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A  COMPARISON  of  this  edition  with  the  previous  one,  published  in 
1869j  will  render  it  evident  that  the  present  volume  is  practically 
a  New  Treatise,  more  than  four-fifths  of  the  whole  having  been 
rewritten.  The  rapid  development  of  that  branch  of  chemical 
science  which  comprises  the  carbon  compounds  rendered  a 
change  necessary  in  the  system  of  classification  employed  by 
the  late  Professor  Miller,  and  the  adoption  of  one  based  on 
the  analogy  in  chemical  constitution  and  properties  of  com- 
pounds rather  than  on  the  source  from  which  they  happen  to 
be  obtained.  At  first  an  attempt  was  made  simply  to  re- 
arrange and  enlarge  the  work,  so  as  to  include  the  more 
important  discoveries  made  since  the  issue  of  the  last  edition, 
but  this  had  soon  to  be  abandoned  as  impracticable.  It  there- 
fore became  necessary  to  rewrite  the  Treatise,  incorporating 
those  portions  of  the  original  which  might  be  available  for  the 
purpose.  The  slight  unevenness  in  the  character  of  the  work, 
which  will  be  apparent  on  comparison  of  the  first  few  chapters 
with  the  later  ones,  is  chiefly  due  to  this  cause. 

In  this  volume,  the  cyanides,  the  hydrocarbons  and  their 
haloid,  nitro-  and  cyano-derivatives,  the  alcohols  and  thio- 
alcohols,  the  ethers,  aldehydes,  ketones,  the  quinones,  and  com- 
pounds more  or  less  closely  allied  to  one  or  other  of  these  great 
groups — such  as  the  carbohydrates  and  glucosides — are  fully 
discussed.  Only  one  section  of  the  acids  are  described — namely, 
those  belonging,  for  the  most  part,  to  what  may  conveniently  be 
termed  the  paraffinoid  (so-called  fatty)  group.  The  acids  of  the 
henzenoid  (so-called  aromatic)  group,  the  nitrogen  compounds  of 
basic  character,  and  the  organo-metallic  compounds,  will  form  the 
chief  subjects  of  a  second  volume,  which  will  shortly  be  published. 

It  is  hoped  that  the  work  will  not  only  be  found  to  contain  a 
fairly  complete  account  of  the  present  state  of  knowledge  of  the 
groups  above  mentioned,  but  more  especially  that  it  will  be  of 
assistance  to  the  advanced  student,  not  merely  in  enabling  him 
to  acquire  facts,  but  as  a  guide,  both  to  the  methods  of  inquiry 
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wHch  are  of  service  in  this  branch  of  chemistry^  and  to  the 
principles  on  which  the  theoretical  deductions  are  based.  As  a 
rule,  instead  of  simple  dogmatic  statements,  the  objections 
against  any  particular  view  are  given,  as  well  as  the  arguments 
in  favour  of  it. 

References  to  the  original  sources  of  information  are  freely 
introduced.  In  many  cases,  when  only  a  single  authority  is 
quoted,  it  will  be  found  on  consulting  the  paper  quoted  that  it 
contains  a  full  account  of,  or  reference  to.  the  labours  of  other 
investigators.  When  the  name  of  an  author  alone  is  appended 
to  a  particular  statement,  the  paper  in  which  the  information  is 
conveyed  will  in  most  cases  be  discovered  without  difficulty  by 
consulting  the  Index  to  Liebig's  Annalen,  the  Jahresberichtj 
the  Berichte,  or  the  Chemical  Society's  Abstracts,  The  Index, 
also,  has  been  made  as  full  and  complete  as  possible.  Several 
friends  whose  names  are  mentioned  in  the  text  have  favoured  us 
with  important  information,  for  which  we  desire  here  to  record 
our  warmest  thanks. 

It  is  evident  that  in  a  work  of  this  size  there  must  be  many 
omissions,  and  the  conclusions  arrived  at  are  in  some  cases  more 
or  less  open  to  question ;  but  it  could  scarcely  be  otherwise,  on 
account  of  the  very  great  extent  of  the  literature  to  be  discussed, 
and  the  difficulty  consequent  on  this  of  properly  taking  into 
consideration,  and  fairly  weighting,  all  the  known  statements  of 
results.  It  must  also  not  be  forgotten  that  no  comprehensive 
work  on  the  subject  has  appeared  since  the  publication  of 
Kekule's  ever-memorable  Lehrbuch,  and  therefore  that  the  com- 
pilation of  an  extended  treatise  like  the  present  is  attended  by 
many  difficulties.  We  trust,  however,  that  a  solid  foundation  has 
been  laid,  and  that  the  chief  features  of  the  modern  chemistry 
of  carbon  compounds  are  truthfully  pictured. 

Notwithstanding  the  extraordinary  increase  in  the  number  of 
the  carbon  compounds,  their  study  is  gradually  becoming  simpli- 
fied as  the  possibility  is  extended  of  arranging  them  in  series, 
and  of  giving  a  general  description  of  their  chief  properties 
applicable  to  all  the  members  of  the  group.  For  example,  the 
principal  laws  which,  in  all  probability,  govern  the  formation  of 
many  hundred  substitution  derivatives  of  benzene  may  now  be 
expressed  in  a  few  lines.  We  are  not  without  hope  that  this 
volume  may  be  of  service  in  aiding  the  progress  of  our  science, 
for  at  every  step  in  the  attempt  to  generalize  difficulties  arise 
owing  to  the  imperfection  of  our  records  :  important  terms  in  a 
series  of  compounds  are  unknown,  or  the  properties  of  members 
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of  the  series  are  very  imperfectly  determined,  or  are  obviously 
inaccurately  stated  ;  and  consequently  we  are  unable  to  draw 
conclusions  witli  any  confidence  as  to  the  behaviour  of  the  series 
as  a  whole.  Evidence  of  this  will  be  found  on  page  after  page 
of  the  present  volume,  clearly  showing  that  at  no  time  more 
than  the  present  was  greater  opportunity  afforded  for  useful 
research,  much  of  the  work  to  be  accomplished  being  of  a  kind 
well  within  the  powers  of  an  intelligent,  but  comparatively 
inexperienced  student.  It  has  been  somewhat  the  fashion  of 
late  to  decry  the  attention  which  is  being  paid  to  the  investiga- 
tion of  carbon  compounds,  but  this  undoubtedly  arises  from  an 
imperfect  appreciation  of  the  methods  and  objects  of  this  depart- 
ment of  chemistry.  For  a  long  time,  the  investigation  of  com- 
pounds other  than  those  which  contain  carbon  was  carried  on  in 
the  most  desultory  and  unsatisfactory  manner  without  any  definite 
aim  or  object;  now  that  the  study  of  the  carbon  compounds 
has  led  chemists  to  the  discovery  of  a  series  of  beautifully  simple 
relationships  subsisting  between  them,  the  necessity  of  investi- 
gating the  relationship  between  the  remaining  elements  and  their 
compounds  is  for  the  first  time  fully  recognized.  Mendeljeff^s 
so-called  periodic  law  may  be  regarded  simply  as  an  extension  of 
the  laws  which  govern  the  carbon  compounds  to  the  elements 
generally. 

At  the  present  time,  what  is  most  required  is  the  accurate  and 
complete  examination  of  individual  carbon  compounds,  for  chemists 
have  hitherto  too  often  been  satisfied  if  they  simply  prepared  a 
given  substance,  analyzed  it,  and  described  a  few  of  its  reactions ; 
a  compound  is  seldom  obtained  in  quantity  sufficient  to  admit  of 
its  complete  purification  and  the  subsequent  determination  of  its 
physical  constants.  These  constants  can  be  most  advantageously 
determined  by  those  who  have  the  necessary  apparatus  at  their 
command,  and  above  all,  special  experience  in  such  matters ;  and 
if  each  chemical  school  would  make  the  preparation  by  its 
students  of  certain  substances  in  a  state  of  purity  a  part  of  the 
ordinary  course  of  study,  and  would  give  notice  that  these  parti- 
cular compounds  were  at  the  disposal  of  experts  for  the  determi- 
nation of  physical  constants,  much  would  be  done  to  facilitate 
the  study  of  a  comparatively  neglected  branch  of  science.  We 
have  now  reached  a  stage  at  which  it  is  fully  recognized  that 
there  is  no  definite  limit  between  the  physical  and  chemical  pro- 
perties of  compound,  and  it  is  obvious  that  without  a  complete 
knowledge  of  both  no  material  progress  can  be  made. 

Almost  at  the  close  of  the  volume  we  have  briefly  discussed  the 
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insufficiency  of  the  present  theory  of  isomerism,  and  have  given  a 
sketch  of  the  Van^t  Hofi-Le  Bel  hypothesis,  which  is,  we  believe, 
worthy  of  tlie  most  careful  consideration;  for  although  it  does  not 
appear  to  meet  all  the  difficulties,  and  may  therefore  eventually 
have  to  be  modified  or  abandoned  for  a  more  comprehensive  theory, 
its  application  to  the  study  of  isomerism  in  carbon  compounds 
is  certain  to  lead  to  discoveries  of  importance. 

Finally,  we  would  express  the  wish  that  our  readers  will  have 
the  kindness  to  point  out  any  mistakes  that  they  may  notice,  and 
we  shall  also  gladly  welcome  any  suggestions  or  information.  It 
is  requested  that  communications  on  these  points  be  addressed  to 
Dr.  Armstrong. 

Henry  E.   Armstrong. 

Charles  E.    Groves. 
June,  1880. 
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§  I.  Introductory; — §  II.  Analysis  of  Carbon  Compounds; — 
§  III.  Molecular  Formula. 

(1025)  Organic  Chemistry,  in  its  primary  signification, 
treated  of  the  chemistry  of  organized  beings,  and  of  the  pro- 
ducts of  their  chemical  actions  upon  matter  in  its  various  forms, 
it  being  supposed  until  the  year  1828  that  the  interposition  of 
the  so-called  vital  force  was  essential  to  their  formation.  At 
that  time,  however,  the  celebrated  German  chemist,  Wohler, 
showed  that  urea,  which  occurs  in  the  urine  of  man  and  animals, 
could  be  artificially  prepared.  Since  then  a  number  of  carbon 
compounds  have  been  produced  which  had  previously  been  known 
only  as  derived  from  animal  or  vegetable  substances ;  amongst 
others,  well  known  substances  such  as  alcohol,  tartaric  acid, 
glycerin,  and  indigo,  also  alizarin — the  colouring  matter  of 
madder,  gallic  acid — found  in  gall  nuts,  and  coumarin  the 
odoriferous  principle  of  the  Tonka  bean.  There  is  but  little 
doubt,  as  new  methods  are  discovered,  and  our  knowledge  of  the 
carbon  compounds  increases,  that  we  may  eventually  be  able  to 
produce  synthetically  even  the  most  complex. 

Organic  chemistry,  therefore,  in  its  present  signification  is  the 
chemistry  of  carbon  compounds ;  the  chemistry  of  the  remaining 
elements,  and  the  compounds  they  form  with  one  another,  con- 
stituting the  so-called  inorganic  chemistry.  It  is  important 
therefore  to  bear  in  mind  the  distinction  between  organic  com- 
pounds  and  organized  bodies. 

Organic  compounds  possess  a  definite  composition,  and  in  many 
3  B 
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cases  exhibit  a  crystalline  structure,  such  as  may  be  observed  in 
sugar,  oxalic  acid,  urea,  taurin,  and  quinine. 

On  the  other  hand,  organized  bodies,  such  as  muscular  tissue, 
nerve  structure,  cellulin,  and  ligneous  fibre,  never  exhibit  any 
tendency  to  a  crystalline  arrangement,  but  show  a  rounded,  vesi- 
cular, or  fibrous  configuration  ;  and  are  so  connected  with  each 
other  as  to  form  parts  of  a  system,  each  of  which  is  incomplete 
if  severed  from  the  remainder.  Their  composition,  however,  is 
not  invariable,  and  there  can  be  no  doubt  that  they  are  mixtures 
of  several  compounds,  and  consequently  not  perfectly  homogeneous. 
It  should  be  remembered  that  the  power  of  the  chemist  is  con- 
fined to  the  preparation  of  definite  chemical  compounds  and  the 
investigation  of  their  properties,  for  organized  bodies  have  not 
hitherto  been  prepared  artificially  :  they  are  the  result  of  the 
action  of  living  bodies  upon  inanimate  matter,  every  living 
body  having  the  power  of  assimilating  fresh  matter  from 
without,  and  of  arranging  its  particles  in  the  special  form  which 
characterizes  the  class  to  which  the  individual  organism  belongs. 

The  study  of  the  chemical  changes  that  occur  in  living  bodies 
constitutes  physiological  chemistry,  one  of  the  most  difficult  and 
least  investigated  branches  of  the  science.  The  difficulty  depends, 
in  a  great  measure,  on  the  extreme  delicacy  of  the  arrangements 
by  which  the  various  changes  are  eff*ected,  and  upon  their  com- 
plicated nature  which  renders  them  liable  to  injury  from  a  mul- 
tiplicity of  causes  that  have  hitherto  eluded  scrutiny.  Important 
changes  may  in  consequence  often  be  effected  in  the  organism 
itself  without  being  appreciable  except  in  their  results,  even 
when  they  extend  so  far  as  to  occasion  death.  We  can  proceed 
to  investigate  the  effect  produced  by  the  tying  of  a  large  artery  or 
the  division  of  a  nerve ;  but  when  an  animal  is  poisoned  by  a  few 
milligrammes  of  aconitine  or  by  a  few  drops  of  a  solution  of  hydro- 
cyanic acid,  there  is  scarcely  anything  to  indicate  to  the  anatomist, 
to  the  microscopic  observer,  or  to  the  chemist,  the  mode  in  which 
these  bodies  operate  in  suddenly  cutting  short  the  life  of  the  animal. 
The  organization  still  appears  to  be  perfect,  yet  the  once  living 
mechanism  no  longer  continues  to  perform  its  wonted  functions. 
In  the  living  body  compounds  are  produced,  many  of  which,  when 
released  from  the  influences  under  which  they  originated,  quickly 
undergo  fresh  changes  ;  these  are  generally  manifested  by  the  oc- 
currence of  the  putrefaction  and  decay  to  which  both  animal  and 
vegetable  tissues  are  liable  when  they  no  longer  form  a  part  of  the 
living  organism.  A  continuous  renewal  of  their  constituents  is 
one  of  the  distinguishing  and  essential  characteristics  of  living 
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bodies,  so  that  when  the  plant  or  the  animal  is  performing  its  func- 
tions in  a  healthy  manner,  a  series  of  changes  succeed  each  other 
in  a  regular  order ;  but  if  this  sequence  be  modified,  even  in  a 
slight  degree^  disease  frequently  ensues,  and  when  the  change  is 
extensive,  death  is  the  speedy  and  inevitable  consequence. 

The  attention  devoted  to  physiological  chemistry  of  late  years 
has  led  to  most  important  results,  and  there  is  no  doubt  that 
more  extended  investigation  will  enable  us  to  ascertain  the  nature 
of  many  of  the  chemical  phenomena  to  which  animal  and  plant 
life  give  rise.  In  the  present  work  the  attention  of  the  reader 
will  be  only  incidentally  directed  to  the  physiological  portion  of 
the  subject,  the  main  object  being  to  exhibit  the  mutual  relations 
which  the  various  chemical  compounds  bear  to  each  other,  and  to 
trace  the  laws  of  their  formation.  , 

§  II.  Analysis  of  Carbon  Compounds. 

(1026)  The  greater  number  of  organic  compounds  are  com- 
posed of  a  small  number  of  elements,  yet  they  present  properties 
as  much  opposed  to  each  other  as  it  is  possible  to  imagine  :  some 
of  these  products  constitute  the  daily  food  of  man,  others  act  as 
direct  and  violent  poisons. 

A  large  and  very  important  class  of  carbon  compounds, 
including  many  essential  oils  and  such  substances  as  naph- 
thalene, benzene,  and  paraffin,  consist  of  carbon  and  hydrogen 
only;  the  greater  number  of  organic  bodies,  however,  derived 
from  the  vegetable  kingdom,  contain  carbon,  hydrogen,  and 
oxygen,  like  sugar,  acetic  acid,  and  alcohol;  others  contain 
nitrogen  in  addition  to  these  elements,  and  in  some  few 
sulphur  occurs.  The  majority  of  the  organic  compounds  obtained 
from  the  animal  kingdom  consist  of  carbon,  hydrogen,  oxygen, 
and  nitrogen,  whilst  a  few  also  contain  sulphur  and  phosphorus. 
Organic  compounds  have  been  artificially  prepared  containing 
not  only  the  elements  just  enumerated,  but  chlorine^  bromine, 
iodine,  fluorine,  silicon,  boron,  and  the  metals. 

Although  the  number  of  diflPerent  elements  associated  with 
carbon  in  organic  substances  is  usually  small,  they  may  possess 
any  decree  of  complexity  from  hydrocyanic  acid,  HCN,  contain- 
ing only  three  atoms  in  the  molecule,  to  the  complex  substance 
stearin,  C^^H^j^Og,  with  its  173  atoms,  or  the  still  more  complex 
compound  albumin,  the  molecule  of  which  (C^jH^^^N^gSOgj)  con- 
tains not  less  than  225  atoms,  and  perhaps  even  more.  *" 

(1027)  Proximate  Analysis. — It  is  necessary  in  the  exami- 
nation of  any  organic  substance  to  ascertain  its  composition,  or 
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in  other  words^  to  analyse  it.  As,  however,  it  may  happen  that 
it  is  not  a  definite  compound,  but  a  mixture  of  two  or  more,  the 
problem  then  presented  to  the  chemist  is  to  separate  the  proxi- 
mate components  from  each  other.  The  analysis  of  organic 
substances  may  therefore  be  conveniently  considered  under 
proximate  analysis,  as  in  the  separation  of  wheat  flour  into  starch, 
sugar,  gluten, ligneous  fibre,  and  oily  matter ;  and  ultimate  analysis, 
or  the  determination  of  the  proportions  in  which  the  carbon, 
hydrogen,  and  oxygen  are  united  in  the  starch,  sugar,  or  gluten. 
The  proximate  analysis  of  an  organic  substance  is  often  a 
matter  of  considerable  difficulty,  so  that  no  general  rule  can  be 
laid  down  for  the  separation  or  extraction  of  the  different 
principles,  each  class  of  substances  requiring  special  treatment, 
which  experience  alone  can  indicate. 


Fig.  377. 


In  all  cases  of  proximate 
analysis,  the  employment  of  the 
microscope  will  afibrd  valuable 
aid  whilst  watching  the  pro- 
gress of  the  separation,  and  in 
enabling  the  operator  to  as- 
certain whether  or  not  the  sub- 
stances which  he  has  isolated 
are  mixed  with  other  bodies. 
When  the  substance  is  crystal- 
line, such  an  examination,  by 
showing  w^hether  one  or  more 
forms  of  crystal  are  present,  is 
often  more  valuable  for  as(^er- 
taining  the  purity  of  the  body 
than  the  use  of  chemical  re- 
agents. 

(1028)  Separation  by  Sol- 
vents.— The  process  generally 
followed  in  the  first  instance  is 
to  subject  the  dry  pulverised 
material  to  the  action  of  several 
solvents  in  succession,  such  as 
ether,  alcohol^  and  water. 

A  convenient  apparatus  for  the  di- 
o-estion  of  the  substances  for  analysis 
in  these  menstrua,  is  shown  in  fig. 
277  : — A  is  a  glass  flask  containing 
the  liquid  solvent,  which  can  be  kept 
in  steady  ebullition   by  means  of  the 
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lamp  beneath.  B  is  a  tube  of  glass  or  of  tin-plate,  in  the  contracted  portion  of 
which  is  a  plug  of  cotton  wool,  c  ;  in  this  tube  the  substance  is  to  be  placed  ; 
d,  is  a  short  lateral  tube  to  which  the  tube,  e,  of  glass  or  metal,  is  attached  by 
india-rubber  tubing.  The  tube  e  should  be  kept  warm  by  enveloping  it  in 
flannel,  with  a  view  to  prevent  the  premature  condensation  of  the  vapour  as  it 
rises  from  the  flask,  m  is  a  tin-plate  condenser,  which  can  be  filled  with 
water ;  A  is  a  funnel  for  conveying  cold  water  to  the  bottom  of  this  vessel, 
whilst  the  hot  water  flows  off"  at  the  spout  above.  A  tube,  g,  open  at  both  ends, 
passes  through  the  axis  of  M  ;  the  lower  projecting  extremity  of  this  tube  is 
fitted  by  a  cork  to  the  tube  b.  /"is  a  worm  tube,  the  upper  extremity  of  which 
passes  through  the  side  of  the  refrigerator,  and  is  adapted  by  a  cork  to  the 
tube  e,  whilst  its  lower  extremity  is  soldered  to  the  tube  g,  into  which  its 
contents  flow  after  they  have  been  condensed  in  their  passage  through  the  refri- 
gerator. It  is  obvious  that  by  this  arrangement  a  perpetual  distillation  of  the 
liquid  in  the  flask  a  may  be  readily  maintained  ;  the  vapour  which  passes  through 
the  tube  e  becomes  condensed  in  the  spiral  tube^,  and  percolates,  in  the  liquid 
form,  through  the  material  contained  in  B,  carrying  the  soluble  matters  into  the 
flask  A,  where  they  gradually  accumulate.  If  the  employment  of  metal  be  in 
any  case  objectionable,  glass  vessels  may  be  used. 

A  great  variety  of  solvents  are  now  employed  for  the  sepa- 
ration and  purification  of  carbon  compounds,  so  that  a  slight 
sketch  of  their  most  salient  properties  may  be  useful.  Ether  is 
especially  valuable  from  its  low  boiling  point,  and  from  its 
having  no  chemical  action  on  most  organic  compounds ;  so  that 
on  distilling  off  the  ether  the  dissolved  substauce  is  easily  reco- 
vered without  having  undergone  any  sensible  decomposition.  In 
addition  to  this,  it  has  the  advantage  of  dissolving  a  very  large 
number  of  substances  which  are  comparatively  insoluble  in  other 
liquids.  Alcohol  is  also  largely  used,  and  may  be  advantageously 
employed  for  dissolving  such  substances  as  the  alkaloids  ;  but,  as 
a  rule,  it  should  be  avoided,  if  possible,  for  halogen  substitution 
compounds,  as  it  is  very  liable  to  react  with  them,  and  cause 
their  decomposition,  or  at  least  partially.  Water  dissolves  sugar, 
gum,  starch,  and  other  highly  oxidized  bodies  which  are  nearly 
insoluble  in  ether  or  alcohol,  also  many  salts,  both  of  organic 
acids  and  bases.  Benzene  is  a  very  useful  solvent,  especially  for 
chlorine,  bromine,  and  iodine  substitution  compounds,  but  for 
this  purpose  it  should  be  purified  by  digestion  with  concentrated 
sulphuric  acid.  This  removes  certain  hydrocarbons  which 
usually  accompany  it  in  coal  oil,  and  which  would  other- 
wise decompose  the  dissolved  substance.  A  peculiar  characte- 
ristic of  benzene  in  which  it  differs  greatly  from  alcohol  and  ether 
is  that  almost  all  amorphous  substances  are  insoluble  in  it.  The 
homologues  of  benzene  found  in  coal  oil,  such  as  toluene, 
xylene,  &c.,  are  also  occasionally  useful  when  a  solvent  of  a 
somewhat  higher  boiling  point  is  required.      Organic  compoundg 
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generally  are  much  less  soluble  in  carbonic  bisulphidej  carbonic 
tetrachloride  and  chloroform  than  in  benzene^  and  consequently 
their  use  is  somewhat  restricted.  Glacial  acetic  acid  possesses 
valuable  solvent  properties,  and  the  fact  that  it  dissolves 
chromic  anhydride  and  nitric  acid,  whilst  it  is  not  attacked  by 
them,  renders  it  exceedingly  useful  in  moderating  their  action 
on  carbon  compounds.  Light  petroleum  oil,  consisting  principally 
of  the  lower  boiling-point  paraffins,  is  also  useful,  usually  for  the 
crystallization  of  substances  which  are  exceedingly  soluble  in 
ether,  benzene,  and  carbonic  bisulphide;  its  solvent  powers  are 
not  great.  Nitrobenzene,  aniline,  and  oil  of  turpentine  are  also 
occasionally  used.  In  particular  cases  dilute  acids,  and  in  others 
dilute  alkalies  may  be  employed,  but  they  must  be  used  with 
caution,  as  they  are  liable  to  act  not  merely  as  solvents,  but 
also  to  produce  chemical  changes  in  the  compounds  submitted 
to  their  action. 

(1029)  Fractional  Crystallization  and  Fractional  Solution. — 
It  frequently  happens  that  two  or  more  crystalline  substances 
occur  together,  which  possess  different  degrees  of  solubility  in  the 
same  menstruum ;  in  such  a  case  they  may  often  be  separated  by 
fractional  crystallization,  care  being  taken  to  collect  the  crystals  as 
soon  as  a  portion  of  the  compound  has  been  deposited,  and  keep- 
ing them  separate  from  those  which  are  formed  subsequently  ; 
by  repeating  this  process  on  the  first  portions,  the  less  soluble 
compound  may  be  obtained  in  a  state  of  purity. 

In  soiTie  cases,  where  a  mixture  of  two  solids  of  very  unequal  solubility  in 
the  same  menstruum  is  operated  on,  fractional  solution  may  be  employed.  In 
this  case,  by  using  successive  small  portions  of  the  solvent,  the  more  soluble  in- 
gredient may  be  gradually  removed,  leaving  undissolved  the  less  soluble  ingre- 
dient in  a  nearly  pure  state. 

(1030)  Fractional  Precipitation  and  Fractional  Saturation. — 
In  other  cases,  if  the  different  compounds  yield  precipitates  with 
the  same  reagent,  a  separation  by  fractional  precipitation  may  be 
effected  by  adding  a  quantity  of  the  precipitant  insufficient  to 
throw  down,  for  example,  more  than  one-half  of  the  amount  of 
the  substances  that  may  be  present.  The  salts  of  silver  or  of 
lead  may  thus  be  employed  for  separating  certain  organic  acids, 
particularly  the  fatty  or  the  resinous  acids,  or  others  which  like 
them  greatly  resemble  each  other  in  properties.  The  precipitate 
must  then  be  suspended  in  water,  and  decomposed  by  means  of 
sulphuretted  hydrogen,  or  of  a  dilute  mineral  acid,  in  order  to 
separate  the  metal  and  liberate  the  organic  acid,  which  is  again 
submitted  to  a  similar  partial  precipitation.      This  process  must 
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be   repeated  until   the  fusing   point  becomes  constant^  or   some 
other  guarantee  of  the  purity  of  the  body  is  obtained. 

A  method,,  which  may  be  termed  fractional  saturation,  was 
applied  by  Liebig  to  the  separation  of  certain  volatile  acids,  from 
each  other.  This  process  consists  in  partially  saturating  the  acid 
with  potassic  or  sodic  hydrate,  and  then  distilling ;  the  more 
volatile  acid  passing  over  with  the  distillate.  Suppose  that  it  be 
desired  to  eflPect  the  separation  of  butyric  from  valeric  acid  by 
this  means  : — a  certain  amount  of  potassic  hydrate  is  added,  and 
if' this  be  more  than  sufficient  to  saturate  the  valeric  acid,  the 
distillate  will  consist  of  butyric  acid  only,  while  the  residue  will 
be  a  mixture  of  potassic  valerate  and  butyrate.  If,  on  the  other 
hand,  the  potassic  hydrate  be  insufficient  to  completely  saturate 
the  valeric  acid,  the  residue  in  the  retort  will  consist  of  pure 
potassic  valerate,  and  the  distillate  will  be  a  mixture  of  butyric 
and  valeric  acids,  which  may  be  separated  by  a  repetition  of  the 
process. 

(103 1 )  Fractional  Distillation. — The  operation  of  fractional 
distillation  is  employed  for  the  separation  of  mixed  volatile 
liquids  whose  boiling  points  differ  to  some  extent.  The  mixed 
liquid  to  be  operated  on  is  placed  in  a  retort,  into  the  tubulure 
of  which  a  thermometer  is  inserted,  and  heat  is  applied  until  the 
liquid  boils.  The  bulb  of  the  thermometer,  however,  should  not 
dip  into  the  boiling  liquid,  for  its  temperature  is  usually  far 
higher  than  that  of  the  vapourized  portion,  and,  consequently,  an 
incorrect  l)oiling  point  would  probably  be  assigned  to  the  dis- 
tillate. In  distilling  such  a  mixture,  it  will  generally  be  found 
that  although  the  temperature  of  the  vapour,  as  indicated  by  the 
thermometer,  rises  continuously,  yet  at  certain  points  this  takes 
place  much  more  slowly,  the  temperature,  for  a  time,  remaining 
nearly  stationary.  A  large  quantity  of  the  liquid  will  then  distil 
within  comparatively  small  limits  of  temperature,  and  may  be 
supposed  to  have  a  composition  nearly  uniform.  By  again 
rectifying  those  portions  which  distil  within  the  same  small  limits 
of  temperature,  the  different  components  of  the  mixed  liquid 
may  be  obtained  in  a  state  of  tolerable  purity.  "Where  large 
quantities  can  be  operated  on,  this  process  may  be  employed  for 
the  separation  of  liquids  the  boiling  points  of  which  differ  con- 
siderably from  each  other ;  but  it  is  not  satisfactory  when  the 
quantities  are  small,  or  where  the  boiling  points  are  within  10° 
or  15°  (20°  or  30°  r.),  of  each  other.  Except  with  liquids  of 
high  boiling  point,  it  is  generally  better  to  substitute  for  the 
retort  a  flask  furnished  with  a  bent  tube  connected  with  a  con- 
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denser,  and  a  thermometer,  the   bulb  of  which  should  be  about 
half  way  down  the  neck  of  the  flask. 

A  considerable  improvement  in  the  mode  of  conducting  the  fractional  distil- 
lation of  comparatively  large  quantities  of  liquid  was  introduced  by  Warren, 
who  applied  it  successfully  in  examining  the  volatile  products  of  American  pe- 
troleum. [Memoirs  of  the  American  Academy,  New  Series,  vol.  ix.)  This 
mode  of  distillation  will  be  understood  from  an  examination  of  fig.  378,  in 
which  a  shows  the  retort  or  two-necked  flask  containhig  the  liquid  for  distilla- 
tion together  with  a  thermometer/.  The  flask  is  connected  with  an  ascending 
spiral  worm  &,  which  is  maintained  at  a  constant  temperature  by  being  made  to 

Fig.  378. 


pass  through  the  oil  bath  c,  heated  from  below,  and  having  the  temperature 
regulated  by  the  aid  of  the  thermometer,  t.  c?  is  a  vessel  ordinarily  empty,  but 
which  can  be  filled  with  ice  if  it  is  required  to  keep  the  worm  at  a  low  tempera- 
ture. The  upper  end  e  of  the  worm  is  connected  with  a  Liebig's  condenser  or 
other  suitable  apparatus  for  condensation.  By  this  arrangement  it  is  easy  to 
ensure  the  condensation  of  the  less  volatile  portions,  which  flow  back  into  the 
retort,  whilst  the  more  volatile  portion  passes  on  and  is  condensed  in  the  colder 
part  of  the  apparatus.  The  apparatus  should  be  made  of  brazed  copper ;  the 
worm  is  about  5  feet,  or  i"5  metre  in  length,  and  f  inch  or  10  millimetres  in 
internal  diameter. 

The  piece  of  apparatus  represented  in  fig.  379  acts  much 
in  the  same  way  as  Warren^s,  and  is  very  generally  used  in  the 
laboratory  for  facilitating  the  fractional  distillation  of  liquids.  It 
consists  of  a  tube  about  half  an  inch  (13  millimetres)  in  internal 
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diameter,  on  which  are  blown  from  three  to  six  bulbs,  the  lowest 
one,  a  J  being  about  six  inches  [i^  centimetres)  from  the  cork;  a 
thermometer  is  inserted  into  the  upper  end  h,  the 
bulb  of  which  comes  just  below  the  exit  tube  c,  for 
the  vapour.  This  is  connected  with  a  suitable 
condensing  arrangement  for  the  collection  of  the 
distilled  liquid.  Here  the  large  surface  exposed 
by  the  bulbs  has  an  effect  similar  to  the  worm  of 
Warren's  apparatus  in  condensing  the  -^^^  g^ 
less  volatile  portion  of  the  vapour.  The 
distillation  should  be  conducted  very 
slowly  and  in  a  place  as  much  sheltered 
from  currents  of  air  as  possible. 

Linnemann  {Ann^  Chem,  Pharm, 
clx.  T95),  has  considerably  improved 
on  this  apparatus  by  the  introduction 
into  the  distilling  tube  of  small  cups  (fig. 
380),  made  of  fine  platinum  wire  gauze, 
the  meshes  of  which  are  about  075  millimetres  square, 
or  35  to  the  inch.  For  the  separation  of  liquids  whose 
boiling  point  is  below  150°  (302°  r.),it  is  advisable  to  use 
at  least  eight  such  cups  ;  those  boiling  between  150° 
and  180°  (302°  and  356°  F.)  require  six 
cups,  whilst  above  180°  (356°  F.)  five 
are  sufficient.  These  cups  (fig.  381) 
are  made  by  pressure  in  a  box- wood 
mould  and  slide  with  friction  in  a  tube 
which  should  be  from  9  to  12  milli- 
metres (f  to  ^  inch)  in  internal 
diameter.  During  the  progress  of  the  distilla- 
tion these  become  partially  filled  with  the  liquid 
which  condenses  on  the  sides  of  the  tube,  so  that  the 
vapour  is  compelled  to  pass  through  the  liquid  and 
becomes  washed  as  it  were,  only  the  more  volatile  portion  passing 
on  to  the  condenser;  its  action  is  therefore  almost  identical  with 
the  Coffey's  stdl,  used  for  the  rectification  of  alcohol  on  the  large 
scale.  After  a  time  the  platinum  cups  will  become  too  full ;  the 
burner  must  then  be  removed  for  a  few  seconds  from  under  the 
distilling  flask,  so  as  to  stop  the  boiling  and  allow  the  liquid  to 
flow  back  again  into  the  flask,  after  which  the  distillation  can 
be  resumed. 

Wanklyn  has  shown   (Proc.  Poy.  Soc,  xii.  534)  that  the  proportions  in 
which  mixed  liquids  distil  over  must  vary  not  only  with  the  relative  amount  of 


FiPx.  381. 


10 


FRACTIONAL    DISTILLATION. 


[1031. 


each  constituent,  and  with  the  tension  of  the  vapour  of  each  at  the  boiling  point 
of  the  mixture,  but  also  with  the  adhesion  of  the  liquids  to  each  other  and  with 
the  vapour  density  of  each.  Although  in  most  cases  the  effect  of  adhesion  is 
trifling,  the  variation  in  vapour  density  is  important.  According  to  his  experi- 
ments, a  mixture  of  equal  weights  of  two  liquids  of  different  boiling  points  will 
furnish  a  distillate  in  which  the  proportion  of  each  liquid  may  be  calculated  from 
the  product  of  the  tension  into  the  specific  gravity  of  the  vapour.  In  conse- 
quence of  this  circumstance,  the  less  volatile  liquid  may  distil  over  more 
rapidly  than  the  other;  for  example,  a  mixture  containing  18  parts  of  wood 
spirit  (boiling  at  66°  (151°  F.),  vapour  density  15-5),  and  17  parts  of  ethyl 
iodide  (boiling  at  72°  (i6i°-6  F.),  vapour  density  78)  yielded  in  the  first 
third  a  mixture  consisting  of  6  parts  of  wood  spirit  and  8'7  of  ethyl  iodide.  If 
the  vapour  density  and  the  tension  at  the  boiling  point  of  the  mixed  liquids  are 
inversely  proportional  in  the  case  of  the  two  liquids,  the  mixture  distils  without 
change.  These  observations  explain  the  facility  with  which  bodies  of  high  boil- 
ing point  and  of  considerable  vapour  density,  such  as  the  essential  oils, 
pass  over  with  the  vapour  of  water.     Berthelot  has  made  similar  observations. 

It  frequently  happens  that  a  mixture  of  substances  is  obtained, 
one  or  more  of  which  are  readily  volatile  in  a  current  of  aqueous 
vapour,  thus  affording  an  excellent  method  for  separating  them 
from  those  which  are  non-volatile  under  these  circumstances. 
The    mixture   is    introduced   into   a  flask   a,   fig.    382,  contain- 

FiG.  382. 


ing  water  which  is  kept  gently  boiling,  whilst  a  current  of 
steam  from  a  tin  or  copper  can,  b,  is  passed  into  the  liquid  by 
means  of  a  tube  reaching  nearly  to  the  bottom  of  the  flask.  The 
aqueous  vapour  and  the  volatile  substances  pass  out  through  the 
tube  d,  and  after  being  condensed  in  e,  are  received  in  the 
flask  g,  whilst  the  non-volatile  portion  remains  in  the  flask  a.  When 
solid  substances  are  operated  upon,  the  long  glass  rod/,  which  is  fitted 
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Fig.  383. 


to  the  condenser  by  means  of  a  short  piece  of  caoutchouc  tube, 
serves  to  clear  out  any  obstruction  which  might  be  caused 
by  the  condensation  of  the  solid  in  the  tube  e.  The  safety 
tube  c  reaches  to  within  about  an  inch  of  the  bottom  of  the  tin 
can  b. 

(1032)  Ultimate  Analysis. — Scrupulous  attention  to  the 
purity  of  the  matter  submitted  to  analysis  is  of  course  of  primary 
importance,  a  very  slight  admixture  with  other  compounds  being 
sufficient  to  vitiate  the  conclusions  deducible  from  the  experi- 
ments. Having  by  suitable  means  ascertained  the  purity  of  the 
substance  to  be  analysed,  the  next  care  is  to  insure  its  complete 
desiccation.  Solids  should  be  finely  powdered  and  dried  in  the 
hot  water  oven,  if  they  are  not  decomposed  at  100°  (212°  F.)  ; 
otherwise  they  must  be  dried  in  vacuo  at  the  ordinary  tempera- 
ture over  sulphuric  acid.  Volatile  liquids  that  are  unchanged  by 
distillation  should  be  allowed  to  stand  for  two  or  three  days 
upon  fragments  of  fused  calcic  chloride  ;  the  liquid  should  then 
be  decanted  and  distilled  in  a  small  retort.  In  the  examination 
of  fats  or  fixed  oils,  it  is  more  convenient  to  dry  the  material  in 
a  watch-glass  placed  in  an  ordinary 
water-bath,  or  by  exposing  them  to  a 
temperature  of  from  100°  (212°  F.)  to 
120°  (248°  F.)  in  a  water  oven  or  box  of 
sheet  copper,  made  double,  as  shown  in 
^rt-  ?)^?)')  ^  being  an  aperture  for  the 
introduction  of  water  or  of  oil  into  the 
space  between  the  external  and  in- 
ternal plates,  the  heat  being  supplied  by 
a  gas  flame  below,  and  the  temperature 
being  regulated  by  a  thermometer  in- 
troduced into  the  liquid  through  the 
opening  at  a.  By  weighing  the  sub- 
stance before  and  after  drying,  the  loss  which  it  experiences  can 
be  accurately  ascertained. 

If  the  substance  is  very  hygroscopic  tlie  apparatus  shown  in  fig.  384  may  be 
employed,  a  represents  a  bent  glass  tube,  for  the  reception  of  the  substance  to 
be  dried ;  b  is  a  vessel  of  glass  or  of  metal,  containing  water  or  oil,  or  some  saline 
solution  ;  c,  an  aspirator,  by  which  a  current  of  atmospheric  air  can  be  main- 
tained through  the  apparatus;  and  D,  a  bent  tube  filled  with  fragments  of 
pumice-stone,  soaked  in  sulphuric  acid,  for  drying  the  air  as  it  enters.  The  tube 
A  with  its  contents  is  weighed  at  the  beginning  of  the  operation,  and  the  desic- 
cation must  be  continued  until  it  ceases  to  lose  weight. 

If  the  desiccation  be  effected  in  the  water  oven,   the   ground 
^atch  glasses  which  contain  the  compound  should  be  allowed  to 
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cool  under  a  bell  glass,  over  a  dish  of  sulphuric  acid  or  calcic 
chloride. 

Fig.  384. 


(1033)  Determination  of  Carbon,  Hydrogen  and  Nitrogen. — 
Most  organic  compounds  consist  of  carbon,  hydrogen,  oxygen, 
and  sometimes  nitrogen,  so  that  the  operation  of  organic 
analysis  resolves  itself  mainly  into  the  accurate  quantitative 
determination  of  these  elements.  We  are  indebted  to  Gay- 
Lussac  and  Thenard  for  the  fundamental  principle  that  regulates 
our  operations  in  this  respect,  although  the  process  proposed  by 
them  has  subsequently  been  modified  and  improved  by  many 
chemists,  especially  by  Berzelius,  De  Saussure,  Prout,  and  Liebig. 
It  was  by  the  last  named  eminent  philosopher  that  the  method 
now  in  general  use  was  contrived. 

The  object  of  the  operation  being  to  determine  the  relative 
proportion  in  which  each  of  the  elements  occurs  in  the  compound 
under  examination,  it  is  necessary  for  the  success  of  the  analytical 
process  that  these  elements  should  either  be  separated  in  a  state 
of  purity,  or  obtained  in  the  form  of  definite  compounds  that  can 
easily  be  collected.  In  practice  it  has  been  found  most  con- 
venient to  supply  the  substance  to  be  analysed  with  a  quantity 
of  oxygen  sufficient  to  convert  the  carbon  which  it  contains  into 
carbonic  anhydride,  and  the  hydrogen  into  water.  An  arrange- 
ment is  made  for  estimating  the  water,  by  causing  the  evolved  gases 
to  pass  over  a  substance  which  has  a  powerful  attraction  for  it, 
such  as  calcic  chloride  or  pumice  moistened  with  sulphuric  acid, 
whilst  the  carbonic  anhydride  is  absorbed  by  means  of  a  solution 
of  potassic   hydrate ;   when  the  amount    of  nitrogen    has    to   be 
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ascertained  it  is  either  measured  over  mercury  in  the  form 
of  gas,  or  determined  as  ammonia.  In  the  latter  case,  the 
substance  to  be  analysed  is  mixed  with  soda-lime,  and  heated  ; 
all  the  nitrogen  is  thus  converted  into  ammonia,  in  which  form 
it  admits  of  being  readily  estimated. 

The  amount  of  carbonic  anhydride,  water,  and  ammonia 
being  known,  it  is  easy  to  find  by  calculation  the  weight  of  the 
carbon,  hydrogen,  and  nitrogen  respectively  contained  in  them. 
The  quantity  of  oxygen  which  the  substance  contains  may  be 
known  by  deducting  the  united  weight  of  the  carbon,  hydrogen, 
and  nitrogen,  from  the  total  weight  of  the  body  analysed,  sup- 
posing no  other  elements  to  have  been  present. 

The  method  employed  for  the  analysis  will  vary  accord- 
ing to  the  nature  and  composition  of  the  substance  to  be 
examined. 

We  shall  first  describe  the  methods  of  analysing — 

1.  A  solid,  which  does  not  contain  nitrogen. 

2.  A  liquid  J  which  does  not  contain  nitrogen. 

3.  A  substance  which  does  contain  nitrogen. 

(1034)  Analysis  of  a  Solid  not  containing  Nitrogen. — As  gas 
is  now  so  readily  obtainable  it  is  almost  universally  used  in  the 
furnaces  employed  for  organic  analysis.  Many  forms  of  gas 
furnace  for  this  purpose  have  been  devised,  differing  considerably 
in  detail,  but  that  originally  proposed  by  Hofmann  is  perhaps  the 
most  generally  useful  in  an  ordinary  laboratory.  Its  general  ar- 
rangement is  represented  at  2,  fig.  385.  A  firm  cast  iron  stand 
supports  the  body  of  the  furnace  shown  in  section  at  3.  The 
gas  issues  through  a  number  of  minute  holes  in  the  fire  clay 
burners  of  which  there  are  five  rows,  those  in  the  centre  row  on 
which  the  combustion  tube  rests  being  shorter  than  the  others  ; 
the  amount  of  gas  supplied  to  the  fire-clay  burners  through  the 
tubes  d  d,  can  be  easily  regulated  by  means  of  the  stopcocks. 
The  sides  of  the  furnace  are  formed  of  tiles,  /,  some  of  which  are 
removed  to  show  the  arrangement  of  the  burners ;  other  tiles  g, 
which  are  moveable,  can  be  placed  at  pleasure  on  the  top  of  the 
furnace  to  assist  in  regulating  the  temperature. 

Charcoal  is  occasionally  used  where  gas  cannot  be  obtained :  the  best  form  of 
furnace  for  this  is  represented  at  c,  fig.  386  :  it  is  made  of  stout  sheet-iron  bent 
into  the  form  of  a  trough,  open  at  one  end  ;  the  plate  which  closes  the  other 
end  is  perforated  with  an  aperture  three-quarters  of  an  inch  in  diameter, 
to  allow  the  passage  of  the  combustion  tube  ;  the  furnace  is  about  20  inches 
long,  5  inches  wide  at  top,  2|  inches  at  bottom,  and  3   inches  high;   or  about 
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50  centimetres  long,  13  cm.  wide  at  top,  7  cm.  at  bottom,  and  8  cm.  high. 
Transverse  slits  are  made  at  intervals  of  2  inches  along  the  bottom  of  the 
trough  for  the  admission  of  air,  and  in  each  of  the  spaces  between  these  slits  is 


riveted  a  vertical  stiff  piece  of  sheet-iron,  i  inch  high,  terminating  in  a  concave 
edge  above,  for  the  support  of  the  combustion  tube.  During  the  operation,  the 
furnace  may  rest  on  bricks,  g,  g. 

The  combustion  or  retort  tube  a  b,  fig.  386^  in  which  the 
mixture  is  burned,  is  about  24  inches  long  and  %  of  an  inch  in 
diameter  (60  centimetres  long  and  9  millimetres  in  diameter)  ;  it 
is  made  of  glass  of  difficult  fusibility  and  free  from  lead,  such 
as  the  hard  Bohemian  glass.  The  tube  is  generally  drawn  out 
into  a  fine  but  strong  tail  bent  upwards  at  an  obtuse  angle,  and 
the  mouth  should  be  smoothed  by  fusing  it  in  the  flame  of 
the  blowpipe,  so  that  the  cork  may  not  be  torn  in  ad- 
justing it. 

The  water  is  collected  in  a  tube,  e,  filled  with  calcic  chloride. 
At  c?  is  a  small  bulb,  in  which  the  greater  part  of  the  water 
becomes  condensed,  and  may  be  emptied  out  as  soon  as  the  tube 
has  been  weighed ;  if  this  is  done  the  calcium  chloride  will  last 
for  a  large  number  of  operations  without  requiring  to  be  renewed. 
The  calcic  chloride  must  not  be  fused,  but  should  be  prepared  by 
evaporating  the  solution  of  the  chloride  to  dryness  by  a  strong 
sand  heat  j  a  porous  mass  is  thus  obtained,  which  absorbs  the 
aqueous  vapours  more  readily,  and  at  the  same  time  does  not 
expand  like  the  fused  variety  to  the  destruction  of  the  tube  that 
contains  it.  The  cork  through  which  passes  the  short  tube  by 
which  the  drying  tube  e  is  connected  with  the  potash  bulbs  /,  and 
which  may  consist  of  a  short  piece  of  caoutchouc  tubing,  should 
be  trimmed  close  to  the  large  tube  and  covered  neatly  with 
melted  sealing-wax  ;  and  lastly,  air  should  be  drawn  through  the 
apparatus  to  ascertain  that  no  obstruction  exists.  Pumice-stone 
moistened  with  concentrated  sulphuric  acid  may  sometimes  be 
advantageously  substituted  for  calcic  chloride  in  the  drying  tube. 
The  connexion  between  this  tube  and  the  combustion  tube, 
a  b,  is  effected  by  means  of  a  sound  elastic   cork,   or   a  pluo-  of 
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vulcanized  caoutchouc,  which  is  made  to  close  the  mouth  of 
the  tube  accurately  ;  it  is  pierced  with  a  round  file,  and  fitted 
firmly  upon  the  ftne  tube  proceeding  from  the  bulb  d  of  the  drying 
tube  ;  the  cork  should  be  dried  on  the  sand-bath  immediately 
before  the  apparatus  is  mounted. 

The  solution  of  potassic  hydrate  employed  in  the  potash  bulbs, 
/,  should  have  a  sp.  gr.  of  from  1-25  to  t'27,  and  must  be  renewed 
every  two  or  three  experiments.  To  the  free  end  of  the  potash  bulbs, 
a  tube  h,  filled  with  fragments  of  potassic  hydrate,  is  adjusted  by 
means  of  a  cork ;  this  is  weighed  with  the  bulbs,  and  is  employed 
to  dry  the  nitrogen  and  other  gases  which  escape  during  the 
course  of  the  analysis.  A  far  better  form  than  the  ordinary 
Liebig^s  bulbs  are  those  devised  by  Geissler  and  re[)resented  at  k, 
fig.  385,  where  the  gas  passes  successively  through  three  distinct 
bulbs,  each  of  which  contains  a  solution  of  potassic  hydrate ;  the 
arrangement  can  be  easily  understood  from  an  inspection  of  the 
figure. 

The  compound  generally  used  for  supplying  oxygen  to  the 
substance  to  be  burned  is  cnpric  oxide,  which,  although  it  is  not 
decomposed  when  heated  alone,  yet  readily  imparts  oxygen  to 
the  carbon  compound  heated  in  contact  with  it.  It  is  con- 
veniently prepared  by  dissolving  copper  in  pure  nitric  acid,  eva- 
porating to  dryness,  and  decomposing  the  nitrate  by  heating  it  in 
an  earthen  crucible  until  red  fumes  cease  to  appear.  It  should  be 
strongly  heated,  otherwise  it  is  very  hygroscopic,  but  care  must 
be  taken  that  the  temperature  is  not  so  high  as  to  cause  incipient 
fusion  ;  in  this  case  it  becomes  agglutinated,  and  requires  pound- 
ing in  an  iron  mortar  to  pulverize  it.  The  powdered  oxide 
should  be  sifted  through  a  fine  copper  gauze  sieve,  and  preserved 
in  stoppered  g^ass  bottles.  Sometimes  it  is  convenient  to  use  the 
granular  semifused  cupric  o.\ide  produced  by  strongly  heating 
copper  in  a  current  of  air  in  a  muffle. 

Immediately  before  each  analytical  operation,  a  sufficient 
quantity  of  cupric  oxide  is  to  be  ignited  in  a  crucible,  and  while 
still  very  hot,  transferred  to  a  dry  tube,  by  plunging  the  mouth 
of  the  tube  into  the  oxide  in  the  crucible,  and  then  by  a  turn  of 
the  wrist  causing  a  portion  of  the  oxide  to  enter  the  tube  ;  re- 
peating the  operation  until  the  tube  is  nearly  full :  when  the 
mouth  is  no  longer  too  hot  it  should  be  closed  with  a  dry  cork, 
and  allowed  to  cool.  Meantime  the  interior  of  the  combustion 
tube  is  to  be  dried  completely  by  heating  each  portion  of  it  in 
succession,  beginning  at  the  open  end,  whilst  drawing  air  through 
it  by  means  of  a  narrower  tube  passed  down  just  beyond  the 
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heated  part.      When  every  part    has  thus  been  dried,  the  com- 
bustion tube  is  to  be  corked  and  allowed  to  cool. 

Five  or  six  grains,  or  about  0*3  grm.,  of  the  subsiance 
are  usually  enough  for  analysis.  The  watch  glasses  containing 
the  substance  should  be  carefully  weighed,  and  after  the  re- 
quisite quantity  has  been  taken  out  and  mixed  with  the  cupric 
oxide  in  the  manner  described  below,  the  glasses  must  be  closed 
with  the  clip  and  again  weighed.  Great  care  should  be  taken  in 
charging  the  combustion  tube.  Cupric  oxide  to  the  depth  of 
about  an  inch  (2*5  centimetres)  is  first  poured  into  it;  after 
which  a  small  quantity  of  the  oxide  is  to  be  put  into  a  hemi- 
spherical glass  dish  resting  on  a  sheet  of  glazed  paper,  then  the 
substance  to  be  analysed,  then  more  oxide.  This  dish  must  be 
thoroughly  cleaned  and  rinsed  out  with  a  little  of  the  oxide  pre- 
viously to  being  used,  and  the  interior  of  it  should  on  no  ac- 
count be  touched  with  the  fingers,  as  the  finer  portions  of  the 
cupric  oxide  would  be  sure  to  adhere  in  those  places.  The  mixture 
must  be  made  quickly  and  carefully  by  means  of  a  thin  flexible  steel 
spatula,  as  much  oxide  being  employed  as  will  be  sufficient  to  fill  a 
little  more  than  half  the  combustion  tube.  The  dish  is  now  to  be 
taken  in  tlie  palm  of  the  left  hand,  and  the  mixture  introduced  by 
scooping  it  up  into  the  tube  with  a  peculiar  turn  of  the  wrist,  which 
can  easily  be  acquired  after  a  little  practice.  The  last  portions  of 
the  mixture  are  most  easily  introduced  by  transferring  them  to  a 
highly  glazed  card,  and  pouring  them  from  it  directly  into  the 
combustion  tube.  The  dish  is  then  washed  out  two  or  three 
times  successively  with  small  quantities  of  the  oxide  in  order  to 
remove  the  last  traces  of  the  mixture,  the  washings  being  intro- 
duced into  the  tube  in  the  manner  just  described  :  the  combustion 
tube  is  finally  to  be  filled  up  with  pure  cupric  oxide  to  within  two 
inches  (5  centimetres)  of  the  extremity.  Instead  of  a  glass  dish 
and  steel  spatula,  an  ordinary  porcelain  pestle  and  mortar  may  be 
used,  but  it  is  not  so  convenient :  sometimes  also  when  many 
tubes  have  to  be  filled,  and  it  is  desired  to  save  time,  the  mixture, 
washings,  &c.,  may  be  poured  into  the  combustion  tube  through  a 
clean  bright  copper  funnel. 

The  proportions  of  the  mixture  are  represented  at  i,  fig.  385,  in 
which  the  portion  from  the  tail  of  the  tube  to  the  letter  a  consists 
of  pure  cupric  oxide  ;  that  from  a  to  h  of  the  mixture  ;  that  from 
6  to  c  of  the  rinsings  of  the  mortar,  and  the  pure  oxide.  The 
tube  having  been  closed  by  a  cork  is  to  be  tapped  gently  on  the 
table,  so  as  to  clear  the  tail-like  prolongation,  and  make  an  air- 
way above  the  oxide  from  end  to  end. 

2fz 
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Bunsen  has  introduced  some  slight  modifications  of  Liebig's  method  which 
are  very  convenient,  especially  for  hygroscopic  substances.  The  substance  to  be 
burnt  is  weighed  in  a  long  narrow  tube,  which  can  be  closed  by  a  cork  or  ground 
stopper,  and  from  which  it  is  transferred  directly  to  the  combustion  tube.  About 
4  inches  (10  centimetres)  of  oxide  are  introduced  into  the  latter,  the  compound 
to  be  burnt  is  then  poured  in  from  the  weighing  tube,  then  4  inches  more  of 
cupric  oxide.  In  order  thoroughly  to  mix  the  substance  with  the  oxide, 
the  two  are  stirred  up  together  in  the  combustion  tube  by  means  of  a  long  bright 
iron  wire,  having  one  end  pointed  and  twisted  like  a  corkscrew,  and  the  other 
bent  into  a  ring  to  serve  as  a  handle.  Finally  the  tube  is  filled  up  with  pure 
oxide  as  usual. 

The  drying  tube  e,  fig.  386,  having  been  accurately  weighed,  is 
next  to  be  fitted  to  the  caoutchouc  plug  or  dried  perforated  cork, 
and  connected  by  it  air-tight  to  the  tube  a  h  c.  The  combustion 
tube  is  now  placed  in  the  furnace,  and  the  potash  apparatus  /,  also 
previously  weighed,  is  attached  to  the  drying  tube  by  means  of  a 
connecting  piece  of  caoutchouc,  care  being  taken  that  the  largest 
bulb  is  on  the  arm  connected  with  the  drying  tube.  If  Liebig^s 
potash  bulbs  be  used  they  should  be  slightly  inclined  by  placing 
a  cork  under  the  end  of  the  horizontal  portion  nearest  the  open 
extremity.  Matters  being  thus  arranged,  the  next  thing  is  to 
ascertain  if  the  whole  apparatus  be  tight,  and  for  this  purpose  the 
air  in  the  large  bulb  is  to  be  gently  heated  so  as  to  expel  a  few 
bubbles  ;  if,  on  cooling,  the  liquid  rises  in  the  limb  and  maintains 
its  elevation  steadily  for  a  few  minutes,  the  combustion  may 
safely  be  begun.  A  screen  of  iron  plate  is  hung  over  the  end  of 
the  furnace  nearest  the  absorption  apparatus  to  protect  the  cork, 
care  being  taken  that  the  heat  never  rises  so  high  as  to  scorch  it, 
or  falls  so  low  as  to  allow  of  the  condensation  of  moisture  in  that 
part  of  the  tube  which  projects  from  the  furnace. 

The  portion  of  the  tube  nearest  the  cork,  where  the  pure 
cupric  oxide  lies,  is  first  heated ;  as  soon  as  it  is  red  hot  and  the 
escape  of  air  due  to  expansion  has  ceased,  about  an  inch  more  of 
the  tube  may  be  heated ;  when  this  has  become  red  hot,  heat  is 
applied  to  a  fresh  portion,  proceeding  gradually  and  slowly  in 
this  manner  to  heat  the  whole  length  of  the  tube.  When  the 
heat  reaches  the  rinsings  of  the  dish,  a  little  carbonic  anhydride 
and  aqueous  vapour  are  evolved,  but  as  soon  as  the  mixture  of  the 
substance  with  the  cupric  oxide  begins  to  decompose  the  gas 
comes  off  much  more  rapidly,  and  the  heating  should  be  so 
regulated  that  not  more  than  one  or  two  bubbles  pass  into  the 
potash  apparatus  in  a  second.  At  first  only  a  small  portion  of 
the  escaping  gas  is  absorbed,  but  when  the  substance  is  fairly 
undergoing  decomposition,  and  the  atmospheric  air  in  the  ap- 
paratus has  been  expelled,  the  gas  is  almost  entirely  taken  up  by 
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the  potassic  hydrate  solution.  Even  after  the  whole  tube  is  ignited, 
the  heat  must  be  continued  until  gas  ceases  to  be  disengaged. 
The  liquid  will  then  gradually  recede  into  the  large  bulb ; 
as  soon  as  this  is  observed,  the  gas  should  be  turned  off,  or  the 
charcoal  removed  from  the  tail  of  the  tube,  and  when  the  solu- 
tion of  potassic  hydrate  has  risen  sufficiently  to  fill  half  the  large 
bulb,  the  tip  of  the  tail  must  be  nipped  off ;  gentle  suction  is  now 
to  be  efifected  by  means  of  the  aspirator  or  the  mouth  adapted  to 
the  free  extremity  of  the  potash  apparatus  by  a  tube  of  vulcanized 
caoutchouc,  and  air  drawn  through  the  combustion  tube  in  order 
to  displace  the  carbonic  anhydride  and  aqueous  vapour  which  the 
apparatus  contains. 

If  the  combustion  tube  is  not  of  very  hard  glass,  and  it 
be  allowed  to  become  very  hot,  the  pressure  of  the  gas  may 
sometimes  be  sufficient  to  distend  the  tube,  and  even  to  blow 
a  hole  in  the  side.  This  necessarily  renders  the  experiment 
valueless,  and  in  order  to  avoid  such  a  mishap  it  is  advisable  to 
render  the  pressure  in  the  interior  of  the  combustion  tube  the 
same  as  that  of  the  atmosphere,  or  even  to  produce  a  partial 
vacuum.  This  is  easily  effected  by  means  of  an  aspirator,  a 
simple  form  of  which  is  represented  in  fig.  385 ;  /  is  a  tubulated 
bottle  filled  with  water,  and  connected  with  the  absorption  ap- 
paratus, h  k,  by  means  of  a  caoutchouc  tube ;  from  the  tubulure 
a  flexible  tube  passes  into  the  beaker  0,  placed  in  the  bottom  of 
a  funnel,  n,  supported  on  the  ring  of  a  tripod  stand,  by  which  it 
can  be  raised  or  lowered.  The  tube  m  serves  as  an  indicator  of  the 
amount  of  exhaust  produced  by  the  aspirator,  which  is  the  difference 
between  the  level  of  the  water  in  /  and  that  in  0,  or,  what  is  the 
same  thing,  the  difference  between  the  surface  of  the  water  in  the 
bottle  /  and  that  in  the  tube  m.  This  column  should  be  some- 
what greater  than  that  which  the  gas  has  to  overcome  in  passing 
through  the  liquid  in  the  potash  bulbs. 

Dumas  prefers  to  connect  the  extremity  of  the  combustion  tube  with  a  drying 
tube, and  tliis  again  with  a  receiver  containing  oxygen,  which  gas  is  careful!}^  driven 
over  the  contents  of  the  tube  in  the  manner  shown  in  a  former  volume,  fig. 
306,  Part  II ,  p.  123.  This  renders  the  operation  somewhat  more  complicated, 
but  it  is  more  exact,  especially  for  compounds  where  the  proportion  of  carbon  is 
great.  The  tube  for  supplying  oxygen  is  easily  adjusted  to  the  combustion  tube 
by  drawing  out  the  tail  horizontally  instead  of  obliquely,  and  fitting  it  on  by  a 
caoutchouc  connector,  care  being  taken  to  screen  the  junction  from  the  influence 
of  heat.  Instead  of  merely  completing  the  operation  by  passing  oxygen 
through  the  tube  in  the  manner  described,  it  is  very  convenient  when  many  com- 
bustions have  to  be  made  to  burn  the  substance  in  a  platinum  boat,  in  a  current 
of  oxygen,  as  shown  in  fig.  385.  For  this  purpose  the  combustion  tube  is  open 
at  both  ends,  one  end  being  connected  with  the  usual  absorption  apparatus,  h  k,  the 
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other  with  a  drying  apparatus,  consisting  of  a  series  of  tubes,  h,  containing 
soda  lime  or  potassic  hydrate,  and  the  bulb  c,  containing  sulphuric  acid,  through 
which  a  current  of  air  or  oxygen  can  be  transmitted  at  pleasure  from  tlie 
gasholder  a.  About  two-thirds  of  the  length  of  the  combustion  tube  nearest  the 
absorption  apparatus  is  filled  with  granular  cupric  oxide,  which  is  kept  in  its 
place  by  a  plug  of  asbestos.  The  substance  to  be  burnt  is  contained  in  a  platinum 
boat,  which  is  pushed  into  the  tube  close  to  the  asbestos  plug.  As  soon  as  the 
fore  part  of  the  tube  is  heated  to  redness,  and  the  heat  is  approaching  that  part 
where  the  platinum  boat  is  placed,  a  gentle  current  of  oxygen  is  passed,  and  the 
substance  cautiously  burnt.  When  this  is  completed  the  oxygen  is  turned  off, 
and  a  slow  current  of  atmospheric  air  passed  until  the  apparatus  is  cool.  With 
this  method  the  same  tube  wall  answer  for  several  combustions. 

The  absorption  apparatus  is  now  disconnected,  and  allowed  to 
cool.  In  about  an  hour  the  drying  tube  e  may  be  weighed  ;  one- 
ninth  of  the  gain  which  it  has  experienced  indicates  the  quantity 
of  hydrogen  contained  in  the  compound  analysed ;  the  potash 
apparatus  /,  is  also  to  be  weighed,  and  three-elevenths  of  what  it 
has  gained  shows  the  quantity  of  carbon.  The  deficiency  is 
reckoned  as  oxygen. 

The  cupric  oxide,  after  having  been  used  several  times,  re- 
quires to  be  re-oxidized  by  moistening  it  with  nitric  acid^  and 
igniting  it  as  before  described. 

In  cases  where  chlorine,  bromine,  iodine,  or  sulphur  is  pre- 
sent in  the  compound  to  be  analysed,  plumbic  chromate,  PbCrO^, 
may  be  advantageously  substituted  for  the  cupric  oxide,  as  chloride, 
bromide,  and  iodide  of  copper  are  somewhat  volatile,  and  would 
be  carried  by  the  current  of  gas  into  the  drying  tube,  whilst 
with  cupric  oxide  the  sulphur  present  would  pass  over  as  sul- 
phurous anhydride  into  the  potash  bulbs.  The  chromate  is  also 
useful  with  substances  difficult  of  combustion,  since  by  a  bright 
red  heat  alone  it  gives  ofi*  a  portion  of  its  oxygen  ;  moreover, 
it  has  the  advantage  of  being  less  hygroscopic  than  cupric 
oxide.  It  is  easily  prepared  by  precipitating  potassic  chromate 
or  dichromate  with  a  solution  of  plumbic  acetate,  and  should  be 
well  washed  and  heated  to  incipient  fusion  before  being  used  for 
analysis.  It  is  then  reduced  to  fine  powder,  and  employed  in 
the  same  way  as  cupric  oxide,  but  it  is  not  necessary  to  have  the 
combustion  tube  so  long,  and  the  anterior  portion  of  the  tube 
should  never  be  heated  higher  than  a  dull  red,  so  as  to  avoid 
fusing  the  chromate  there.  It  is  frequently  advantageous  to  mix 
the  substance,  especially  if  very  difficult  to  burn,  with  plumbic 
chromate  and' a  small  quantity  of  potassic  dichromate,  KgCr^Oy, 
which  fuses  readily  and  ensures  its  complete  combustion,  the  rest 
of  the  tube  being  filled  with  plumbic  chromate.  The  potassic 
dichromate   employed   for  this  purpose   should   always  be   care- 
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fully  recrystallized   to   make   certain   that   no   organic  matter  is 

present. 

(1035)  -^'^ci^ys^s  of  a  Liquid  not  containing  Nitrogen. — If  the  liquid  be 
volatile,  a  piece  of  tube  rather  less  than  a  quarter  of  an  inch  or  6  millirn.  in 
diameter  is  to  be  heated  in  the  blowpipe  flame,  and  drawn  out  into  a  capillary 
portion,  a,  fig.  387,  about  four  inches  (10  centimetres)  long  :  about  a  quarter  of 

Fig.  387. 


an  inch  below  this  the  tube  is  to  be  sealed,  and  the  little  piece  of  tube,  h,  thus 
left  connected  with  the  capillary  part,  heated  and  blown  into  a  small  bulb  about 
as  big  as  a  pea ;  this  is  to  be  cut  off,  leaving  a  capillary  neck  of  about  two 
inches  (5  centimetres)  long.  Having  made  a  sufticient  number  of  these  small 
bulbs,  two  of  them,  which  it  has  been  ascertained  will  freely  enter  the  combus- 
tion-tube, are  to  be  accurately  weighed  ;  a  little  of  the  liquid  to  be  analysed  is 
to  be  put  into  a  small  tube,  and  the  capillary  neck  of  the  bulbs  inverted  into  the 
liquid.  The  bulbs  are  then  to  be  warmed  by  the  flame  of  a  spirit-lamp,  so  as 
to  expand  and  drive  out  a  portion  of  the  air ;  on  cooling,  the  liquid  will  enter 
the  bulbs,  which  should  be  about  three-fourths  filled.  The  necks  are  now  to 
be  sealed  by  the  blowpipe  flame,  and  the  bulbs  again  weighed  ;  the  increase  of 
weight  gives  the  quantity  of  the  liquid  which  is  to  be  analysed.  The  cupric 
oxide  having  been  heated  and  allowed  to  cool  with  the  usual  precautions,  about 
an  inch  and  a  half  (36  millimetres)  of  the  combustion  tube  is  to  be  filled  with 
pure  oxide ;  next  a  scratch  is  to  be  made  with  a  file  or  knife  a<:ross  the  capillary 
neck  of  one  of  the  bulbs,  and  the  bulb  having  been  placed  in  the  tube,  the  neck 
is  to  be  broken  by  pressure  against  the  glass,  and  the  broken  portion  of  the  neck 
to  be  dropped  in  with  the  bulb  ;  dried  cupric  oxide  is  then  to  be  poured  in  to 
the  depth  of  two  inches  more ;  the  second  bulb  is  to  be  introduced  in  the  same 
manner  as  the  first,  and  tiie  tube  is  to  be  filled  up  with  oxide ;  after  which  it  is 
to  be  corked  and  struck  smartly  upon  its  side  on  the  table,  to  secure  free  air-way. 
The  absorption  apparatus  is  now  attached  and  the  combustion  tube  adjusted  in 
the  furnace,  and  the  first  half  of  the  tube  gradually  heated ;  when  this  is  red- 
hot,  the  liquid  must  be  volatilized  by  cautiously  heating  the  part  of  the  tube 
where  the  nearest  bulb  lies,  taking  especial  care  not  to  raise  the  temperature  too 
rapidly :  when  by  degrees  all  the  liquid  in  the  first  bulb  has  been  expelled,  the 
other  is  to  be  proceeded  with  in  like  manner ;  the  whole  length  of  the  tube  is 
finally  heated,  and  the  gases  are  driven  out  of  the  apparatus  by  means  of  a  cur- 
rent of  oxygen  in  the  manner  already  described. 

This  precaution  is  necessary  with  substances  which  contain  a  relatively  large 
proportion  of  carbon,  as  they  would  otherwise  escape  complete  combustion. 
Instead  of  employing  oxygen  gas,  some  finely  pulverized,  carefully  dried 
potassic  chlorate  may  be  mixed  with  about  four  times  its  weight  of  cupric  oxide, 
and  about  an  inch  of  the  combustion  tube  near  a  (fig.  386)  may  be  filled  with  it ; 
the  tail-like  prolongation  may  in  this  case  be  dispensed  with.  At  the  close  of  the 
operation,  instead  of  sucking  air  through  the  apparatus,  heat  is  to  be  very 
cautiously  applied  to  the  chlorate ;  the  oxygen  that  is  evolved  burns  the  last 
traces  of  carbon  and  displaces  the  gas  and  aqueous  vapour  contained  in  the 
tubes.  The  heat  must  not  be  too  suddenly  applied,  for  if  it  be,  a  portion  of  the 
chlorate  is  apt  to  be  carried  forward  mechanically,  a  circumstance  which  consti- 
tutes the  chief  objection  to  its  use. 
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If  the  liquid  be  not  volatile  it  may  be  weighed  in  a  small  tube  the  weight 
of' which,  when  empty,  is  known,  and  after  the  tube  with  its  contents  has  been 
introduced  into  the  combustion  tube,  the  liquid  is  to  be  distributed  over  the  sides  of 
this  tube  ;  or  it  may  be  weighed  in  bulbs  like  volatile  liquids,  and  these  after  their 
introduction  into  the  combustion  tube,  are  crushed  by  dropping  on  them  a  short 
pointed  piece  of  glass  rod  about  an  inch  long,  subsequently  filling  in  the  cupric 
oxide  in  the  usual  manner. 

(1036)  Analysis  of  a  Body  containing  Nitrogen. — The  presence 
of  nitrogen  in  an  organic  compound  may  generally  be  ascertained 
by  mixing  a  small  quantity  of  it  with  some  solid  potassic  hydrate, 
and  heating  it  in  a  test  tube  :  if  nitrogen  be  present,  vapours  of 
ammonia  will  be  evolved.  The  nitrogen  in  certain  organic 
substances,  however,  cannot  be  readily  detected  in  this  manner  : 
for  instance,  in  cyanogen  compounds,  nitro-substitution  com- 
pounds, and  such  bodies  as  indigo  and  the  alkaloids  which  yield 
volatile  organic  bases  by  the  action  of  an  alkali.  The  best  method 
in  these  cases  is  to  heat  some  of  the  compound  under  examination 
with  metallic  sodium.  A  violent  action  usually  takes  place, 
accompanied  by  deposition  of  carbon,  whilst  the  nitrogen  and  a 
portion  of  the  carbon  combines  with  the  sodium,  forming  sodic 
cyanide.  On  dissolving  the  product  in  water,  filtering,  and  adding 
a  tew  drops  of  a  mixed  solution  of  ferric  and  ferrous  sulphates, 
potassic  ferrocyanide  is  formed.  The  addition  of  an  excess  of 
hydrochloric  acid  dissolves  the  precipitated  oxide  of  iron,  which 
now  forms  Prussian  blue  with  the  ferrocyanide.  The  presence  of 
very  small  quantities  of  nitrogen  can  be  ascertained  by  these 
means. 

When  nitrogen  is  present,  two  separate  analyses  are  required  : 
the  first,  to  determine  the  proportion  of  carbon  and  hydrogen  ; 
and  the  second,  to  ascertain  the  amount  of  nitrogen.  In  making 
a  determination  of  the  carbon  and  hydrogen  in  bodies  containing 
nitrogen  by  burning  them  with  cupric  oxide,  a  variable  proportion 
of  the  lower  oxides  of  nitrogen  is  formed,  which  being  absorbed 
by  the  calcic  chloride,  or  by  the  potassic  hydrate,  would  render  the 
analysis  incorrect.  A  slight  variation  in  the  method  employed  be- 
comes necessary  in  order  to  prevent  this.  The  combustion  tube  must 
be  longer  than  when  there  is  no  nitrogen  present,  and  should  be 
charged  as  usual  to  within  6  inches  (15  centimetres)  of  the 
opening,  finally  introducing  about  4  inches  (10  centimetres)  of 
copper  turnings,  or  a  roll  of  fine  copper  wire  gauze  of  the  same 
length.  The  copper,  just  before  being  used,  should  be  heated 
to  redness  in  the  air,  and  then  reduced  in  a  current  of  hydrogen. 
The  apparatus  having  been  arranged  as  before  directed,  the  copper 
turnings  are  to    be  brought  to  a  full  red-heat,  and  the  analysis 
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cautiously  conducted  in  the  ordinary  manner.  As  the  oxides  of 
nitrogen  pass  slowly  over  the  ignited  copper  they  are  decom- 
posed, the  oxygen  combining  with  the  copper,  whilst  the  nitrogen 
escapes.  The  amount  of  carbon  and  hydrogen  is  determined 
exactly  as  in  the  method  previously  described. 

(1037)  Method  of  Varrentrapp  and  Will. — A  very  accurate 
method  for  ascertaining  the  proportion  of  nitrogen  is  that  devised 
by  Varrentrapp  and  Will ;  the  fundamental  fact  upon  which  it  is 
based  being  the  observation  of  Gay-Lussac  that  most  azotized 
matters,  when  heated  with  a  large  excess  of  potassic  or  sodic 
hydrate,  give  off  the  whole  of  the  nitrogen  in  the  form  of 
ammonia.  In  order  to  render  this  method  available  for  the 
purposes  of  analysis,  the  subjoined  precautions  are  requisite 

A  mixture  of  two  parts  of  quicklime  and  one  of  sodic  hydrate 
is  prepared  by  slaking  well-burned  lime  with  the  necessary  quantity 
of  a  solution  of  sodic  hydrate,  and  evaporating  the  whole  to 
dryness  ;  the  mass  is  then  ignited,  pulverized  as  quickly  as  possible, 
and  transferred  to  well-closed  bottles,  in  order  to  exclude  car- 
bonic acid  and  moisture.  A  mixture  of  equal  parts  of  sodic 
carbonate  and  of  slaked  lime  answers  even  better,  and  is  much 
less  troublesome  to  prepare  than  the  above  ;  sodic  carbonate  for 
this  purpose  being  easily  obtained  by  heating  the  commercial 
"bicarbonate  "  until  it  ceases  to  give  off  aqueous  vapours  (S.  W. 
Johnson,  Ann.  Chem.  Pharm,  clxix.  69). 

When  an  analysis  has  to  be  made,  the  substance  under  exami- 
nation is  intimately  mixed  in  a  glass  dish  or  warm  mortar  with  a 
portion  of  this  alkalized  lime,  or  soda-lime  as  it  is  generally  termed, 
in  a  manner  similar  to  that  already  described  for  the  deter- 
mination of  the  carbon  and  hydrogen  in  a  compound.  In  this 
case,  however,  it  is  not  necessary  to  be  so  careful  in  avoiding 
the  absorption  of  moisture  during  the  operation  of  filling  the 
tube. 

The  mixture  having  been  introduced  into  the  combustion 
tube,  a  plug  of  asbestos  which  has  been  recently  ignited  is  inserted 
in  order  to  prevent  any  of  tne  mixture  being  carried  forward 
mechanically  into  the  apparatus  through  which  the  gases  are 
made  to  pass.  On  heating  the  combustion  tube  in  the  ordinary 
way,  and  with  the  usual  precautions,  the  substance  is  decomposed, 
and  the  whole  of  the  nitrogen  escapes  as  ammonia.  The  drying- 
tube  and  the  potash  apparatus  are  not  used,  but  the  ammonia  is 
collected  in  a  bulb-tube  of  the  form  represented  at  /,  fig.  388, 
which  is  connected  air-tight  with  the  combustion  tube  by 
means  of  a  good  cork.      The  bulbs  /  are    charged  with  hydro- 
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chloric  acid  of  sp.  gr.  I'l  which  has  been  previously  tested   and 
found  to  he  free  from  ammonia. 

Fig.  ^88.  When  the  operation  is  complete, 

absorption  will  take  place,  and  the 
liquid  will  rise  in  the  bulb  nearest 
the  fire ;  at  this  moment  the  tail  of 
the  combustion  tube  should  be  nipped 
off,  and  air  carefully  drawn  through 
the  apparatus  in  the  usual  way. 
When  the  combustion  is  completed, 
the  contents  of  the  bulb-tube  are 
to  be  emptied  into  an  evaporating 
dish,  and  the  bulbs  washed  out  several 
times  with  water  ;  solution  of  platinic 
chloride  is  then  added  in  excess,  and 
the  whole  evaporated  to  dryness  on  a 
water-bath.  The  residue  when  dry  is  digested  with  a  mixture 
of  two  parts  of  alcohol,  sp.  gr.  0'833,  and  one  of  ether,  which 
dissolves  the  excess  of  platinic  chloride,  and  leaves  the  double 
chloride  of  platinum  and  ammonium  in  a  crystalline  form  :  this 
is  now  collected  on  a  weighed  filter,  and  thoroughly  washed  with 
the  mixture  of  alcohol  and  ether.  The  precipitate  and  filter  may 
be  dried  at  100°  (2i:j°F.),  and  the  amount  of  nitrogen  calculated 
from  the  observed  weight  of  the  ammonic  platinic  chloridC;  446*1 
parts  of  which  correspond  to  28  of  nitrogen,  or  100  parts  to 
6- 277  of  nitrogen.  As,  however,  in  some  instances,  volatile 
bases  other  than  ammonia  are  produced  during  the  combustion 
of  nitrogenous  organic  compounds,  and  these  also  form  double 
salts  with  platinic  chloride  and  hydrochloric  acid,  a  source  of 
error  would  be  introduced  if  the  amount  of  nitrogen  were  cal- 
culated from  the  weight  of  the  dry  double  salt.  It  is  therefore 
always  advisable  to  ignite  this,  and  calculate  the  nitrogen  from 
the  weight  of  the  residual  metallic  platinum,  197'!  of  which 
correspond  to  28  of  nitrogen,  or  100  to  j  4*206  of  nitrogen. 
Instead  of  collecting  the  ammonia  in  hydrochloric  acid,  it  may 
be  condensed  in  a  known  volume  of  standard  sulphuric  acid,  or 
solution  of  oxalic  acid.  About  150  grains,  or  10  c.c.  of  an  acid 
of  which  100  parts  will  neutralize  1*7  parts  by  weight  of 
ammonia,  will  answer  the  purpose.  The  acid  liquor  is  then  to 
be  washed  out  of  the  bulbs  /,  diluted,  and  carefully  neutralized 
by  means  of  a  corresponding  standard  solution  of  sodic  hydrate. 
Bv  this  means  the  amount  of  acid  which   has   been  neutralized 
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by  the  ammonia  is  ascertained,  and   the  nitrogen  present  in  the 
substance  burnt  can  easily  be  calculated  from  it. 

(1038)  Method  of  Dumas. — The  foregoing  method  of  deter- 
mining nitrogen  answers  for  nearly  all  cases  excepting  those  in 
which  the  element  occurs  in  a  cyanide  or  a  nitro- substitution 
compound,  when  it  must  be  determined  by  volume,  and  its  weight 
thence  deduced.  For  this  purpose  the  process  of  Dumas  is  the 
most  trustworthy  : — A  combustion  tube  of  about  30  inches 
(75  centimetres)  long  is  employed,  not  drawn  out  into  a  tail,  but 
sealed  with  a  rounded  extremity;  about  6  inches  (15  centi- 
metres) of  the  tube  are  filled  with  dry  hydric  sodic  carbonate, 
NaliCOg,  then  an  inch  or  two  of  pure  cupric  oxide;  after  this 
the  mixture  of  the  substance  with  cupric  oxide  is  added,  and 
covered  as  usual  with  a  layer  of  pure  oxide,  finally,  the  last 
3  or  4  inches  of  the  tube  are  filled  with  clean  copper,  as  already 
directed,  with  a  view  of  decomposing  any  oxides  of  nitrogen 
which  might  be  formed.  Instead  of  hydric  sodic  carbonate,  a 
mixture  of  equal  molecular  weights  of  dried  sodic  carbonate  and 
potassic  dichromate  may  be  employed,  which  has  the  advantage 
of  giving  off  carbonic  anhydride  free  from  aqueous  vapour  when 
heated.  It  is,  however,  unnecessary  to  be  particular  in  excluding 
moisture  whilst  filling  the  tube. 

After  gently  tapping  the  tube  so  as  to  make  an  air-way  over  the 
cupric  oxide,  it  is  connected  with  a  bent  delivery  tube  g,  fig.  388, 
and  placed  in  the  combustion  furnace,  the  end  of  the  delivery 
tube  dipping  into  a  small  mercurial  trough.  About  2  inches 
(5  centimetres)  of  the  closed  end  of  the  tube  are  now  heated, 
when  a  portion  of  the  carbonate  is  decomposed,  and  the  evolved 
carbonic  anhydride  gradually  expels  the  air  from  the  tube.  In  a 
short  time  it  will  be  found  that  the  gas  escaping  from  the  delivery 
tube  is  completely  absorbed  when  passed  up  into  a  solution  of 
potassic  hydrate  contained  in  an  inverted  test  tube,  and  consists, 
therefore,  of  pure  carbonic  anhydride.  A  graduated  cylinder 
filled  one-third  with  a  concentrated  solution  of  potassic  hydrate 
and  two-thirds  with  mercury  is  now  inverted  over  the  delivery 
tube,  and  the  combustion  proceeded  with  in  the  usual  way,  com- 
mencing at  the  copper  turnings. 

When  the  part  of  the  combustion  tube  containing  the  matter 
for  analysis  is  red-hot  throughout  its  entire  extent,  heat  is  gradually 
applied  to  the  carbonate  still  remaining  undecomposed,  and  the 
last  portions  of  gas  furnished  by  the  combustion  are  driven  into 
the  receiver  by  the  carbonic  anhydride  which  is  disengaged. 
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The  products  of  the  combustion  are  water,  carbonic  anhy- 
dride, and  nitrogen  ;  the  two  former  are  retained  by  the  solution 
of  potassic  hydrate,  and  the  nitrogen  remains  in  the  graduated 
cylinder  in  the  gaseous  state.  The  tube  is  now  transferred  to  a 
deep  vessel  of  water,  allowing  the  mercury  to  fall  out  and 
become  replaced  by  the  water.  It  is  then  adjusted  so  that  the 
level  of  the  liquid  inside  and  outside  the  tube  are  the  same, 
and  after  allowing  it  to  stand  for  an  hour  or  two,  in  order  that  the 
whole  apparatus  may  be  of  the  same  temperature  as  the  atmo- 
sphere, the  height  of  the  barometer  and  thermometer  must  be 
carefully  noticed,  and  since  the  gas  will  be  saturated  with 
moisture,  its  volume  must  be  corrected  for  temperature,  pressure, 
and  aqueous  vapour.  As  a  litre  of  dry  nitrogen  at  o®  C.  and 
760  mm.  barometric  pressure  weighs  1*25616  grm.,  or  100  cubic 
inches  of  nitrogen  at  60°  F.  and  under  a  pressure  of  30  inches  of 
mercury  weigh  30*137  grains,  it  is  easy  to  calculate  the  weight 
of  the  known  volume  of  nitrogen,  and  consequently  the  propor- 
tion of  that  element  present  in  the  compound  analysed. 

(1039)  Method  of  Relative  Volumes. — When  the  quantity  of  nitrogen 
present  is  not  less  than  one-fourth  of  the  weight  of  the  carbon  contained  in  the 
compound,  its  proportion  may  be  determined  by  conducting  the  combustion  just 
as  if  we  were  going  to  ascertain  the  proportion  of  carbon  and  hydrogen  ;  but, 
instead  of  condensing  the  carbonic  anhydride  and  weighing  it,  the  evolved  gases 
are  collected  over  mercury.  A  beut  gas-delivering  tube,  g,  fig.  388,  is  used  in- 
stead of  the  usual  apparatus  for  the  absorption  of  water  and  carbonic  anhydride. 
In  this  case,  as  soon  as  the  fore  part  of  the  tube  containing  the  metallic  copper 
and  pure  oxide  is  red  hot,  the  combustion  of  the  substance  should  be  commenced 
at  the  closed  extremity  of  the  tube,  so  as  to  expel  the  atmospheric  air  by 
means  of  a  portion  of  gas  generated  from  the  substance.  The  remainder  is 
collected  in  successive  portions  in  several  graduated  tubes,  and  by  agitating  the 
gas  in  each  of  these  with  a  solution  of  potash,  the  proportion  of  nitrogen  to  the 
carbon  can  be  at  once  determined,  since  equal  volumes  of  carbonic  anhydride  and 
nitrogen  represent  equal  atomic  proportions  of  carbon  and  nitrogen.  It  is 
not  necessary  in  this  case  to  weigh  accurately  the  quantity  of  material  em- 
ployed. 

Experience  has  shown  that  in  the  preceding  processes  for 
organic  analysis,  the  quantity  of  hydrogen  deduced  from  the  results 
is  always  slightly  in  excess,  usually  from  O'l  to  0*2  parts  in  100  ; 
whilst  unless  oxygen  or  plumbic  chromate  be  employed,  the 
carbon  is  sometimes  deficient  to  the  same  extent.  A  deficiency 
of  carbon  also  occurs  if  the  ash  contains  carbonates  of  the  metak- 
of  the  alkalies  or  of  the  earths. 

(1040)  Determination  of  Sulphur,  Phosphorus,  and  Arsenicum, 
— One  of  the  methods  employed  for  ascertaining  the  amount  of 
sulphur  in   an   organic  compound,  consists   in   mixing  i  part  of 
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the  substance  for  analysis  with  lo  parts  of  nitre,  2  of  dried 
sodic  carbonate,  and  30  of  pure  sodic  or  potassic  chloride,  and 
heating  the  mass  to  redness  in  a  tube  of  hard  glass.  The 
sulphur  is  thus  converted  into  sulphate.  The  object  of  adding 
the  sodic  chloride  is  simply  to  moderate  the  violence  of  the 
deflagration.  The  residue  is  dissolved  in  water  slightly  acidified 
with  hydrochloric  acid,  and  the  sulphuric  acid  is  then  determined 
in  the  usual  way  by  precipitation  with  baric  chloride.  If  phos- 
phorus or  arsenicum  be  present,  it  will  remain  in  the  acid  liquor 
in  the  form  of  phosphoric  or  arsenic  acid.  Its  amount  may  be 
determined  by  adding  sulphuric  acid  in  order  to  throw  down  the 
excess  of  barium  salt ;  then  filtering,  supersaturating  with  am- 
monia, and  adding  an  ammoniacal  solution  of  magnesic  sulphate  : 
the  phosphoric  or  arsenic  acid  is  precipitated  as  ammonic 
magnesic  phosphate  or  arseniate,  and  can  be  collected  in  the 
usual  manner.  The  sulphur  in  organic  compounds  may  also  be 
determined  by  burning  them  in  a  combustion  tube  with  a  mix- 
ture of  mercuric  oxide  and  pure  sodium  carbonate  in  a  manner 
similar  to  that  employed  for  the  estimation  of  nitrogen  by 
Varrentrapp  and  Will's  method.  A  little  pure  oxide  of  mercury 
is  introduced  into  the  closed  end  of  the  tube,  which  is  heated  at 
the  completion  of  the  operation  so  as  to  pass  a  current  of  oxygen 
through  the  tube  to  insure  the  complete  oxidation  of  the  sulphur 
to  sulphate.  The  contents  of  the  tube,  when  cold  are  dissolved  in 
water  and  the  amount  of  sulphuric  acid  produced  estimated  in 
the  usual  way. 

Another  method,  and  one  less  liable  to  error,  consists  in  sealing 
up  the  substance  in  a  tube  with  strong  nitric  acid  of  sp.  gr.  t^2 
and  heating  it  from  four  to  twenty-four  hours  at  150°  to  20C° 
(302  to  392°  F.)  ;  the  amount  of  sulphate  can  then  be  determined 
in  the  usual  way,  and  the  phosphate  or  arseniate  after  neutraliza- 
tion with  ammonia. 

When  sulphur  is  present,  certain  precautions  are  necessary 
to  prevent  error  in  the  estimation  of  the  amount  of  carbon,  since 
a  portion  of  the  sulphur  becomes  converted  during  the  process  of 
combustion  with  cupric  oxide  into  sulphurous  anhydride,  and  this 
would  be  condensed  by  the  potassic  hydrate  along  with  the  carbonic 
anhydride,  which  would  then  be  estimated  in  excess.  This 
may  be  avoided  by  interposing  a  short  tube  tilled  with  plumbic 
peroxide  between  the  tube  of  calcic  chloride  and  the  potash  bulbs  ; 
the  sulphurous  anhydride  is  by  this  means  absorbed,  uniting  with 
the  plumbic  peroxide  and  forming  plumbic  sulphate,  PbO„H-SO.^ 
becoming  PbSO^ :    it  is  far  better,  however,    to    employ   plumbic 
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chromate  instead  of  cupric  oxide,  when  the  sulphur  is  retained  as 
plumbic  sulphate. 

(1041)  Determination  of  Chlorine,  Bromine,  and  Iodine. — 
When  a  substance  containing  chlorine  is  burnt  with  cupric  oxide, 
cuprous  chloride  is  formed  and  would  be  carried  forward  into  the 
chloride  of  calcium  tube  and  condensed  there ;  moreover,  if  a 
current  of  oxygen  is  u  sed,  free  chlorine  is  obtained  which,  passing 
into  the  potash  apparatus,  would  be  absorbed  there  and  render 
the  analysis  valueless.  These  sources  of  error,  however,  may  be 
entirely  avoided  by  introducing  a  coil  of  silver  foil  2  or  3  inches 
long  (5  to  8  centimetres)  into  the  anterior  portion  of  the  tube, 
which  retains  the  chlorine  as  argentic  chloride.  Even  when 
plumbic  chromate  is  used,  it  is  always  advisable  to  employ  the 
silver  foil,  especially  Avith  substances  containing  a  large  percentage 
of  chlorine.  These  remarks  apply  equally  to  organic  compounds 
containing  bromine  or  iodine.  If  the  quantity  of  chlorine,  or  of 
any  other  halogen,  is  to  be  estimated,  the  substance  for  analysis 
is  mixed  with  about  10  times  its  weight  of  pure  lime,  and 
introduced  into  a  narrow  tube  of  Bohemian  glass  10  or  12 
inches  (25  or  30  centim.)  long,  and  sealed  at  one  end.  The 
tube  is  filled  up  with  fragments  of  pure  lime,  and  gradually 
brought  to  a  red  heat,  commencing  at  the  open  extremity.  When 
the  combustion  is  complete,  and  the  tube  cold,  its  contents  are 
transferred  to  a  beaker  containing  distilled  water,  afterwards 
carefully  washing  out  the  tube,  first  with  water  and  then  with 
dilute  nitric  acid.  Nitric  acid  is  now  cautiously  added  to  the 
mixture  until  the  lime  is  dissolved,  taking  care  only  to  employ  a 
slight  excess  of  nitric  acid,  alter  which  the  liquid  is  filtered, 
and  the  chlorine,  iodine,  or  bromine  precipitated  by  means  of 
argentic  nitrate. 

The  determination  of  these  elements  may  also  be  very  readily 
made  by  the  method  proposed  by  Carius  [Deut.  Chtm.  Ges.  Ber.,  III. 
697)  of  heating  the  compound  with  nitric  acid  and  silver  nitrate 
in  a  sealed  tube,  to  a  high  temperature,  in  a  manner  similar  to  that 
already  described  for  the  estimation  of  sulphur.  The  substance  to 
be  analysed  is  enclosed  in  a  weighed  glass  bulb,  which  is  broken 
after  it  is  sealed  up  along  with  the  nitric  acid.  The  argentic 
chloride  produced  is  collected  and  weighed  along  with  the  broken 
bulb,  the  weight  of  the  latter  being  subtracted  afterwards  i\.s 
however  the  glass  of  which  the  bulbs  are  made  may  be  partially 
dissolved  by  the  nitric  acid,  which  would  tend  to  diminish  the 
apparent  amount  of  the  halogen,  it  is  better,  in  order  to  avoid 
this  source  of  error,  to  place  the  substance  in  a  short  piece  of 
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glass  tube  sealed  at  one  end  and  closed  by  a  ground  stopper, 
instead  of  enclosing  it  in  a  glass  bulb.  After  the  operation  is 
over,  it  is  easy  to  separate  the  argentic  compound  from  the 
tube  and  stopper.  The  results  obtained  with  iodine  compounds 
are  generally  too  low,  in  some  instances  as  much  as  i  per  cent. 
According  to  Linnemanu,  this  is  probably  due  to  the  solubility 
of  argentic  iodide  in  an  acid  solution  of  argentic  nitrate. 

(1042)  Determination  of  other  Eietnents. — The  other  elements 
occasionally  met  with  in  organic  substances  are  determined  by 
the  ordinary  methods,  but  it  is  generally  necessary  to  oxidize 
or  incinerate  the  substance  in  the  first  place.  This  operation 
should  always  be  performed  at  a  low  temperature,  which  need 
not  exceed  a  barely  visible  red,  as  otherwise,  if  alkaline  chlorides 
be  present  they  would  be  partially  volatilized. 

General  Remarks  on  the  Disceimination  of  the  Gases. 

(1043)  The  principal  bodies  which  are  gaseous  at  the  mean  temperature  of 
the  atmosphere  are  about  35  in  number.  Several  of  these  compounds  are  met 
with  in  the  uncombined  ibrm  in  the  atmosphere,  either  uniformly,  or  under 
particular  circumstances  not  of  unfrequent  occurrence  ;  these  gases  are  oxygen, 
nitrogen,  carbonic  and  sulphurous  anhydrides,  hydrosalphuric  acid,  ammonia,  and 
occasionally  carbonic  oxide  and  methane  or  methylic  hydride.  Generally  speak- 
ing, the  different  gases,  when  pure,  are  readily  distinguished  from  each  other  by 
some  well-marked  physical  or  chemical  property.  The  few  gases  which  are 
coloured  are  at  once  indicated  by  the  peculiarity  of  their  tint,  conjoined  with 
their  characteristic  odour :  in  this  manner  peroxide  of  nitrogen,  chlorine, 
hypochlorous  and  chlorous  anhydride,  chloric  peroxide,  and  vapour  of  bromine 
are  at  once  recognised. 

Many  gases  have  a  peculiar  and  characteristic  odour.  Some  of  the  most  im- 
portant, however,  including  oxygen,  nitrogen,  hydrogen,  carbonic  anhydride,  car- 
bonic oxide,  methane  or  light  carburetted  hydrogen,  ethylene  or  olefiant  gas,  and 
nitrous  oxide  possess  little  or  no  odour,  and  require  other  means  for  discriminating 
them  from  each  other. 

(1044)  In  order  to  aid  the  operator  in  distinguishing  the  different  gases 
from  each  other,  Thenard  divided  them  into  four  groups,  the  arrangement  beino- 
dependent  upon  the  action  of  a  solution  of  potassic  hydrate  upon  them, 
conjoined  with  the  occurrence  or  the  absence  of  combustion  on  the  application  of 
a  lighted  match  to  the  gas.  The  experiment  is  made  by  admitting  a  few  drops 
of  a  solution  of  potassic  hydrate  into  a  test-tube  filled  with  the  gas,  and  standing 
over  mercury  :  on  agitating  the  contents  of  the  tube,  it  is  immediately  obvious 
whether  any  absorption  occurs.  The  application  of  a  lighted  match  to  another 
small  tube  filled  with  the  gas  shows  whether  it  be  inflammable,  or  whether 
it  extinguishes  or  supports  combustion. 

The  four  groups  of  gases  which  are  distinguished  by  the  application  of  these 
tests  are  the  following  : — 

1.  Gases  which  are  absorbable  by  potassic  hydrate,  but  which  are   not 

inflammable. 

2.  Gases  absorbable  by  potassic  hydrate,  but  which  are  inflammable. 

3.  Gases  not  absorbable  by  potassic  hydrate,  and  not  inflammable. 

4.  Gases  not  absorbable  by  potassic  hydrate,  which  are  inflammable. 
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We  proceed  to  point  out  briefly  the  characters  of  the  memhers  of  each 
group. 

(1045)  I. —  Gases  which  are  ahsorhahle  by  Potassic  hydrate,  hut  are 
not  injlammahle  ;  these  are  15  in  number  : — viz., 


I. 

Hydrochloric  acid 

9- 

Nitrous  anhydride 

2. 

Hydrobromic  acid 

10. 

Chloric  peroxide 

3- 

Hydriodic  acid 

TI. 

Chlorous  anhydride 

4- 

Silicic  fluoride 

12. 

Hypochlorous  anhydride 

5- 

Boric  fluoride 

13- 

Chlorine 

6. 

Boric  ciiloride 

14. 

Carbonic  anhydride 

7. 

Carbonic  ox}  dichloride 

15- 

Cyanic  chloride. 

8. 

Sulphurous  anhydride 

Of  these  gases  each  of  the  first  eleven  reddens  litmus-paper,  when  moist- 
ened and  plunged  into  it.  Hypochlorous  anhydride  and  chlorine  destroy 
its  colour,  and  bleach  it  entirely.  Carbonic  anhydride  is  nearly  without  action, 
and  cyanic  chloride  produces  no  effect  upon  its  colour.  The  first  six  gases  fume 
strongly  when  mixed  with  the  air,  owing  to  their  action  on  the  moistflre  which 
it  contains  :  the  solutions  in  water  of  hydrochloric,  hydrobromic,  and  hydriodic 
acids  are  immediately  distinguished  by  the  usual  tests  for  them.  Each  gas  also 
presents  certain  peculiarities — viz  ,  i. — A  small  quantity  of  chlorine  produces 
no  change  in  the  hydrochloric  acid  ;  2. — In  hydrobromic  acid  it  occasions  the 
separation  of  red  fumes  of  bromine;  and  3. — In  hydriodic  acid  violet  fumes 
of  iodine  appear.  4. — Silicic  fluoride  is  recognised  by  the  gelatinous  deposit  of 
silica  which  water  produces  when  the  gas  is  brought  in  contact  with  this  liquid. 
5. — Boric  fluoride  produces  a  gelatinous  precipitate  in  a  solution  of  potassic 
hydrate,  but  not  in  pure  water.  6. — Boric  chloride  is  decomposed  by  water  into 
hydrochloric  and  boracic  acids,  which  may  be  recognised  in  the  solution  bj^  the 
appropriate  tests.  7. — Carbonic  oxydichloride  has  a  peculiar,  pungent  odour, 
and  is  decomposed  by  water  into  hydrochloric  acid  and  carbonic  anhydride. 
8. — Sulphurous  anhydride  is  imuiediately  recognised  by  the  suffocating  odour  of 
burning  sulphur  :  it  is  absorbed  by  plumbic  peroxide,  and  a  white  plumbic 
sulphate  is  formed.  9. — Nitrous  anhydride  is  sufliciently  characterized  by  its 
colour  and  peculiar  odour ;  and  10. — The  same  maj'  be  remarked  of  chloric  peroxide. 
II. — Chlorous  anhydride  has  a  greener  tinge  than  the  chloric  peroxide,  and 
it  yields  a  bright  yellow  solution  when  dissolved  in  water.  12. — Hypochlorous 
anhydride  has  the  odour  of  the  bleaching  compounds  of  chlorine  with  the 
alkalies  and  earths,  and  it  rapidly  destroys  vegetable  colours  :  these  three  oxides 
of  chlorine  detonate  by  the  application  of  a  temperature  below  that  of  boiling  water. 
13. — Chlorine  is  distinguished  by  its  greenish  yellow  colour  and  remarkable 
odour,  by  its  bleaching  action  on  vegetable  colours,  and  by  its  sparing  solubility 
in  water,  which  only  takes  up  about  twice  its  bulk  of  the  gas.  14. — Carbonic 
anhydride  extinguishes  flame,  renders  lime-water  turbid,  and  is  soluble  in  about 
its  own  bulk  of  water.  15. — Cyanic  chloride  is  recognised  by  its  pungent 
odour,  and  its  peculiarly  irritating  effect  on  the  eyes. 

(1046)  2. —  Gases  ahsorhahle  by  Potassic  hydrate  and  injiaminable  ;  these 
are  only  4  in  number : — viz., 

3.  Telluretted  hydrogen 

4.  Cyanogen. 


1.  Sulphuretted  hydrogen 

2.  Seleniuretted  hydrogen 


These  gases  are  recognised  with  great  facility,  i. — Sulphuretted  hydrogen 
has  a  peculiar  odour  of  putrid  eggs ;  it  burns  with  a  blue  flame,  often  attended 
with  a  deposit  of  sulphur  ;  it  blackens  paper  soaked  in  a  solution  of  plumbic 
acetate,  and  is  decomposed  by  moist  chlorine,  with  separation  of  sulphur ;   water 
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dissolves  about  twice  its  bulk  of  the  gas.  1. — Seleniuretted  hydrogen  has  an 
odour  analogous  to  that  of  the  preceding  gas  ;  its  aqueous  solution  gradually  de- 
posits selenium  in  the  form  of  a  red  amorphous  precipitate ;  it  precipitates  salts 
of  zinc  of  a  flesh-red  colour.  3. — Telluretted  hydrogen  is  also  decomposed  by 
chlorine,  tellurium  being  set  free,  and  subsiding  as  a  brown  powder.  4. — Cya- 
nogen burns  with  a  rose-edged  purple  flame  ;  it  has  a  penetrating  characteristic 
odour.  If  mixed  with  an  equal  volume  of  oxygen,  and  a  red-hot  platinum  wire 
be  suspended  in  the  mixture,  red  nitrous  fumes  are  produced  by  the  oxidation  of 
the  nitrogen  contained  in  the  gas. 

(1047)  3. — Gases  not  ahsorhahle  hy  JPotassic  hydrate  and  not  inflammable; 
of  these  also  there  are  four — viz., 


1.  Oxygen 

2.  Nitrous  oxide 


Nitrogen 
Nitric  oxide. 


I. — Oxygen  is  at  once  distinguished  from  all  other  gases  by  its  property  of 
kindling  a  glowing  match,  by  its  power  of  producing  red  fumes  when  mixed 
with  nitric  oxide,  and  by  its  insolubility  in  water  when  agitated  with  it. 
It  is  absorbed  by  moistened  phosphorus,  by  a  solution  of  cuprous  oxide  in 
ammonia,  rendering  the  colourless  solution  deep  blue,  and  by  a  solution  of  pyro- 
gallic  acid  in  potassic  hydrate,  the  mixture  becoming  of  an  intense  bistre  colour. 
Solutions  of  the  sulphides  of  the  alkali-metals  also  absorb  oxygen  rapidly.  2.  Ni- 
trous oxide,  although  it  rekindles  a  glowing  match,  is  dissolved  when  agitated 
with  water.  3. — Nitrogen  extinguishes  the  flame  of  burning  bodies ;  it  ivS 
insoluble  in  water,  and  does  not  render  lime-water  turbid.  4. — Nitric  oxide  is 
instantly  recognised  by  the  red  fumes  which  it  occasions  when  mixed  with  air  or 
free  oxygen  ;  it  is  immediately  absorbed  by  a  solution  of  ferrous  sulphate, 
giving  the  liquid  a  deep  brown  colour  when  oxygen  is  present. 

(1048)  4. — Gases  not  ahsorhahle  hy  Potassic  hydrate,  tvhich  are  inflam- 
mable : — 


1.  Hydrogen 

2.  Methane,  or  methylic  hydride,  and 

its  homologues,  ethane,  propane, 
and  butane«or  tetrane 

3.  Olefiant  gas,   or   ethylene,  and    its 


homologues,  propylene  and  buty- 
lene 

4.  Acetylene  and  allylene 

5.  Phosphuretted  hydrogen 

6.  Arseniuretted  hydrogen 

7.  Carbonic  oxide. 

I. — Hydrogen  is  inodorous,  if  pure;  it  burns  with  a  feebly  luminous  flame, 
and  if  mixed  with  half  its  volume  of  oxygen,  produces  water  either  by  the 
transmission  of  an  electric  spark,  or  by  the  action  of  a  ball  of  spongy  platinum. 
2. — Methane  burns  with  a  yellowish  flame;  it  is  not  acted  upon  if  mixed  with 
chlorine  over  water  and  screened  from  light,  and  is  not  dissolved  by  fuming  sul- 
phuric acid.  3. — Ethylene,  or  its  homologues,  when  mixed  with  an  equal 
volume  of  chlorine,  even  in  the  dark  becomes  condensed  to  an  oily  liquid  which 
is  insoluble  in  water  ;  it  is  also  absorbed  by  antimonic  pentachloride,  and 
by  Nordhauseu  sulphuric  acid  :  it  burns  with  a  brilliant  smoky  flame.  4.  Ace- 
tylene may  be  separated  by  taking  advantage  of  the  property  it  possesses  of 
being  absorbed  by  an  ammoniacal  solution  of  cuprous  chloride.  The  red  pre- 
cipitate thus  obtained,  is  decomposed  by  hydrochloric  acid,  yielding  the  hydro- 
carbon in  the  free  state.  5. — Phosphuretted  hydrogen  is  distinguished  by 
its  peculiar  alliaceous  odour  :  it  burns  with  a  luminous  flame,  producing  white 
fumes  of  phosphoric  anhydride ;  solutions  of  the  salts  of  copper,  silver, 
and  mercury  dissolve  it  and  form  brown  precipitates.  6. — Arseniuretted 
hydrogen  is  decomposed,  if  passed  through  glass  tubes  heated  nearly  to  redness, 
a  ring  of  arsenicum  being  deposited  :  it  burns  with  a  peculiar  white  flame,  and 
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deposits  a  brown  stain  of  arsenicum  on  cold  bodies  introduced  into  tbe  burning 
jet.  It  is  extremely  poisonous,  and  has  a  peculiar  odour  of  garlic.  It  may  be 
distinguished  from  antimoniuretted  hydrogen  by  methods  previously  described 
(841).  7* — Carbonic  oxide  burns  with  a  pale  blue  flame,  producing  carbonic 
anhydride ;  it  is  insoluble  in  water,  and  is  dissolved  by  a  solution  of  cuprous 
chloride  in  hydrochloric  acid. 

(1049)  General  Princijples  of  the  Analysis  of  a  Mixture  of  Gases. — In 
a  mixture  of  gases  a  qualitative  examination  must  be  made  as  a  preliminary 
step,  in  order  to  ascertain  what  gases  are  present.  It  is  of  course  needless  to 
search  for  those  which  condense  or  decompose  each  other.  Ammonia,  for 
example,  would  not  be  found  in  a  mixture  which  contained  hydrochloric,  hydri- 
odic,  or  hydrobromic  acid  gases,  nor  in  the  presence  of  sulphurous  or  nitrous 
anhydrides.  Oxygen  would  not  occur  in  a  mijiture  in  which  nitric  oxide  was 
present.  Neither  could  free  chlorine  or  its  oxides  corcxist  with  hydriodic 
or  hydrobromic  acid,  nor  with  ethylene,  nor  with  the  compounds  of  hydrogen 
with  sulphur,  selenium,  tellurium,  phosphorus,  or  arsenic:  chlorine  and  its 
oxides  are  equally  incompatible  with  ammonia. 

The  complete  analysis  of  a  mixture  of  different  gases  is  one  of  the  most 
delicate  and  difficult  branches  of  chemical  analysis,  and  it  is  not  intended 
to  attempt  to  give  more  than  an  idea  of  the  principles  on  which  such  an  opera- 
tion is  conducted,  and  the  manner  in  which  it  is  effected. 

As  an  illustration  of  the  method  of  proceeding  we  may  take  a  case  of  fre- 
quent occurrence  :  viz.,  the  determination  of  the  composition  of  a  sample  of  coal- 
gas.  In  this  case,  the  ingredients  which  may  be  present  are  numerous.  These 
are — i,  hydrogen;  2,  ethylene  or  oletiant  gas  and  other  unsaturated  hydro- 
carbons; 3,  methane  or  light  carburetted  hydrogen  ;  4,  carbonic  oxide;  5,  car- 
bonic anhydride;  6,  sulphuretted  hydrogen;  7,  ammonia;  8,  oxygen;  and  9, 
nitrogen,  the  last  two  derived  from  the  atmosphere. 

A  qualitative  examination  is  made  thus  : — the  proportion  of  ammonia  and  of 
sulphuretted  hydrogen  is  usually  very  minute,  and  in  most  cases  these  gases 
must  be  sought  for  by  placing  the  tests  for  their  presence  for  some  time  in  a  cur- 
rent of  the  coal-gas.  In  searching  for  ammonia,  a  piece  of  moistened  litmus- 
paper,  feebly  reddened,  is  placed  for  a  minute  in  a  jet  of  the  iissuing  gas :  if  the 
blue  colour  be  restored,  ammonia  is  present.  Paper  soaked  in  a  solution  of 
plumbic  acetate  may  be  subjected  to  a  similar  trial:  if  it  turn  brown,  sulphuretted 
hydrogen  is  present.  The  presence  of  oxygen  is  detected  by  admitting  a  bubble 
of  nitric  oxide  into  a  tube  filled  with  the  gas  under  trial,  and  looking  through 
the  tube  obliquely  upon  a  sheet  of  white  paper  ;  very  small  traces  of  oxygen 
may  thus  be  detected  by  the  red  tinge  produced,  owing  to  the  formation 
of  peroxide  of  nitrogen.  Carbonic  anhydride  may  be  detected  by  the  turbidity 
which  it  produces  in  lime-water  or  in  a  solution  of  basic  plumbic  acetate, 
if  thrown  up  into  the  gas  whilst  standing  in  a  tube  over  mercury.  The  other 
gases  are  certain  to  be  present,  in  greater  or  less  quantity.  The  sulphuretted 
hydrogen  and  ammonia  are  too  siiiall  in  amount  to  be  quantitatively  determined; 
but  supposing  that  oxygen  and  carbonic  anhydride  are  found  to  be  present,  the 
proportion  of  seven  different  gases  will  remain  to  be  ascertained.  The  following 
method  may  be  adopted  for  their  quantitative  determination  :  — 

I.  Carbonic  aiihyclride.  —  k  volume  of  the  gas  is  confined  over  mercury, 
and  its  bulk  is  measured,  with  due  attention  to  temperature  and  pressure.  A 
piece  of  potassic  hydrate  which  has  been  melted  upon  the  end  of  a  long  platinum 
wire,  to  serve  as  a  handle,  is  introduced  from  below,  through  the  mercury  into 
the  tube.  Care  must  be  taken  that  the  wire  does  not  project  above  the  surface 
of  the  mercury  into  the  trough,  otherwise  a  slow  process  of  diffusion  will  occur 
between  the  gas  in  the  tube  and  the  outer  air.     After  two  or  three  hours   the 
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potassic   hydrate   is   withdrawn ;    the   amount  of  the  absorption    indicates  the 
proportion  of  carbonic  anhydride  which  was  present. 

2.  Ethylene,  Acetylene,  and  their  Homologues. — These  gases  are  absorbed  by 
introducing  another  ball,  consisting  of  porous  coke  moistened  with  fuming  sul- 
phuric acid.  It  is  necessary,  however,  before  reading  off  the  volume  of  the  gas, 
to  introduce  a  ball  of  potassic  hydrate  a  second  time,  in  order  to  withdraw  the 
vapour  of  sulphuric  anhydride,  which  possesses  sufficient  tension  to  introduce  a 
serious  error  by  dilating  the  bulk  of  the  gas  unless  it  be  completely  removed. 
The  total  amount  of  absorption  will  indicate  the  proportion  of  ethylene,  together 
with  the  vapours  of  condensible  hydrocarbons. 

3.  Oxygen. — This  gas  is  determined  in  a  similar  manner,  by  employing  a 
ball  of  moist  phosphorus,  which  must  be  left  in  the  gas  for  twenty -four  hours ; 
the  fresh  diminution  in  bulk,  shows  the  proportion  of  oxygen.  A  ball  of  coke 
moistened  with  a  concentrated  solution  of  potassic  hydrate  and  pyrogallic  acid 
may  be  employed  for  the  same  purpose  :  the  absorption  in  this  case  is  much 
more  rapid.* 

4.  Carbonic  Oxide. — The  accurate  separation  of  carbonic  oxide  from  the 
other  gases  is  not  easily  effected.  The  gas  may  be  divided  into  two  portions, 
one  of  which  is  to  be  carefully  measured  as  it  stands  over  mercury  ;  a  small 
quantity  of  a  solution  of  cuprous  chloride  in  hydrochloric  acid  is  next  added 
by  means  of  a  syringe,  and  the  mixture  is  briskly  agitated  ;  the  gas  is  then 
withdrawn  by  means  of  the  gas  pipette  (shown  in  fig.  305),  and  transferred  by 
its  means  to  a  second  graduated  tube,  also  standing  over  mercury ;  into  this  tube 
a  ball  of  potassic  hydrate  on  the  end  of  a  platinum  wire  is  introduced,  for  the 
purpose  of  absorbing  the  vapours  of  hydrochloric  acid  with  which  the  gas  is 
saturated ;  its  bulk  may  then  be  read  ofl',  and  the  amount  of  carbonic  oxide  will 
be  known  by  the  decrease  in  volume  which  it  has  experienced. 

The  absorption  of  gases  by  liquid  reagents  is  much  more  rapid  than  when 
moistened  balls  are  employed,  and  provided  that  only  very  small  volumes  of 
liquid  are  used,  the  results  are  equally  accurate.  Carbonic  anhydride  may 
be  thus  absorbed  by  means  of  a  concentrated  solution  of  potassic  hydrate,  one  or 
two  drops  of  which  will  suffice ;  and  oxygen  may  be  withdrawn  by  a  concen- 
trated solution  of  pyrogallic  acid  and  potassic  hydrate. 

5.  Nitrogen,  Carbonic  Oxide,  Methane,  and  Hydrogen. — The  determina- 
tion of  the  carbonic  oxide,  however,  may  be  effected  along  with  the  methane 
and  hydrogen  without  having  recourse  to  absorption.  Let  a  portion  of  the  gas 
in  which  the  carbonic  oxide  is  still  present  be  now  transferred  to  a  siphon 
eudiometer  (fig.  287),  and  let  its  bulk,  V,  be  accurately  measured;  then 
add  about  twice  its  volume  of  oxygen,  and  measure  the  gas  a  second  time ;  let 
this  bulk  be  F'^ ;  V^—V  will  give  the  volume  of  oxygen  which  has  been  added. 
Let  V^  be  the  bulk  of  the  gas  after  the  mixture  has  been  exploded  by 
the  transmission  of  the  electric  spark:  V^^V^  indicates  the  diminution  in 
bulk  which  it  has  experienced :  call  this  a.  Then  inject  a  small  quantity  of 
a  strong  solution  of  potassic  hydrate,  and  again  note  the  volume,  V^.  The  absorp- 
tion, Fg —  Fg,  will  be  due  to  the  quantity  of  carbonic  anhydride  which  has  been 
formed :  call  this  b.  The  remaining  gas,  V^,  consists  of  oxygen  in  excess, 
and  nitrogen.  The  quantity  of  oxygen  in  excess  is  ascertained  by  mixing  the 
residual  gas  with  about  twice  its  bulk  of  hydrogen,  and  causing  the  electric 


*  The  use  of  pellets  of  appropriate  materials  may  be  extended  to  other  gases  : 
for  example — Sulphurous  anhydride  may  be  absorbed  by  using  a  ball  of  mois- 
tened peroxide  of  manganese,  or  of  peroxide  of  lead ;  and  hydrochloric  acid  is 
rapidly  absorbed  by  a  ball  consisting  of  crystallized  hydric  disodic  phosphate. 

3  D 
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spark  to  pass  a  second  time.  Let  the  volume  of  the  mixture  hefore  firing  be 
V^,  and  let  V^  be  the  bulk  after  firing  :  V^ — Y^  will  represent  the  amount  of 
condensation;  and  one-third  of  this,  *~  S  will  be  due  to  the  excess  of  oxygen. 
On  deducting  this  from  the  residue,  V^,  the  difierence  gives  the  volume  of 
nitrogen,  n ;  ^3—-^*^'  =  ^'  The  difi'erence  between  the  amount  of  the  oxygen 
thus  found  to  be  in  excess,  and  that  originally  introduced,  will  of  course 
represent  the  quantity  of  oxygen  consumed  :  call  this  c :  thus  F^ —  V ^^J-^  =  c. 

Assuming  that  the  temperature  of  the  gas  has  not  varied  in  the  course  of 
the  experiment,  which  may  be  insured  by  due  precautions,  we  have  now  all  the 
data  for  calculating  the  proportions  of  methane,  of  hydrogen,  and  of  carbonic 
oxide,  which  are  present  in  the  mixture. 

Let  X  represent  the  quantity  of  methane  ;  this  gas  requires  twice  its  own 
volume  of  oxygen  for  complete  combustion,  and  furnishes  its  own  volume  of 
carbonic  anhydride,  which  requires  for  its  formation  an  equal  vohime  of  oxygen, 
or  half  the  amount  consumed ;  whilst  the  other  half  of  the  oxygen  is  required 
by  the  hydrogen  which  is  condensed  in  the  form  of  water ;  2x  will  consequently 
represent  the  diminution  in  bulk  of  oxygen  which  occurs  on  detonation,  due  to 
the  amount  of  carburetted  hydrogen  which  is  present. 

Again,  when  hydrogen  is  converted  into  water,  it  requires  half  its  bulk 
of  oxygen,  and  both  are  condensed  entirely.  If  ^  represent  the  bulk  of  the 
hydrogen,  —  will  be  the  diminution  in  bulk  of  the  mixed  gases  on  detonation, 
which  is  occasioned  by  the  hydrogen  in  the  mixture. 

Let  z  represent  the  volume  of  carbonic  oxide  present ;  carbonic  oxide  for  its 
conversion  into  carbonic  anhydride  requires  half  its  bulk  of  oxj-gen,  the 
carbonic  anhydride  produced  occupying  the  same  bulk  as  the  carbonic  oxide. 
I  will  therefore  indicate  the  condensation  which  occurs  on  firing  the  mixture 
owing  to  the  carbonic  oxide  present. 

The  total  condensation  in  bulk,  a,  which  occurs  on  firing  a  mixture  of 
methane,  hydrogen,  and  carbonic  oxide,  will  consequently  admit  of  being  thus 
represented : 

(i)  a=2x  +  ^  +  ~. 

^   '  22 

Further,  the  quantity  of  the  carbonic  anhydride,  b,  formed  by  the  detonation,  is 
composed   of  a   volume  of  carbonic  anhydride   equal   in  bulk  to  the  methane 
and  a  volume  equal  to  that  of  the  cai'bonic  oxide,  so  that  the  total  quantity  of 
carbonic  anhydride  may  be  thus  indicated : 
"      (2)  b  =  x  +  z. 

And  lastly,  the  oxygen  consumed,  c,  will  be  composed  of  the  following  quantities  : 
by  methane,  twice  its  bulk,  2x ;  by  hydrogen,  half  its  bulk,  |  ;  and  by  carbonic 
oxide,  half  its  bulk,  j ;  or  the   total  quantity  of  oxygen  consumed  will  be  the 

following  : 

y       z 
(7)  c=  2X  +  ^  +  -. 

^'^^  22 

From  these  three  equations  the  value  of  x,  y,  z  are  determined : 

a  +  b 

X  =     c ; 

3 
y  ^     a  -c        ; 
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Minute  directions  for  the  analysis  of  various  gaseous  mixtures  are  given  by 
Eegnaulb  in  the  fourth  volume  of  his  Cours  Elementaire  de  CJiimie,  which 
contains  a  description  of  a  form  of  eudiometer  well  adapted  for  accurate  experi- 
ments ;  this  eudiometer  has  been  advantageously  modified  by  Frankland  and 
"Ward  {Journ.  Chem.  Soc.  vi.  197).  Bunsen  has  also  introduced  very  important 
improvements  into  the  manipulation  and  apparatus  required  for  the  analysis  of 
gases,  which  are  fully  detailed  in  his  Gasometry,  translated  by  Roscoe  [see  also 
the  article  on  Eudiometry,  in  Liebig  and  PoggendorfF's  Sandwbrterhuch  der 
Chemie,  vol.  ii.);  and  the  modes  of  manipulation  have  been  still  further  simpli- 
fied by  Williamson  and  Russell.  {See  also  Watt's  Dictionary,  i.  268,  Supple^ 
ment,  p.  140,  and  Sutton's  Volumetric  Analysis,  2nd  Edition,  p.  300.) 

(1050)  Calculation  of  Analyses. — We  will  suppose  the  analysis 
brought  to  a  successful  issue^  and  the  percentage  of  each  element 
it  contains  calculated.  It  is  evident  that  the  information  derived 
from  this  source  is  but  scanty ;  for  it  furnishes  no  idea  either  of 
the  simplest  formula  of  the  organic  body,  or  of  the  relations  of 
the  body  to  the  substances  concerned  in  its  production^  or  obtain- 
able from  it  by  its  decomposition.  The  first  thing  is  to  ascertain 
the  empirical  formula  of  the  compound,  which  can  be  easily  done 
in  the  following  manner.  Suppose,  to  take  a  simple  example, 
the  results  of  the  analysis  have  given  68-67  P^^  cent,  of  carbon, 
4-95  of  hydrogen,  and  26*38  of  oxygen.  If  we  divide  the  per- 
centage of  carbon  by  its  atomic  weight,  1%,  that  of  the  hydrogen 
by  I,  and  the  oxygen  by  16,  we  obtain  the  numbers  5723,  4'95, 
and  1*649  representing  the  atomic  proportions  of  carbon,  hydrogen, 
and  oxygen  respectively  in  the  substance,  so  that  its  formula 
would  be  Cg.ygg  H^.g.  Oj.g^g.  As,  however,  all  definite  compounds 
have  formulae  with  whole  numbers,  it  becomes  necessary  to  find 
approximately  three  whole  numbers  which  bear  the  same  relation 
to  one  another  as  these  three  fractions.  The  most  convenient 
way  of  doing  this  is  as  follows  : — Assume  the  oxygen  to  be  60, 
then  the  carbon  and  hydrogen  will  be  found  by  the  following 
proportions : 

For  the  carbon        i*<549      :      5723      :  :     60  :  x 
For  the  hydrogen  1*649     •     4'9i        •  •     60  :  y 

Here  ^=208*2   and  y=  180*1.      Disregarding  ijie  decimals  the 
formula  may  therefore  be  written  Cgog  H^g^  0^^.    • 

There  are  comparatively  few  substances  which  contain  more 
than  six  atoms  of  oxygen,  or  Og,  and  the  number  60  was  chosen 
for  the  oxygen  as  it  is  divisible  by  all  the  whole  numbers  less  than 
six.  Consequently,  having  assumed  the  oxygen  as  Og^  and  calcu- 
lated the  formula  accordingly, — in  this  case  Cg^g  H^g^  O^^ — we 
can  readily  find  the  empirical  formula  by  inspection.  It  is  here 
evident  that  the  substance  contains  Og,   and  dividing  by  30   we 
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obtain,  approximately,  the  formula  C^HgOg,  the  carbon  being  as 
might  be  expected,  a  little  lower  than  that  required  for  C^.  On 
calculating  the  percentage  of  the  formula  C^HgOg,  benzoic  acid, 
we  can  then  compare  it  with  the  results  of  the  analysis  ; 

Calculated.  Found. 

€7=84  ...  68-85  •••  ^8-67 

Hg=  6       ...         4-92        ...         4"95 
03=32        ...        26-23        ...        26-38 
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The  same  principle  is  employed  in  calculating  the  empirical 
formula  of  more  complex  substances  containing  other  elements  in 
addition,  such  as  nitrogen,  chlorine,  and  sulphur. 

§  III.  Molecular  Formula. 

(1051)  The  empirical  formula  thus  deduced  is  merely  the 
simplest  expression  of  the  result  of  analysis  in  terms  of  the  atomic 
weight  of  the  elements  contained  in  the  compound  analysed.  It 
expresses  the  ratios  in  which  the  atoms  are  combined,  but  it  does 
not  afford  any  information  as  to  the  number  of  atoms  of  the 
various  elements  contained  in  a  molecule  of  the  compound.  The 
molecular  formula,  however,  is  always  either  identical  with,  or 
some  simple  multiple  of,   the  empirical  formula. 

The  only  method  by  which  we  are  enabled  to  ascertain  the 
molecular  formula  of  a  body  with  any  certainty,  is  to  determine 
its  vapour  density,  or  specific  gravity  in  the  gaseous  state. 

(1052)  Hofmann's  Method  for  Vapour  Densities. — Of  the  two 
methods  employed  for  this  purpose  which  have  been  already 
described  (Part  I.  p.  284)  one  is  known  as  that  of  Dumas,  and  the 
other  as  Gay-Lussac^s.  A  modification  of  the  latter  has  recently 
been  introduced  by  Hofmann 'which  possesses  many  advantages 
and  is  available  for  determinations  of  all  compounds  whose  boiling 
points  are  below  250°  (482°  F.)  and  which  do  not  attack  mercury. 

The  apparatus  which  is  represented  in  fig.  389,  consists 
of  a  graduated  tube  ab  about  i  metre  long,  and  15  to  20  millims. 
wide,  which  is  filled  with  dry  mercury,  and  then  inverted  with 
the  open  end  in  the  vessel  ^,  also  containing  mercury.  The 
upper  portion  of  the  laboratory  tube  ab,  is  surrounded  by  a  wide 
glass  tube  cd,  so  that  a  current  of  the  vapour  of  some  liquid  of 
constant  boiling  point,  such  as  alcohol,  water,  or  aniline,  can  be 
passed  through  the  annular  space  between  the  two  tubes.  A 
small  stoppered   flask   h,  similar   to   that  shown  in  the    figure, 
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but  somewhat  smaller,  is  completely  filled  with  the  substance 
under  examination,  the  weight  W  of  which  must  be  ascertained. 
The  flask  and  its  contents  is  then  carefully  introduced  into  the 
laboratory  tube  ah,  and  on  rising  into  the  vacuum  in  the  upper  part, 
the  stopper  generally  comes  out  of  itself.  A  current  of  the  vapour 
from  the  vessel  e  is  now  sent  through  the  tube  jcd,  the  lower  end 

Fig.  389. 


of  which  is  connected  with  a  suitable  condensing  apparatus  at  d. 
This  converts  the  liquid  in  the  small  flask  at  /,  into  vapour  which 
soon  attains  a  constant  temperature,  whilst  the  mercury  column 
gradually  sinks.  As  soon  as  this  becomes  stationary  the  volume 
in  cubic  centimetres  V,  of  the  vapour  in  the  upper  part  of  the  tube 
is  observed,  together  with  the  atmospheric  pressure  P,  from  a 
barometric  reading,  and  also  the  height  H;  of  the  mercury  column 
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fg,  which  must  be  corrected  for  the  temperature  of  the  heated 
portion  of  the  column  and  also  for  the  tension  of  the  mercury- 
vapour  corresponding  to  the  temperature^  t. 

The  weight  of  an  equal  volume  of  hydrogen,  V,  under  similar 
circumstances  is  : 

.      P-°ooo895,V.    (j  +  ^.„~67,)76o 

and  the  vapour  density,  D,  of  the  substance  is  therefore  given  by 
the  equation : 

W(i +0*00367 /)  760 
00^0895.  V(P-H) 

As  the  vapour  density  is  here  determined  under  diminished  pres- 
sure, the  temperature  required  to  obtain  an  accurate  result  is 
considerably  lowered,  and  consequently  unstable  compounds  are 
much  less  likely  to  undergo  decomposition. 

(1053)  ^^  bodies  in  the  aeriform  condition,  whether  simple 
or  compound,  if  compared  at  equal  temperatures,  increase  by  an 
equal  fraction  of  their  volume  for  equal  increments  of  tempe- 
rature ;  in  other  words,  they  have  the  same  coefficient  of  dilata- 
tion when  heated.  In  like  manner  equal  volumes  of  all  gases 
and  vapours  undergo  equal  amounts  of  compression,  for  equal 
increments  of  pressure,  if  the  comparison  be  made  under  similar 
circumstances.  It  appears,  therefore,  that  the  elastic  force 
of  all  gases,  whether  simple  or  compound,  is  sensibly  equal  and 
uniform  ;  hence  it  has  been  concluded  that  under  similar  circum- 
stances of  temperature  and  pressure  equal  volumes  of  all  gases  and 
vapours  contain  an  equal  number  of  molecules.  This  hypothesis 
of  the  constitution  of  gases  we  owe  to  Avogadro  and  Ampere. 

Assuming  then  that  equal  volumes  of  gases  contain  an  equal 
number  of  their  constituent  molecules,  it  follows  that  the  relative 
weights  of  these  molecules  must  be  the  same  as  the  relative 
weights  of  the  equal  gas  volumes.  Adopting  as  a  standard  the 
hydrogen  molecule  weighing  a,  we  may  therefore  say  that  the 
weight  of  the  molecule  of  any  gas  is  expressed  by  a  number  equal 
to  twice  its  specific  gravity  referred  to  hydrogen,  so  that  in  order 
to  ascertain  the  molecular  weight  of  any  substance  in  the  gaseous 
state,  we  have  simply  to  determine  its  specific  gravity  with  re- 
ference to  hydrogen,  and  to  double  the  number  thus  obtained. 
The  volume  V,  which  a  given  weight  of  the  compound  occupies 
when  converted  into  vapour  at  the  temperature  t,  and  under  the 
pressure  P,  being  ascertained  by  experiment,  the  required  vapour 
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density  D,  of  the  compound  referred  to  hydrogen  as  iinity  is 
found  by  dividing  this  volume  by  the  weight  of  an  equal  volume 
P;  of  hydrogen  also  at  the  temperature  t,  and  pressure  V-^  : 

If  the  density  of  the  vapour  be  referred  to  air  as  unity,  the 
density  referred  to  hydrogen  as  unity  is  at  once  given  on  dividing 
by  '06926,  the  specific  gravity  of  hydrogen  referred  to  air. 

On  the  other  hand,  the  density  corresponding  to  any  par- 
ticular formula  is  found  by  dividing  the  sum  of  the  atomic  weights 
of  the  elements  composing  the  compound  represented  by  the 
formula  in  question  by  2.  Thus  the  empirical  formula  of  tur- 
pentine as  determined  by  analysis  is  C^Hg,  the  density  corre- 
sponding to  which  is 

12X^5  +  1x8        68 

~ =  -   =  34. 

2  2 

but  the  number  obtained  on  determining  the  vapour  density 
of  that  substance  is  approximately*  68  ;  hence  the  molecular 
formula  of  turpentine  is  twice  C^Hg,  or  Cj^H^g.  Similarly, 
analysis  shows  that  the  empirical  formula  of  benzene  is  CH,  the 
density  corresponding  to  which  is 

The  vapour  density,  however,  is  determined  to  be  approximately 
39  j  it  becomes  necessary,  therefore,  to  multiply  the  empirical 
formula  CH  by  6  in  order  to  obtain  the  molecular  formula  of 
benzene.  This  gives  CgHg  as  the  formula  corresponding  to  the 
density  39.  Again,  the  empirical  formula  of  ether  as  determined 
by  analysis  is  C^Hj^O,  whence 

-p.        12x4+1x10+16 

D  = -=37; 

the  experimental  determination  of  its  vapour  density  gives  as 
result  the  number  37* T3.  In  this  case,  therefore,  the  empirical 
is  shown  to  coincide  with  the  molecular  formula. 

(1054)  It  is  not  always  possible  to  fix  the  molecular  formula 
of  a  compound  by  determining  its  vapour  density,  as  many  sub- 


*  Owing  to  unavoidable  experimental  errors,  the  numbers  obtained  are  never 
exact. 
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stances  cannot  be  volatilized  without  undergoing  decomposition. 
In  such  cases  the  molecular  formula  can  only  be  ascertained  by  a 
study  of  the  chemical  and  physical  properties  of  the  compound, 
and  a  careful  investigation  of  a  number  of  its  derivatives. 

The  molecular  formula  may  often  be  approximately  determined, 
or  rather,  to  speak  exactly,  an  estimate  obtained  in  favour  of  the 
adoption  of  the  empirical  formula  deduced  from  the  analysis,  or  of 
some  particular  multiple  thereof,  if  the  compound  possesses  acid 
or  basic  properties,  i.e.,  if  it  be  capable  of  yielding  salts  or 
combining  with  acids.  For  example,  the  simplest  formula 
deducible  from  the  analysis  of  acetic  acid  is  CHgO ;  is  acetic 
acid  most  probably  represented  by  this  formula,  or  by  C^H^Og, 
CgHgOg,  &c.,  or,  in  other  words,  is  the  molecular  weight  30,  60, 
or  90  ?  Information  on  this  point  is  afforded  by  the  analysis  of 
the  silver  salt  prepared  from  the  acid. 

It  is  found  that  4*873  grains  of  silver  acetate  yield  a  residue 
of  3*149  grains  of  metallic  silver  on  ignition.  If  then  3*149  of 
silver  are  contained  in  4*873  of  silver  acetate,  how  much  silver 
acetate  will  contain  108  (i  atom)  of  silver  ?  By  the  pro- 
portion : 

3-149   :   108   :   :  4*873   :  x  (  =  167), 

we  find  167  for  the  molecular  weight  of  the  silver  salt,  supposing 
the  acid  to  be  monobasic,  and  in  order  to  ascertain  the  molecular 
weight  of  the  acid,  we  must  deduct  from  this  108 — the  number 
of  parts  of  silver  it  contains,  and  add  1 — the  number  of  parts  of 
hydrogen  replaced  by  108  of  silver,  and  we  thus  obtain  as  result 
the  number  60.  It  is  thus  proved  that  the  molecular  formula  of 
acetic  acid  is  not  CHgO,  but  that  it  is  either  C^H^Og  or  some 
multiple  thereof.  What  the  molecular  formula  really  is  can  only 
be  determined  by  ascertaining  the  vapour  density.  This  is  found 
on  trial  to  be  approximately  30,  and  the  molecular  formula  is 
thus  finally  fixed  as  being  CgH^Og. 

In  a  similar  manner  the  potassium,  sodium,  barium,  lead,  or 
other  salts  may  be  employed.  In  the  case  of  basic  substances, 
either  the  amount  of  substance  associated  with  one  or  more 
molecules  of  an  acid  is  determined  by  analysis,  e.g.  the  hydro- 
chloric acid  in  the  hydrochloride  of  the  base,  or  the  amount  of 
platinum  contained  in  the  double  salts  which  many  of  the  hydro- 
chlorides of  bases  form  with  platinic  chloride. 

(1055)  Polymeric,  met americ,  and  isomeric  compounds. — Com- 
pounds which  have  the  same  percentage  composition,  and  there- 
fore the  same  empirical  formula,  but  which   are  represented  by 
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different  molecular  formulce,  are  said  to  be  polymeric.  Thus, 
cyanic  acid  and  cyanuric  acid  are  called  polymeric^  as  althougli 
both  bave  tbe  same  empirical  formula^  CNOH,  the  molecular 
formula  of  tbe  former  is  CNOH/  wbilst  that  of  tbe  latter  is 
C3N3O3H3.  In  a  similar  manner,  cyanic  cbloride,  CNCl,  and 
cyanuric  cbloride,  C3N3CI3,  are  polymeric,  and  also  aldebyde, 
CgH^O,  and  paraldebyde,  C^^fi,^. 

Bodies  possessing  tbe  same  percentage  composition,  and  also 
tbe  same  molecular  formula,  are  considered  to  be  eitber  metameric 
or  isomeric,  according  to  tbe  relation  wbicb  tbey  bear  to  one 
anotber  in  tbeir  physical  properties  and  chemical  behaviour. 
Thus,  they  are  said  to  be  metameric  when  there  is  a  marked 
difference  in  tbeir  physical  properties,  and  in  tbeir  behaviour  under 
tbe  influence  of  chemical  reagents ;  whilst  isomeric  bodies  are 
those  wbicb  may  be  shown  to  be  members  of  the  same  series, 
eitber  by  their  method  of  formation,  or  by  the  analogous  changes 
which  tbey  undergo  when  submitted  to  the  action  of  various  re- 
agents. Propionic  aldehyde  and  acetone,  for  instance,  are  con- 
sidered to  be  metameric,  as  when  treated  with  oxidizing  agents 
the  former  is  converted  into  propionic  acid  ; 

Propionic  aldehyde.  Propionic  acid. 

whilst  the  latter  yields  formic  and  acetic  acid  : 

C3HP  +  O,  +  OH,  =  C,H,0,  +  CH,0,. 

Acetone.  Acetic  acid.  Formic  acid. 

On  the  contrary,  tbe  three  dimetbylbenzenes,  known  as  orthoxylene, 
metaxylene,and  paraxylene,  having  the  molecular  formula,  CgHjQ  = 
CgH4(C  113)2,  are  called  isomeric  compounds,  for  they  can  be 
obtained  from  benzene  by  the  displacement  of  two  of  the  hydrogen 
atoms  by  the  methyl  group,  CH3,  and  when  oxidized  by  dilute 
nitric  acid  tbey  yield  three  corresponding  metbylbenzoic  acids, 
CgH4(CH3).COOH.  Another  hydrocarbon,  CgH^^,,  is  known, 
which  is  metameric  with  the  three  dimetbylbenzenes ;  it  is 
ethylbenzene,  CgHg.  CgH^,  obtained  by  the  displacement  of  one  of 
the  hydrogen  atoms  in  benzene  by  tbe  ethyl  group,  CgHg.  When 
oxidized  it  is  converted  into  benzoic  acid,  C^H,.COOH. 

The  term  isomeric,  however,  is  frequently  employed  in  a 
moye  extended  sense  to  signify  compounds  which  have  the 
same  percentage  composition,  but  which  differ  in  chemical  pro- 
perties. 
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CHAPTER  II. 

§  I.  Quantivalence  ; — §  II.  Classification  of  Carbon  Compounds ; — 
§  III.  Theory  of  Compound  Radicles, 

§  I.  Quantivalence. 

(1056)  Observation  has  shown  that  each  elementary  substance 
has  a  tendency  to  unite  with  the  other  elements  in  a  particular 
manner,  and  the  special  peculiarities  of  these  combinations  have 
rendered  it  necessary  to  arrange  the  elements  in  six  principal 
groups  (see  also  Part  I.,  p.  ^tS)  of  monads,  dyads,  triads,  tetrads^ 
pentads,  and  hexads,  according  as  they  are  equivalent  in  com- 
bining or  replacing  power  to  one,  two,  three,  four,  five,  or  six 
monad  atoms  of  hydrogen.  The  particular  class  of  the  element 
or  radicle  may,  when  needful,  be  pointed  out  as  proposed  by 
Odling  by  affixing  the  marks  (0  ('0  ('^0  ('^)  H  H  to  indicate 
its  monad,  dyad,  triad,  tetrad,  pentad,  or  hexad  character. 

All  the  members  of  the  same  group  exhibit  a  certain  simi- 
larity, for  when  any  one  of  them  enters  into  combination  with 
another  element.  A,  the  compound  so  formed  is  usually  similar 
in  composition  to  the  compounds  which  the  other  members  of  the 
group  form  with  the  same  element.  A, 

(1057)  A  distinction  has  already  been  drawn  (p.  29,  Part  I.)  between,  i.  the 
-4^ow,which  is  the  smallest  chemically  indivisible  particle  of  each  element  which  can 
exist  in  a  compound  united  with  other  particles  either  of  the  same  or  of 
different  kinds  of  matter,  but  which  is  not  known  in  a  separate  form  ;  and  2, 
the  Molecule,  or  the  smallest  quantity  of  any  elementary  substance  which 
is  capable  of  existing  in  a  separate  form.     H,  for  instance,  indicates  the  atom 

of  hydrogen,  whilst    ^  \  or  H^,  represents  its  molecule. 

The  molecule  of  a  compound  must,  it  is  obvious,  consist  of  at  least  two 
atoms,  since  it  cannot  consist  of  less  than  one  atom  of  at  least  two  different 
kinds  of  matter ;  and  in  like  manner  it  is  probable  that  the  molecules  of  most 
of  the  bodies  hitherto  described  as  isolated  elements  are  compounds  of  the  ele- 
ment with  itself.  If  this  view  be  correct,  it  must  happen  that  when  such 
bodies  unite  with  other  so-called  elements  of  the  same  group,  the  act  of  combi- 
nation is  attended  by  double  decomposition,  and  not  by  direct  union. 

When,  for  example,  hydrogen  and  chlorine  unite  to  form  hydrochloric  acid, 
the  change  should  be  thus  represented  : 

Hg  +  CI,  =  HCl  +  HCl; 

the  equation  indicating  that  one  of  the  atoms  in  the  molecule  of  hydrogen 
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changes  place  with  one  of  the  atoms  of  chlorine  in  the  molecule  of  chlorine  ;  and 
the  result  is,  the  formation  of  two  molecules  of  hydrochloric  acid.* 

In  further  justification  of  this  view,  it  may  b.e  stated  as  a  uniform  result  of 
observation,  that  in  all  the  reactions  in  which  chlorine  gas  is  concerned,  not  one 
is  known  in  which  less  than  two  atoms  of  chlorine  is  required.  Take,  for 
example,  the  successive  steps  of  the  action  of  chlorine  upon  ethylenic  chloride  : 

C^HA+Cl^^C^HA  +  HCl 

C,H3Ci3  +  Cl2  =  C^H^Cl,  +  HCl 

C^H.Cl^  +  Cl^-C^HCl^  +  HCl 

CXC1,+C1,  =  CA   +    HCl 
As  this  is  true  in  all  other  cases,  it  has  been  concluded  that  the  molecule 
of  chlorine,  that  is  the  smallest  particle  which  can  exist  in  the  free  state,  must 
contain  two  atoms  of  chlorine. 

It  has  also  been  observed  that  at  least  two  atoms  of  bromine,  or  of  iodine, 
must  be  present  in  every  reaction  in  which  they  take  part ;  and  the  same  is  true 
of  hydrogen  and  of  all  the  metals  which  correspond  to  hydrogen  in  atomic 
character.  Many  compound  substances,  indeed,  may  be  looked  upon  as  inter- 
mediate between  the  elements  or  the  radicles  which  enter  into  their  formation  ; 
as  for  instance : 


1.  Hydrogen      ....     HH 

2.  Hydrochloric  acid    .     .     HCl 

3.  Chlorine ClCl 


Sodium NaNa 

Sodic  iodide  ....     Nal 
Iodine II 


In  like  manner  the  alkaline  hydrates  and  such  bodies  as  hypochlorous  acid  may 
be  regarded  as  compounds  intermediate  between  water  and  the  anhydrous 
oxides  : 


1.  Water HHO 

2.  Potassic  hydrate  .     .     .     KHO, 


'5.  Potassic  oxide 


KKO 


Water HHO 

Hypochlorous  acid     .     .     .     HCIO 
Hypochlorous  anhydride     .      CICIO 


So  also  hydric  potassic  sulphide  is  intermediate  between  sulphuretted  hydrogen 
and  dipotassic  sulphide. 

It  is  frequently  the  case  that  the  most  probable  inference  respecting  the 
magnitude  of  the  molecule  of  a  body,  the  vapour  density  of  which  cannot  be 
ascertained,  is  founded  upon  the  formation  of  such  intermediate  compounds. 
Por  example,  it  is  inferred  that  the  molecule  of  ethylic  (or  ordinary)  ether 
cannot  be  less  than  C^Hj^^O,  because  of  the  existence  of  methyl  ethyl  ether, 
which  is  a  compound  intermediate  between  ethyl  ether  and  methyl  ether  : 

C,Hj"'  :_    CAT'  3.      cHjO- 


I. 


Ethyl  ether. 


Methyl  ethyl  ether. 


Methyl  ether. 


In  this  case  the  supposition  is  confirmed  by  the  vapour  density  of  the  compounds 
which  correspond  to  these  formulae. 

It  must  not,  however,  be  supposed  that  there  is  no  such  thing  as  direct  com- 
bination between  two  bodies :  the  molecules  of  compounds  frequently  exhibit  the 
power  of  uniting  in  this  manner,  in  which  case  the  number  of  molecules  of  the 
new  body  is  smaller  than  the  sum  of  those  of  its  components  :  in  other  words, 
condensation  occurs.     When,  for  instance,  i  molecule  of  carbonic  oxide  and  i  of 


*  Sir  B.  Brodie  explains  this  phenomenon  by  a  different  hypothesis,  for  the 
development  of  which  the  reader  is  referred  to  his  paper,  "  On  the  Calculus  of 
Chemical  Operations"  {Phil.  Tram.  1866,  781). 
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chlorine  unite,  they  form  i  molecule  of  carbonic  oxychloride  ;  CO  +  Cl^,  yielding 
COClg.  One  molecule  of  mercury  and  i  of  chlorine  yield  i  of  mercuric 
chloride  ;  Hg  +  Cl^  =  HgCl^ ;  and  i  molecule  of  ethylene  and  i  of  bromine 
yield  i  of  echylenic  dibromide  ;  C^H^  +  Br^  =  C^H^Br^.  In  like  manner,  am- 
monia and  hydrochloric  acid  combine  directly  ;  H^N  +  HCl  becoming  H^NCl. 
Nitric  oxide  with  oxygen  forms  nitrogen  dioxide ;  NO  +  0  becoming  NO^. 

(1058)  In  order  to  explain  the  combination  of  the  elements 
■with  one  another,  each  atom  of  every  element  is  supposed  to  have 
a  certain  definite  number  of  centres  of  attraction,  or  bonds  as  they 
have  been  called  by  Frankland,  by  which,  and  by  which  alone, 
it  unites  with  other  elements.  To  aid  in  giving  precision  to  our 
ideas,  these  bonds  or  points  of  attachment  may  be  represented 
graphically ;  and  this  has  been  done  in  various  ways,  the  most 
convenient,  perhaps,  being  to  write  the  symbol  of  the  element 
with  as  many  lines  attached  to  it  as  the  element  has  bonds. 

The  atom  of  a  monad,  such  for  example  as  hydrogen,  is 
assumed  to  have  but  a  single  such  bond,  which  is  indicated  by  a 
single  line,  thus>  H — ;  the  same  is  supposed  to  be  true  of  each 
monad,  the  atom  of  chlorine  being  CI — .  In  the  molecule  of 
hydrogen  Hg  as  it  exists  in  the  gas,  the  attraction  of  each  atom 
is  saturated  by  that  of  its  fellow,  thus,  H — H  ;  and  the  same  is 
assumed  to  hold  good  in  the  molecule  of  other  elementary  monads, 
such  as  gaseous  chlorine,  CI — CI.  When  combination  occurs 
between  two  monads,  they  can  only  unite  in  one  proportion,  and 
a  single  molecule  of  one  element,  by  reacting  on  a  single 
molecule  of  the  other  element,  gives  rise  to  two  molecules  of  the 
compound:  H — H  +  Cl — CI  becoming  H — Cl-j-H — CI;  hence 
also,  no  monad  element  or  radicle  has  the  power  of  effecting  the 
union  of  two  or  more  monad  elements  or  radicles  into  one  poly- 
atomic molecule.* 

Each  atom  of  a  dyad  is  supposed  to  have  two  points  of  union. 
Consequently,  it  may  unite  with  each  of  two  atoms  of  the  same 
monad,  or  with  one  atom  of  two  different  monads,  or  it  may  form 
a  more  complex  group  by  uniting  with  other  dyads  in  various 
"ways,  or  it  may  even  cause  the  union  of  several  compound 
radicles  of  more  or  less  simple  constitution  into  one  group  or 
compound  molecule. 

One  atom  of  oxygen,  for  instance,  may  unite  with  two  atoms 
of  hydrogen,  with  two  of  chlorine,  or  with  one  of   chlorine  and 


*  A  molecule  which  consists  of  a  single  atom  is  called  a  monatomic  mole- 
cule, if  it  consists  of  two  atoms  diatomic,  and  if  of  three  triatomic.  Similarly, 
we  may  speak  of  monatomic,  diatomic,  triatomic  radicles,  and  so  on,  according  to 
the  number  of  atoms  they  contain. 
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one  of  hydrogen  ;   or  it  may  unite  with  a  second  atom  of  oxygen, 
or   with    an   atom    of  some   other   dyad,    such  as   zinc;  as   for 
instance : 
H—O— H    ;    CI— O— CI     ;     H— O— CI     ;     0  =  0    ;    0  =  Zn. 

Water.  Hypochlorous  anhydride.      Hypochlorous  acid.  Oxygen  gas.  Zinc  oxide. 

In  this  case  the  different  elements  are  represented  as  being 
so  united  that  both  the  bonds  of  the  dyad  are  saturated.  But, 
on  the  other  hand,  two  atoms  of  the  same  or  of  different  dyads 
may  be  supposed  to  be  so  united  that  only  one  of  the  two  points 
of  union  is  saturated,  leaving  therefore  two  other  bonds  unsatu- 
rated and  ready  to  enter  into  combination  to  that  extent  with 
some  other  element  or  compound.  Such  a  union  would  give 
rise  to  a  dyad  diatomic  radicle  with  two  unsaturated  bonds,  such 
as  — 0—0—,  — S— S — ,  &c. 

In  the  case  of  a  triad  like  boron  or  gold  there  are  ^  Q\ 
supposed  to  be  three  such  centres  of  attraction,  boric  " — CI. 
chloride,  for  example,  being  represented  by  the  formula,  XCl 
Combination  with  a  dyad  such  as  oxygen,  as  in  boric  anhydride, 
BgOg,  may  be  represented  thus  :  0  =  B  —  O  — B  =  0. 

The  relation  of  the  tetrad  elements,  of  which  carbon  is  by 
far  the  most  important,  are  somewhat  more  complex,  and  hence 
the  vast  variety  of  combinations  which  we  meet  with  among  the 
compounds  of  carbon.  Methane  or  marsh  gas,  CH^,  may  be  taken 
as  the  simplest  instance  of  a  saturated  molecule  containing 
carbon.  It  will  also  afford  a  good  illustration  of  the  effect  of  the 
removal  of  hydrogen  and  the  substitution  for  it  of  a  monad  such 
as  chlorine  in  monochloromethane  or  methylic  chloride,  CH3CI ; 
a  monad  and  a  dyad  as  in  carbonic  oxychloride,  COCl^;  or  two 
dyads  as  oxygen  in  carbonic  anhydride,  COg,  or  sulphur  in 
carbonic  disulphide,  CSg : 

H  H  O 

H— C— H       H— C— CI       CI— C— CI       0  =  C=0      S=C=S 


I  I 

H  H 

Methane.  Monochloromethane. 


Carhonic  Carbonic  Carbonic 

oxychloride.  anhydride.  disulphide. 


When  substances  are  formed,  into  the  composition 'of  which  more 
than  one  atom  of  carbon  enters,  it  is  assumed  that  the  atoms  of 
carbon  are  riveted  together  by  partial  saturation.  If  the  pair  of 
atoms  be  united  by  single  bonds,  it  is  evident  that  the  group  Cg 
will   be  hexad  in   power.      Consequently,  if  ethylene  or  olefiant 
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gas,    ^2^4'  contains   two    atoms    of   carbon   so  united,    it    will 
furnish   a  radicle  of  dyad  power;   that   is   to   say,  as   indeed  is 
I       I        the    fact,   that    it    should    show   a 
— C — C—     readiness  to  unite  with  two  atoms 

'       '        of  some  monad,   such  as   chlorine,  jj     jj 

when  it   forms   ethylenic    chloride  I       I 

H     H       CgH.Clg.      Indeed  we    may  regard  CI— C— C— CI 

'       '        most  of   the   dicarbon   compounds  jj    jj 

I       I         as  formed  from  2  atoms  of  carbon  Etuyienic  chloride.* 
H    H       retaining  a  hexad  power,  thus  : 

Ethylene. 

Ethane  or  ethylic  hydride     ....  C/^Hg 

Monochlorethane  or  ethylic  chloride     .  C/^H^Cl 

Hexachlorethane Cg^'Clg 

Aldehyd C/^H^ 

Chloral •      .  C^^^HClgO 

Acetonitrile C/^N'^'Hg 


Cyanogen  gas  (Dicyanogen)  ....     C/^N 


2 


But  it  is  quite  possible  that  the  two  atoms  of  carbon  may  be 

united    by  two    of  their  bonds,   in   which   case   a '    _p p_ 

tetrad   group  would   be  the  result;    and   in   other      ~ 
instances   the   union  may  be  by  three   out   of  the   four   bonds, 

p p  leaving  only  two  unsaturated  points.      In  the 

last  case,  by  their  union  with  two  atoms  of 
^      P=P      TT      ^  dyad,  a  molecule  like  acetylene,  CgHg,  would 

Acet^ene.  ^^  *^^  Tcsult.      Compounds  containing  3  atoms 

of  carbon  would  thus,  if  united  by  single 
bonds,  require  8  atoms  of  a  monad  to  complete  the  molecule  ; 
with  4  atoms  of  carbon,  10  bonds  would  require  saturation ;  with  5 
atoms,  1 2  atoms  of  a  monad  would  be  needed ;  and  generally, 
if  n  represent  the  number  of  atoms  of  carbon,  the  number  of 
bonds  in  the  molecule  requiring  saturation  would  be  2^  +  2,  as 
will  be  seen  by  inspecting  the  subjoined  graphic  formulae : 

111  I       I        I       I  I        I        I        I        I 

-C—C— C-     ;     _C— C— C— C-     ;     -C— C -C— C— C- 

III  I       I        I        I  I        I        I        I       I 

In  strict  correspondence  with  this  is  the  fact  that  no  compound 


*  It  is  scarcely  necessary  to  remind  the  reader  that  the  graphic  illustrations 
employed  to  aid  the  conception  are  not  intended  in  any  way  to  represent  the 
relative  position  of  the  atoms,  but  merely  to  show  whether  the  compound  is  a 
saturated  or  an  unsaturated  group  or  molecule. 
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of  carbon  and  hydrogen  is  known  in  which  the  number  of  atoms 
of  hydrogen  exceeds  this  proportion. 

(1059)  In  the  foregoing  remarks  no  notice  has  been  taken  of 
the  fact  that  the  valency  of  an  element  appears  to  vary  according 
to  the  nature  of  the  element  or  elements  with  which  it  is  associated. 
Thus,  nitrogen,  phosphorus,  and  arsenic,  which  in  a  large  number  of 
their  compounds  are  triads — the  compounds  N]:l3,PCl3,PH3,  AsClg 
may  be  cited  as  examples — are  also  capable  of  entering  into  com- 
bination as  pentads ;  for  instance,  to  form  such  well  known  com- 
pounds as  PClg,  NH4CI,  etc.  Similarly,  iodine  which  appears  to 
be  a  monad  in  such  bodies  as  KI  is  a  triad  in  ICI3;  tin  in  certain 
of  its  compounds  is  apparently  a  dyad,  but  in  others  a  tetrad  ; 
and  sulphur  appears  even  to  be  capable  of  playing  the  part  of 
a  dyad,  tetrad,  or  hexad.  On  this  account,  the  elements  cannot 
be  strictly  classified  in  groups  according  to  their  valency.  It  has 
also  been  observed  that,  in  a  number  of  instances,  the  same  element 
apparently  enters  into  combination  either  as  a  dyad  and  triad, 
or  as  a  dyad,  triad,  and  tetrad,  etc.  There  is  reason  to  believe, 
however,  that  the  atom  of  those  elements  whose  valency  is  denoted 
by  an  even  number  (so-called  artiads)  cannot  enter  into  com- 
bination with  an  odd  number  of  atoms  of  a  monad,  or  the 
equivalent  amount  of  a  polyad  element ;  and  that  the  atom  of 
those  elements  whose  valency  is  denoted  by  an  odd  number 
[perissads]  cannot  enter  into  combination  with  an  even  number 
of  atoms  of  a  monad,  or  the  equivalent  amount  of  a  polyad 
element.  The  variation  in  valency  which  thus  apparently  takes 
place,  and  the  fact  that  the  same  element  may  seemingly  act  as 
an  artiad  and  perissad  is  explained  in  various  ways  : — 

First,  taking  Naquet^s  rule,  it  is  supposed  that  the  highest 
known  compound  determines  the  valency  of  an  element,  and  that 
in  each  of  the  lower  compounds  two  of  the  bonds  neutralize  each 
other  (Frankland).  In  thallious  chloride  TlCl  for  instance, 
CTl — ^Cl,  two  of  the  three  bonds  of  thallium  neutralize  each 
other,    whilst  in  the  rarer   instances,  as  when  thallic  /^, 

chloride  TICL  is  formed,  each  of  the  three  bonds  is  satu-    _/    ^, 

o  _  '  rpi Qi 

rated  by  chlorine.  In  such  cases  of  partial  saturation  s^  ' 
of  the   atom   as  in  thallious  chloride,  the  other  bonds  ^ 

in  each  molecule  neutralize  each  other  in  pairs ;  and  hence 
the  tendency  of  all  the  elements  to  preserve  their  mode  of 
combination,  either  always  with  an  odd  number  of  atoms 
of  a  monad,  or  else  always  with  an  even  number.  Every  element 
tends  to  form  one  particular  class  of  compounds,  whicb  are  more 
stable  than  any  other  series  into  the  formation  of  which  it  enters. 
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For  example^  the  stable  thallium  compounds  are  generally  those 
in  which  the  metal  appears  to  act  the  part  of  a  monad,  not  of  a 
triad;  corresponding,  that  is,  to  TlCl,  not  to  TICI3.  With  gold, 
on  the  contrary,  though  compounds  like  aureus  chloride,  AuCl, 
may  be  obtained,  the  most  stable  series  is  that  in  which  the  triad 
character  of  the  metal  is  distinctly  shown,  as  in  the  trichloride, 
AuClg. 

Again,  in  the  group  of  tetrads,  although  platinum  generally 
forms   compounds  on  the  type  of  platinic  „, 


CI  chloride,  PtCl^,  it  occasionally  forms  them 


CPt 


p,        ' p,      on  that  of  platinous  chloride,  PtClgjin  which      v 


it  may  be  supposed  that  the  two  unsaturated 
CI  bonds    are    neutralized  by   reacting   one   against 

the  other.  Such  a  mode  of  representing  the 
formation  of  the  inferior  compounds  seems  to  be  suited  especially 
to  gaseous  compounds  like  carbonic  oxide  CC=0,  as  compared 
with  carbonic  anhydride  0=C=0  ;  where  the  specific  gravity 
of  the  gas  defines  distinctly  the  molecule  of  each. 

A  second  explanation  of  the  method  of  combination  in 
multiple  proportion,  which  is  admissible  in  certain  cases,  is  the 
following : — It  is  supposed  that  in  the  lower  compounds,  such  as 
the  aurous  and  platinous  groups,  two  atoms  of  the  element  have 
partially  neutralized  each  other ;  for  instance,  aurous  chloride, 
AugClg,  may  be  represented  as  CI — Au=Au — CI,  and  platinous 

CI— Pt— CI 
chloride,  Pt.CL,  as  il  .       On    this    view    it    becomes 

2  CI— Pt— CI 

necessary  to  double  the  formula  ordinarily  employed  to  represent 
the  molecule. 

Upon  either  hypothesis  a  reasonable  explanation  may  be  given 
of  the  remarkable  cases  presented  where  the  same  element,  like 
iron,  seems  to  combine  with  the  monads  in  proportions  repre- 
sented by  both  odd  and  even  numbers. 

It  is,  however,  necessary  to  suppose  that  in  such  cases  as  those 
of  iron  and  the  other  metals  allied  to  it,  viz.,  cobalt,  nickel,  manga- 
nese, chromium,  uranium,  and  aluminum,  they  should  be  viewed  as 
tetrads.      If  this  be  granted,  the  ferrous  compounds,  O 

such  as  ferrous  chloride,  may  be  represented  either    ^^      ^^      CJl 
as  FeClg,  where  two  of  the  bonds  neutralize  each  other;  or  as  FcgCl^, 
where  the  two  atoms  of  iron  are  represented 
^^      te=l^e      CI     g^g  united  by  two  points  of  attraction.       In 
Ql      Qi  ferric    compounds    (like    ferric    chloride,  of 

which    we    know    from    the    density  of   its 
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vapour  that  the  molecule  cannot  be  less  than  that  indicated  by 
the  formula  Feg'^Clg,  each  atom  of  iron  in  the  molecule  must  be 
united  to  its  fellow  by  a  single  bond  only,  as  represented  in  the 
diagram  below. 

A  similar  plan  would    be    supposed    to 

CI      CI  prevail  in   the  constitution  of  the  molecule 

'  '  of   aluminic  chloride,  the  density  of   which 

'      I  I  corresponds    with    the    formula    Alg^'Clg,    as 

CI      CI  well  as  in  the  case   of  the    analogous  body, 

chromic  chloride. 

According  to  Frankland^s  view  sulphur  is  a  hexad,  and  in  the 
compounds  in  which  it  apparently  plays  the  part  of  a  dyad  or 
tetrad  one  or  two  pairs  respectively  of  the  bonds  saturate 
each  other.  The  compounds  SHg,  SgClg,  SOg,  SO3,  SO^Hg  are  on 
this  view  represented  by  the  following  graphic  formulae : — 

H 

I 

O  O 

o  00  O  II  I 

H— S— H   CI— S— S— CI    0=8=0    0=S=0    0=S=0 

o  00  ^ 

I 
H 

Kekule  and  some  other  chemists  maintain,  however,  that  sulphur 

is  uniformly  a  dyad  and  represent  the   above   compounds  by  the 

following  formulae  : — 

H— S— H  CI— S— S— CI  O— S— O  O—S— O 


O 
H-^0— O— S— O— O— H 

In  a  similar  manner  different  views  are  held  with  regard  to  the 
valency  of  several  of  the  other  elements. 

§  II.  Classification  of  Carbon  Compounds. 

(1060)  One  of  the  most  characteristic  differences  between 
carbon  and  the  other  elements  is  that  it  is  capable  of  uniting 
with  hydrogen  in  various  definite  proportions  to  form  a  great 
variety  of  compounds  termed  hydrocarbons.  These  are  of  great 
interest,  especially  from  a  theoretical  point  of  view,  since  all  carbon 
compounds  may  be  considered  as  derived  from  them  by  substi- 
tution, either  directly  or  indirectly.  It  is  for  this  reason  that 
many  chemists  define  organic  chemistry  as  the  chemistry  of  the 
hydrocarbons  and  their  derivatives. 
3  E 


50  HYDROCARBONS HOMOLOGOUS    SERIES.  [lo5l. 

(1061)  I.  Hydrocarbons. — -Carbon  heing  a  tetrad  element,  its 
atom  is  capable  of  uniting  with  at  most  four  atoms  of  hydrogen ; 
thus,  the  simplest  known  hydrocarbon,  containing  relatively  the 
smallest  amount  of  carbon  in  proportion  to  the  hydrogen,  is 
methane  or  marsh  gas,  which  has  the  composition  expressed  by 
the  formula  CH^. 

Methane  is  the  first  or  lowest  term  of  a  series  of  hydro- 
carbons of  gradually  increasing  complexity,  all  of  which  consist 
of  carbon  and  hydrogen  associated  in  the  same  proportion  as  in 
methane — namely,  that  expressed  by  the  general  formula ,  CJl^^^^  j 
n  atoms  of  carbon  being  always  associated  with  2n  +  2  atoms  of 
hydrogen.  In  the  following  list  the  names  and  formulae  of  the 
first  ten  members  of  the  series  are  given : — 

Methane CH^ 

Ethane CgHg 

Propane Qs^^s 

Tetrane C^H^^ 

Pentane ^5^12 

Hexane ^6^14 

Heptane ^yHjg 

Octane ^s^^is 

Nonane ^9^30 

Decane ^10^22' 

It  will  be  observed  that  between  each  successive  term  in  this 
series  there  is  a  constant  difference  of  CHg.      Bodies  which  are 
thus  related  to  one  another  are  said  to  be  homologous  (from  'ofiog, 
like  ;  Xoyoc,  a  word),  because  a  similar  description  is  applicable  to 
the   different   members   of  the   series,  since   they  are   not   only 
related  in  composition,  but  also  resemble  each  other  very  closely 
in  chemical  behaviour.      Substances  belonging  to  the  same  homo- 
logous series, however, generally  exhibit  a  certain  graduated  Ye\atioji 
in  physical  properties,  such  as  boiling-point,  specific  gravity,  &c. 
The    hydrocarbons    of   the    methane    or    marsh-gas    series, 
C^Hgn+g^  are  generically   termed  paraffins,  after  the  well-known 
wax-like  substance  paraffin,  which  is  principally  a  mixture  of  the 
higher  and  more  complex  members  of  the  series.      It   is   to   be 
remarked  that  the  paraffins  are  saturated  compounds,  that  is,  they 
cannot  enter  directly  into  combination  -,  they  are,  however,  capable 
of   yielding   derivatives  by   exchanging   one  or   more  atoms    of 
hydrogen  for  the  equivalent  quantity  of  another  element,  or  of 
one  or  more  of  the  groups  of  elements,  termed  compound  radicles. 
It  is  possible  to  remove  hydrogen  from  the  paraffins  by  certain 
known  methods,  and  thus  convert  them   into  unsaturated  hydro- 
carbons,  that  is,  hydrocarbons   which    are   capable    of    uniting 
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directly  with  some  of  the  elements,  notably  the  halogens.  It  is 
found,  however,  that  it  is  not  possible  to  obtain  hydrocarbons 
derived  from  the  paraffins  by  the  removal  of  an  odd  number  of 
hydrogen  atoms  ;  these  compounds,  in  fact,  do  not  appear  to  be 
capable  of  existing,  since,  in  all  reactions  where  their  formation 
might  be  expected,  we  obtain  a  compound  whose  molecular  formula 
is  double  that  which  would  be  assigned  to  such  a  hydrocarbon. 
Methane,  for  example,  when  treated  in  such  a  manner  as  to 
remove  one  atom  of  hydrogen  from  it,'  does  not  yield  CHg,  but 
the  hydrocarbon  CgHg,  which  may  be  regarded  as  being  formed 
by  the  union  of  CHg  with  CHg.  Whenever,  in  short,  the  hydro- 
carbons are  so  acted  upon  as  to  become  converted  by  loss  of 
hydrogen  into  hydrocarbons  containing  the  same  number  of 
carbon  atoms  in  the  molecule,  the  number  of  hydrogen  atoms 
eliminated  is  always  2,  or  some  simple  multiple  of  2.  From  this 
it  naturally  follows  that  the  number  of  hydrogen  atoms  in  the 
new  hydrocarbon  is  always  divisible  by  two.  A  series  of  hydro- 
carbons in  which  the  number  of  carbon  atoms  is  the  same,  but 
which  differ  by  Hg,  are  said  to  be  isologous. 

The  following  is  a  list  of  the  isologous  series  of  hydrocarbons 
of  which  up  to  the  present  time  members  have  been  obtained  and 
investigated : — 

^nHgnH-  2  ^^  Paraffin  series  of  hydrocarbons. 

CjjHgn      or  define  „ 

C^Hg^.  2  or  Acetylene  „ 

C^Hg^.  ^  or  Terpene  „ 

CnHgn—  6  or  Benzene  „ 

C^Hg^..  g  or  Cinnamene  „ 

CnH2n_jQ  or  Acetenylbenzene  „ 

^11^211-12  or  Naphthalene  „ 

C^H2^_i4  or  Diphenyl  ,, 

^nHgn-ie  or  Stilbene  „ 

^nHgn-is  or  Anthracene  „ 

CnH2n_2o  or  Benzylnaphthalcue  „ 

C^H2n_23  or  Pyrene  „ 

^J^2n-u  o^  Chrygene  „ 

C^H2n_26  or  Dinaphthyl  „ 


C^Hgn.gQ  or  Idrialene  „ 

CnH2n_32  or  Tetraphenylethylcue      „ 

Several  of  these  isologous  series  of  hydrocarbons  have  only  a 
single  representative ;  others  contain  two  or  three  homologues. 

E  2 
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Few,  however,  are  so  well  represented,  or  have  been  so  thoroughly- 
investigated  as  the  paraffins,  of  which  16  homologous  terms  are 
at  present  known,  besides  several  isomerides. 

(1062)  Haloid-derivatives  of  the  hydrocarbons.  —  By  the 
direct  action  of  chlorine  or  bromine  on  the  hydrocarbons,  one  or 
more  atoms  of  hydrogen  may  be  displaced  by  an  equivalent 
quantity  of  the  halogen ;  thus  the  action  of  chlorine  on  methane 
gives  rise  to  mono-,  di-,  tri-,  and  finally  tetra-chloromethane  : 

CH4  CH3CI  CH2CI3  CHCI3  CCI4. 

Similarly,  by  the  action  of  bromine  on  benzene,  CgHg,  the  follow- 
ing series  of  bromobenzenes  is  produced  : 

CgHgBr       .      .     .     .      .      .  Bromobenzene. 

CgH^Brg Dibromobenzene. 

CgHgBrg Tribromobenzene. 

CgH^Br^ Tetrabromobenzene. 

CgHBr^ Pentabromobenzene. 

CgBrg Hexabromobenzene. 

The  hydrogen  in  the  hydrocarbons  may  also  be  indirectly  displaced 
by  iodine. 

These  haloid  derivatives  are  a  most  important  class  of  com- 
pounds, inasmuch  as  they  serve,  in  many  cases,  so  to  speak,  as 
stepping  stones  from  the  hydrocarbons  to  other  classes  of  bodies, 
such  as  the  alcohols  and  acids ;  the  mono-haloid  derivatives  of 
the  paraffins  being  identical  with  the  so-called  haloid  ethers  : 
thus  monochlorethane,  CgHgCl,  and  ethylic  chloride  are  the  same 
substance. 

(1063)  Cyano-derivatives  of  the  hydrocarbons. — By  the  action 
of  metallic  cyanides  on  many  of  the  haloid  derivatives  of  the 
hydrocarbons,  more  particularly  the  iodo-derivatives,  the  cor- 
responding cyano-derivatives  are  produced;  thus  iodethane  when 
acted  upon  by  argentic  cyanide  is  converted  into  a  cyanoethane : 

CgHgl  +  AgCN  =  C^HglCN)  +  Agl. 

(1064)  NitrO'derivaiives  of  the  hydrocarbons. — In  some  cases 
the  direct  action  of  concentrated  nitric  acid  on  the  hydrocarbons 
effects  the  displacement  of  one  or  more  atoms  of  hydrogen  by  the 
monad  group  NOg,  giving  rise  to  nitro-compounds,  thus  : 

CeH,  +  HNO3  =  C,H,.NO,  +  OH,. 

Benzene.  Nitrobenzene. 

C,H,.NO,  +  HNO3  =  C,H,  (NO,),  +-  OH,. 

Nitrobenzene.  Dinitrobenzene. 

As   the    hydrocarbons   of  the  paraffin   series   and  many  others 
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cannot  be  converted  into  nitro- derivatives  by  this  means,  other 
methods  must  be  resorted  to ;  thus  the  mononitro-paraffins  may  be 
prepared  by  the  mutual  action  of  the  iodo-derivatives  of  the 
hydrocarbons  and  argentic  nitrite  : 

C,H,I  +  AgNOj  =  C^H^.NO,  +  Agl 

lodethane.  Nitroethane. 

(1065)  ^I-  Alcohols.- — The  alcohols  may  be  regarded  as  the 
hydroxyl  derivatives  of  the  hydrocarbons — that  is  to  say,  as 
derived  from  the  hydrocarbons  by  the  substitution  of  one  or 
more  OH  groups  for  the  same  number  of  hydrogen  atoms.  The 
alcohols  are  in  all  respects  the  analogues  of  the  metallic  hydrates, 
and  may  frequently  be  obtained  from  the  haloid  derivatives  of  the 
hydrocarbons  by  methods  which  are  similar  to  those  by  which  the 
metallic  hydrates  are  formed  from  the  metallic  chlorides,  &c. 
Thus  we  have,  for  example, 

CgHg.OH  corresponding  to  NaOH 

Ethylic  hydrate  (ordinary  alcohol).  Sodic  hydrate. 

C,H,(OH),  „  Ca(OH), 

Ethylenic  hydrate.  Calcic  hydrate. 

C,H,(0H)3  „  Bi(OH)3 

Glyceric  hydrate  (glycerin).  Bismuthic  hydrate. 

The  alcohols  are  appropriately  termed  monohydric,  dihydric, 
trihydric,  ^c,  according  to  the  number  of  semimolecules  of 
hydroxyl,  OH,  which  may  be  regarded  as  present ;  an  alcohol  con- 
taining one  OH  group  being  called  a  monohydric  alcohol,  if  it 
contains  two  such  groups  dihydric,  and  so  on.  Each  homologous 
series  of  hydrocarbons  appears  to  be  capable  of  yielding  a  cor- 
responding homologous  series  of  alcohols,  but  of  the  very  large 
number  which  are  theoretically  possible,  comparatively  few  are 
at  present  known.  The  monohydric  alcohols  derived  from  the 
paraffins  are  the  most  numerous  and  have  received  a  greater 
share  of  attention  than  any  others  ;  the  series  includes  several  well- 
known  substances,  such  as  ordinary  alcohol,  wood  spirit,  and 
amylic  alcohol  (fusel  oil).  Glycerin  again  is  a  trihydric  alcohol 
derived  from  the  third  term  of  the  paraffin  series  of  hydrocarbons, 
and  mannite  and  dulcite,  two  bodies  of  vegetable  origin,  are 
hexahydric  alcohols  derived  from  the  sixth  term  of  the  paraffin 
series,  being  intimately  related  to  that  most  important  group  of 
substances,  the  sugars.     Phenol,  moreover^  the  so-called  carbolic 
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acid,  is  the  monohydric  alcohol  of  benzene^  the  first  term   of  the 
CnH2n_6  seiics  of  hydrocarbons. 

(1066)  Thio-alcohols  or  mercaptans. — These  bear  the  same 
relation  to  the  alcohols  that  the  metallic  sulphydrates  bear  to  the 
metallic  hydrates,  as  will  be  evident  from  the  following  examples: — 


Alcohols. 

Thioalcohols. 

C,H,.OH 

Ethylic  hydrate. 

C,H,.SH 

Ethylic  sulphydrate. 

C,H,.OH 

Phenol. 

C,H,.SH 

Thiophenol. 

C,H,(OH), 

Ethylenic  hydrate, 

.  C,H,(SH), 

Ethylenic  sulphydrate. 

C3H,(OH)3 

Glyceric  hydrate. 

CsH^lSH), 

Glyceric  sulphydrate. 

MetaUic  hydrates. 

Metallic  sulphydrates. 

NaOH  Sodic  hydrate.         NaSH  Sodic  sulphydrate. 

Ca(0H)2      Calcic  hydrate.        Ca(SH)2      Calcic  sulphydrate. 

(1067)  Chlorhydrins,  BromhydrinSj  ^c.  —  Certain  haloid 
derivatives  of  the  hydrocarbons  are  converted  by  more  or  less 
prolonged  heating  with  water  into  corresponding  alcohols  ;  tri- 
chloropropane,  for  example,  may  thus  be  converted  into  glycerin  : 

C3H5CI3  +  3OH,  =  C3H,(OH)3  +  3HCI. 

Trichloropropane.  Glycerin. 

Many  of  the  alcohols  on  the  other  hand  when  heated  with  the 
haloid  acids  in  concentrated  aqueous  solution,  undergo  a  change 
which  is  of  the  reverse  order.  Thus  when  glycerin  is  heated 
with  hydrochloric  acid  it  is  acted  upon  in  the  manner  indicated 
by  the  following  equations : 

C3H5(OH)3  +  HCl  =  CgHgCKOH)^  +  OH2 ; 

Glycerin.  Monochlorhydrin. 

CjH^CKOH),  +  HCl  =  C3H,Cl,(OH)  +  OH,. 

Monochlorhydrin.  Dichlorhydrin. 

The  term  chlorhydrins  or  bromhydrins  is  applied  to  the  bodies 
formed  in  this  way  from  the  polyhydric  alcohols  in  which  one  or 
more  of  the  hydroxyl  groups  of  the  original  alcohol  still  remain 
intact.  The  term  has,  however,  in  one  or  two  cases  been  im- 
properly applied  to  the  haloid  derivative  formed  by  the  displace- 
ment of  all  the  hydroxyl  groups  in  an  alcohol  by  chlorine  or 
bromine,  for  example,  the  compound  trichloropropane,  C3H5CI3, 
derived  from  glycerin,  is  commonly  known  as  trichlorhydrin.  It 
is  evident  that  the  monohydric  alcohols  cannot  yield  chlorhydrins, 
since  they  only  contain  one  OH  group;  they  are  consequently 
converted  by  the  action  of  the  haloid  acids  into  mono-haloid 
derivatives  of  the  corresponding  hydrocarbons. 

The  chlorhydrins  and  bromhydrins   are   as  a   matter   of  fact 
simply  the  chlorinated  and  brominated  derivatives  of  alcohols   of 
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lower  hydricity  than  the  parent  alcohol.  Thus  the  dichlorhydrin 
of  glycerin,  a  trihydric  alcohol,  is  the  dichlorinated  derivative  of 
the  monohydric  propylic  alcohol,  as  is  shown  by  its  conversion 
into  that  alcohol  when  acted  upon  by  nascent  hydrogen : 

CgHgCl^.OH  +  2H3  =  C3H7.OH  +  i^HCl. 

Dichlorhydrin.  Propylic  alcohol.     , 

(1068)  III.  Ethers. — The  ethers  are  a  class  of  compounds 
which  bear  precisely  the  same  relation  to  the  alcohols  that  the 
metallic  oxides  bear  to  the  metallic  hydrates : — 

Alcohols,  Ethers. 

C2H5.OH      Ethylic  alcohol.        {Oc^'ii^)^^      Ethylic  oxide. 
C^E^iOU)^  Ethylenic  alcohol.    C^H^         Ethylenic  oxide. 
C3Hg(OH)3  Glyceric  alcohol.       (CgHgjgOg   Glyceric  oxide. 

Metallic  hydrates.  Metallic  oxides. 

NaOH  Sodic  hydrate.  Na^O  Sodic  oxide. 

Ca(0H)2       Calcic  hydrate.        CaO  Calcic  oxide. 

Bi(0H)3       Bismuthic  hydrate.  BigOg   •       Bismuthic  oxide. 

It  will  be  seen  later  on  that  not  only  are  the  methods  by  which 
it  is  possible  to  convert  the  alcohols  into  the  corresponding  ethers 
analogous  to  those  which  may  be  employed  in  the  preparation  of 
the  metallic  oxides  from  the  metallic  hydrates,  but  that  they  also 
bear  considerable  resemblance  to  the  metallic  oxides  in  chemical 
behaviour.  For  example,  many  of  them  are  readily  converted 
into  the  corresponding  alcohols  when  heated  with  water  just  as 
under  similar  conditions,  the  metallic  oxides  are  converted  into 
hydrates  : 

(C,H,),0     +      OH,     =     2C,H,.0H. 

Ethylic  oxide.  Ethylic  alcohol. 

Na^O      +      OH3      =      izNaOH. 

(1069)  Thioethers. — These  bear  the  same  relation  to  the 
ethers  that  the  thioalcohols  do  to  the  ordinary  alcohols  :  they  are 
the  analogues  of  the  metallic  sulphides  : 

Thioethers.  Metallic  sulphides. 

(CgHJgS  Ethylic  sulphide  NagS   Sodic  sulphide. 

(CgH  jgS  Phenylic  sulphide 

CgH^S       Ethylenic  sulphide         CaS     Calcic  sulphide. 

(1070)  IV.  Aldehydes. — The  aldehydes  are  the  characteristic 
oxidation  products  of  the  so-called  primary  alcohols,  and  are 
formed  from  the  latter  by  the  removal  of  hydrogen.  This  may 
be  regarded  as  taking  place  in  such  a  manner  that  the  monad 
group,  CH2.OH,  which  is  common  to  all  the  primary  alcohols,  is 
thereby  converted  into  the  group  (COH)' ;  so  that;  if  the  primary 
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alcohols  be  represented  by  such  general  formulae  as  ^'(CHg.OH), 
E"(CH2.0H)2,  &c.,  the  corresponding  aldehydes  will  be  repre- 
sented by  the  formulae  R^COH,  R''(C0H)2,  &c.  The  aldehydes 
may  therefore  be  regarded  as  hydrocarbon  derivatives  formed  by 
the  displacement  of  hydrogen  by  the  monad  group,  COH. 

They  are  readily  reconverted  into  the  corresponding  primary 
alcohol  by  the  action  of  nascent  hydrogen  : 


R'(COH) 
CH3.COH 

+ 
+ 

H^ 
H, 



^'(CHg.OH) 
CH3.CH2OH 

Acetic  aldehyde. 

EthyUc  alcohol. 

With  the  exception  of  a  few  aldehydes  of  the  form  E;''(C0H)2, 
all  those  at  present  known  have  been  derived  from,  or  cor- 
respond to,  the  primary  monhydric  alcohols  which  have  the  form 
^'(CHg.OH).  The  best  known  are  the  homologous  aldehydes  of 
the  acetic  and  benzoic  series,  C^Hgn+ilCOH)  and  CaH2n_7(COH). 
Considerable  interest  attaches  to  this  class  of  bodies  from  the 
numerous  and  interesting  reactions  in  which  they  take  part. 

(1071)  V.  Acids. — Even  at  the  present  time  the  name  "acid^^ 
is  given  in  a  very  inconsequent  manner  to  a  large  number  of 
substances  which  have  been  shown  to  belong  to  totally  distinct 
classes  of  compounds.  In  the  case  of  the  carbon  compounds, 
however,  chemists  are  beginning  to  appreciate  the  importance 
of  precision  in  nomenclature,  and  to  class  as  true  acids  only  those 
compounds  which  behave  similarly  under  certain  test  conditions. 

Bodies  are  ordinarily  said  to  be  acids,  or  to  have  acid  properties, 
if  they  are  capable  of  yielding  so-called  metallic  salts  when  acted 
upon  by  the  metallic  hydrates.  There  are  many  substances, 
however,  such  as  phenol  and  alcohol,  which  possess  this  property, 
so  that  the  capability  of  exchanging  hydrogen  for  a  metal  is,  if 
taken  alone,  an  altogether  insufficient  criterion. 

All  the  true  acids,  with  which  we  are  at  present  acquainted, 
may  be  included  in  one  or  other  of  the  following  groups : — 

(1073)  a.  Carboxylic  or  Car  bo- Acids. — When  the  aldehydes  are 
carefully  oxidized  they  unite  with  an  amount  of  oxygen  equivalent 
to  the  amount  of  hydrogen  removed  in  their  formation  from  the 
primary  alcohols,  and  are  converted  into  acids ;  for  example  : 


C,H,0     - 

H. 

=     C,H,0 

khylic  alcohol. 

Aldehyde. 

CsH.O      + 

0 

=    c,HA 

Aldehyde. 

Acetic  acid. 

These  acids  are  also  formed  by  other  methods  besides  that 


I075-]  ACIDS. 


57 


just  described,  and  a  consideration  of  these  and  of  the  behaviour 
of  the  bodies  when  submitted  to  the  action  of  various  reagents, 
have  led  chemists  to  the  conclusion  that  just  as  the  group 
(CHg.OH)'  may  be  regarded  <ls  common  to  the  primary  alcohols, 
and  the  group  (COH)'  as  common  to  the  aldehydes,  so  the  group 
carboxyl  (CO.OH)'  may  be  regarded  as  common  to  all  acids  which 
exhibit  the  behaviour  of  the  acids  derived  from  the  primary 
alcohols  by  oxidation.  The  carboxylic  acids  may  accordingly  be 
represented  bysuch  general  formulae  asR'(CO.OH)',  R''(C0.0H)'2, 
Il'''(C0.0H)'3,  &c.  They  form  a  most  important  group  of 
carbon  compounds,  the  greater  number  of  the  so-called  organic 
acids  at  present  known  being  carboxylic  acids. 

(1073)  b.  Sulphonic  or  Sulpho- Acids. — It  is  evident  that  the 
group  CO.OH  may  be  viewed  as  formed  from  dibasic  carbonic 
acid  C0(0H)2,  by  the  removal  of  OH.  The  presence  of  the 
group  SOg.OH,  which  has  the  same  relation  to  sulphuric  acid, 
S02(OH)2,  as  the  group  CO.OH  has  to  carbonic  acid,  C0(0H)2, 
may  be  regarded  as  characteristic  of  the  sulphonic  acids  or  sulpho- 
acids,  which  are  an  important  class  of  compounds.  They  are 
usually  formed  by  the  action  of  sulphuric  acid  on  the  hydro- 
carbons, &c.,  and  are  represented  generally  by  such  formulae  as 
K'lSOg.OH),  R"(S02.0H)2,  &c. 

(1074)  c.  Sulphinic  Acids. — A  few  acids  have  been  obtained 
of  the  form  Il'(SO.OH),  R''(S0.0H)2,  derived  from  sulphurous 
acid  in  the  same  way  that  the  sulphonic  acids  are  derived  from 
sulphuric  acid.  They  may  be  termed  sulphinic  acids.  They  are, 
however,  of  little  interest,  except  from  a  theoretical  point  of  view. 

(1075)  ^'  Phosphonic  Acids. — The  relation  of  these  acids  to 
phosphoric  acid  will  be  evident  on  inspection  of  the  following 
formulae : 

P0(0H)3         ;  R'.P0(0H)2  ;  IIV^O(OH) 

Phosphoric  acid.  Phosphonic  acids. 

A  very  limited  number  of  such  acids  have  as  yet  been  obtained. 

As  previously  mentioned,  there  are  various  compounds  which 
are  frequently  classed  with  the  true  acids,  because  they  resemble 
them  to  a  certain  extent  in  their  chemical  behaviour,  although 
their  method  of  formation  and  the  action  of  certain  reagents  on 
them  show  that  they  really  belong  to  a  different  class  of 
compounds. 

The  principal  derivatives  furnished  by  the  carbo- acids  are 
metallic  salts,  haloid  salts,  ethereal  salts,  acid  chlorides,  bromides, 
and  iodides,  add  amides,  and  haloid  derivatives. 
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(1076)  Metallic  Salts. — One  of  the  most  characteristic  pro- 
perties which  the  acids  possess  is  that  of  forming  metallic  salts 
"when  submitted  to  the  action  of  metallic  carbonates^  the  change 
consisting  in  the  displacement  of  one  or  more  hydrogen  atoms  in 
the  acid  by  the  equivalent  amount  of  a  metal.  It  is  found  that 
the  maximum  number  of  atoms  of  hydrogen  thus  displaceable, 
or,  as  it  is  termed,  the  basicity  of  the  acid,  is  in  direct  relation 
to  the  number  of  COOH  groups  present  in  it ;  so  that  if  an 
acid  contains  the  carboxyl  group,  COOH,  once  it  is  said  to  be 
monobasic,  if  twice,  dibasic,  and  so  on.  Those  salts  which  are 
formed  from  the  acids  by  the  displacement  of  the  maximum 
number  of  hydrogen  atoms  by  metal  are  termed  normal  salts, 
whilst  those  salts  which  are  formed  by  the  displacement  of  a  part 
only  of  the  hydrogen  are  called  acid  salts.  The  composition  of 
the  normal  salts  of  the  monobasic,  dibasic,  and  tribasic  acids  is 
represented  by  the  general  formulae : 

R'(CO.OM0     ;     Il"(CO.OM02     ;     R'''(CO.OM%, 
where  M  is  a  monad  metal ;  the  composition  of  the  acid  salts  of 
dibasic  and  tribasic  acids  containing  monad  metal  being   repre- 
sented by  the  formulse : 

rmrom  (CO(OH)  fCO(OH) 

(i^w^uivi;  [CO(OMO  [CO(OM0 

The  normal  salts  of  many  of  the  monobasic  acids  also 
furnish  so-called  acid  salts  of  the  form  R'.CO(OM0,  R'.CO(OH), 
such  as  the  compound  of  acetic  acid  with  potassic  acetate, 
CH3.COOK,  CH3.COOH ;  whilst  the  union  of  a  normal  salt  with 
one  or  more  molecules  of  metallic  oxide  produces  a  so-called 
basic  salt,  of  which  the  basic  plumbic  acetates  — (C2H302)2Pb^PbO 
and  (C2H302)2Pb,2PbO — may  serve  as  examples. 

(1077)  Haloid  Salts. — A  haloid  salt  may  be  regarded  as  a 
normal  metallic  salt  in  which  the  metal  is  displaced  by  the 
equivalent  quantity  of  a  halogen.  Comparatively  few  of  these 
compounds  are  at  present  known.  Schiitzenberger,  however,  has 
described  the  following,  which  are  derivatives  of  acetic  acid : 

Chlorine  acetate CHj.COtOCl). 

Bromine      „  CHg.COlOBr). 

Iodine  „  (0113.002)31"'. 

The  first  two  of  these  are  the  analogues  of  sodic  acetate, 
CH3.C0{0Na),  whilst  the  third  is  the  analogue  of  bismuthic 
acetate,    {CR^.COc^^Bi''',     These    haloid    salts,   which  are  very 
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unstable  compounds,  are  never   obtained  by  tbe  action  of  the 
halogens  on  the  acids. 

(1078)  Ethereal  Salts. — These  bodies,  which  are  sometimes 
called  compound  ethers,  are  related  to  the  alcohols  in  the  same 
way  that  the  metallic  salts  are  to  the  metallic  hydrates,,  and  may 
consequently  be  regarded  as  formed  from  the  acids  by  the  dis- 
placement of  H  in  the  COOH  group  by  the  so-called  positive 
alcohol  radicles — thus  : 


CH3.COOH        +      NaOH      = 

CH3.C00Na      +     OHg. 

Acetic  acid.                        Sodic  hydrate. 

Sodic  acetate. 

CH3.C0(0H)     +      C2H5.OH      = 

CHg.COlOC^Hg)     +     OHg. 

Acetic  acid.                          Ethylic  hydrate. 

Ethylic  acetate. 

Normal  and  acid  ethereal  salts  exist  corresponding  to  the  normal 
and  acid  metallic  salts. 

(1079)  Acid  Chlorides  J  Bromides,  and  Iodides. — These  com- 
pounds are  the  characteristic  products  of  the  action  of  the  haloid 
phosphorus  compounds  on  the  acids  or  their  metallic  salts.  They 
are  formed  by  the  displacement  of  OH  in  the  COOH  group  by 
chlorine,  bromine,  or  iodine  : 

3CH3.CO(OH)  +  PCI3     =     3CH3.COCI  +  PO3H3. 

Acetic  acid.  Acetic  chloride. 

C2H,(CO.OH)2  +  2VC\     =     CgH.lCOCl)^  +  2POCI3  +  2HCI. 

Succinic  acid.  Succinic  chloride. 

(1080)  Acid  Amides. — This  name  is  applied  to  a  class  of 
compounds  formed  by  the  action  of  ammonia  on  the  acid  chlorides, 
or  the  normal  ethereal  salts,  and  also  by  distillation  of  the  normal 
ammonic  salts  of  the  acids.  We  may  consider  them  as  formed 
from  the  acids  by  the  displacement  of  OH  in  the  COOH  group 
by  {Wn^Y : 

CH3.COCI  +  :2NH3         =      CH3.CO(NH2)  +  NH^Cl. 

Acetic  chloride.  Acetamide. 

CH3.CO(OC2H5)  +  NH3     =     CH3.CO(NH2)  +  C^Hg.OH. 

Ethylic  acetate. 

CH3.C0(0NHJ  =     CH3.CO(NH2)  +  OH^. 

Ammonic  acetate. 

The  so-called  amic  acids  and  acid  imides  are  closely  related 
to  the  acid  amides.  The  nature  of  the  relationship  will  be 
evident  from  the  following  formulae  : 
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Acid 

Amic  acid    . 

Acid  amide  . 

Acid  imide  . 


CgH^I^Q^jjl   Succinic  acid. 
^2^4.1  rn(nu'     Succinamic  acid. 

CgH^jp^lNH   Succinimide. 


(1081)  Haloid  derivatives  of  the  acids. — By  the  action  of  chlo- 
rine or  bromine  on  the  acids  one  or  more  atoms  of  hydrogen  may  be 
displaced  by  the  haloid,  giving  rise  to  comparatively  stable  haloid 
derivatives,,  e.g.  : 


CH3.COOH 

-    Acetic  acid. 

CH3CI.COOH 

Monochloracetie  acid. 


+  CL      = 


+  CL 


CHgCl.COOH 


CHCL.COOH     +  CL 


Dicliloracetic  acid. 


+  HCL 

Monochloracetie  acid. 

CHClg.COOH  +  HCL 

Dichloracetic  acid. 

CCI3.COOH  +  HCL 

Trichloracetic  acid. 


Like  the  original  acids  these  haloid  derivatives  are  capable  of 
yielding  metallic  and  ethereal  salts^  acid  chlorides^  acid  amides,  &c. 
Almost  all  the  foregoing  remarks  on  the  carbo-acids  apply 
generally  to  the  sul phonic  acids.  As  but  few  of  the  sulphinic  and 
phosphonic  acids  are  at  present  known,  it  will  be  better  to  con- 
sider their  characteristic  properties  when  the  individual  compounds 
are  described. 

(J082)  VI.  Acid  Anhydrides. — These  compounds,  which  may 
generally  be  obtained  by  the  action  of  the  acid  chlorides  on  the 
acids,  bear  the  same  relation  to  the  acids  that  the  ethers  do  to 
the  alcohols  : — 


CH3.C0(0H) 

Acetic  acid. 

„  „  fCO(OH) 
^2"*|cO(OH) 

Succinic  acid. 


CH3.COI 

CH3.CO) 

Acetic  anhydride. 
Succinic  anhydride. 


C,H,.OH 

Alcohol. 
Ethylenic  alcohol. 


C.HJ 
C.HJ 

Ether. 


O. 


c,H,o. 


Ethylenic  oxide 
or  ether. 


They  are  reconverted  into  acids  by  the  action  of  water. 

(1083)  VII.  Ketones. — The  ketones  or  acetones  are  a  class 
of  compounds  closely  related  to  the  aldehydes,  and  may  be 
regarded  as  derived  from  them  by  the  displacement  of  H  in  the 
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COH  group  by  the  so-called  positive  alcohol  radicles ;  thus  we  have 


CHg-COlCHg)    derived  from 

Dimethylketone, 

C,H,.C0(CH3) 

Methylphenyl  ketone. 


CH3.COH 

Aldehyde. 

CgHg.COH 

Benzoic  aldehyde. 


Although  the  ketones  closely  resemble  the  aldehydes  in  many 
respects,  they  may  be  distinguished  from  them  by  their  beha- 
viour with  oxidizing  agents ;  the  aldehydes  yielding  an  acid 
containing  the  same  number  of  carbon  atoms  as  the  original 
compound,  whilst  the  ketones  are  converted  into  acids  containing 
fewer  atoms  of  carbon  in  the  molecule  than  the  original  ketone. 

(1084)  VITI.  Amines  and  Allied  Compounds. — The  com- 
pounds included  in  this  most  important  class  are  generally 
regarded  as  derivatives  of  ammonia  in  which  a  part  or  the  whole 
of  the  hydrogen  is  displaced  by  hydrocarbon  groups,  or  so-called 
positive  alcohol  radicles.  They  are  known  as  monatnines,  diamines, 
or  triamines,  according  as  they  are  derived  from  a  single  mole- 
cule, two  molecules,  or  three  molecules  of  ammonia.  Moreover, 
primary,  secondary,  and  tertiary  monamines,  diamines,  and 
triamines  are  distinguished ;  the  primary  amines  being  formed 
by  the  displacement  of  one-third,  the  secondary  amines  by  the 
displacement  of  two-thirds,  and  the  tertiary  amines  by  the  dis- 
placement of  the  whole  of  the  hydrogen  in  the  one,  two,  or  three 
molecules  of  ammonia,  as  the  case  may  be.  A  few  compounds 
intermediate  in  composition  between  the  primary  and  secondary 
and  secondary  and  tertiary  amines  are  also  known.  The  com- 
position of  the  more  general  forms  of  amines  is  given  by  the 
following  general  formulae,  in  which  the  symbols  R',  R'',  'R'"^ 
indicate  respectively  a  monad  dyad^  and  triad  radicle : — 


N 


Primary. 

H 
H 


r 


•N„ 


i  N 

•c 


Secondary. 

E' 

N  i  E' 

H 


Tertiary, 


N^E^     NJ^r^E' 


E'"        ( U"         ( E" 
H  (E"  E^ 


E'"         { "SF  (  Ei' 

Hs         IH3  (H3 


N, 


E'" 
E'" 
E'" 
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The  primary  amines  may  also  be  regarded  as  amidogen  (NHg) 
derivatives  of  the  hydrocarbons — that  is  to  say,  as  formed  from 
the  hydrocarbons  by  the  displacement  of  one  or  more  atoms  of 
hydrogen  by  the  same  number  of  monad  NHg  groups.  For 
example,  aniline  may  be  represented  either  as  derived  from 
ammonia,  NHg,  by  the   displacement  of  one  of   the  hydrogen 

atoms  by  the  radicle  phenyl,  CgHg,  thus  :  N  j  H      {phenylamine), 

or  as  derived  from  benzene,  CgHg,  by  the  displacement  of  the 
hydrogen  atom  by  the  monad  amidogen  group  NHg,  thus : 
CgH5(NH2)'  {aniidobenzene).    • 

The  amines,  as  a  rule,  combine  directly  with  the  acids  to 
form  substituted  ammonium  salts,  from  which  the  amine  can  again 
be  liberated  on  the  addition  of  an  alkali.     Thus  : 


C,H,NH,  +  HCl 

=      C2H5.NH3CI. 

Ethylamine. 

Ethylammonic  chloride. 

C2H5.NH3CI    +    KOH      = 

C.H^.NH,    +    KCl 

+    OH, 

Ethylammonic  chloride. 

Ethylamine. 

Or  generally 

R'.N'''H2  +  HCl 

=     R'.N'HjCl. 

R^.N^HgCl  +  KOH      = 

B,'.N"'H2  +  KCl  + 

OH,. 

The  diamines  and  triamines  can  combine  respectively  with  at 
most  two  and  three  molecules  of  a  monobasic  acid :  many,  how- 
ever, do  not  unite  with  so  large  a  proportion  of  acid. 

Many  of  the  tertiary  amines  combine  directly  with  the  haloid 
hydrocarbon  derivatives,  such  as  ethylic  iodide,  CgHgl,  and 
ethylenic  bromide,  CgH^Br^,  thus  : 

N(C,H,)3  +  C,H,I     =       N(C,H,),L 

Tricthylamine.  Tetrethylammonic  iodide. 

When  the  compounds  so  produced  are  treated  with  moist  argentic 
oxide  the  halogen  is  replaced  by  OH,  and  bodies  are  obtained 
which  may  be  regarded  as  derivatives  of  ammonic  hydrate, 
NH,.OH : 

2N(C,H,),I  +  Agp  +  OH,    =    2N(C,H,),.0H  +  ^Agl. 

Tetrethylammonic  iodide.  Tetrethylammonic  hydrate. 

These  compounds  closely  resemble  ammonic  hydrate  and  the 
alkaline  hydrates  in  chemical  behaviour,  precipitating  the  various 
metals  from  their  solutions  as  hydrates,  &c. 

Bodies    corresponding    to   the  amines    have    been    obtained 
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containing   phosphorus^    arsenic^   or    antimony   in   place   of  the 
nitrogen. 

(1085)  IX.  Organo -Metallic  Compounds. — These  are  con- 
veniently regarded  as  compounds  of  the  metals  with  monad 
hydrocarbon  groups,  the  so-called  positive  alcohol  radicles.  The 
following  is  a  list  of  some  of  the  principal  members  of  this 
class  of  compounds  :  ^ 

Zn(CH3)2        Zinc  methyl  or     Zincic  methide. 

Zn(C2H5)2         „     ethyl  ,,  „      ethide. 

Hg(C2H5)2      Mercury  ethyl         ,,     Mercuric  ethide. 

HglCgHg)^  ,,         phenyl      „  ,,        phenide 

Hg^CioH^)^  „         naphthyl  ,,  „        naphthide 

Bi (€2115)3        Bismuth  ethyl         „      Bismuthic  ethide 

Pb(C3H5)^       Lead  ethyl  ,,     Plumbic  ethide. 

Sn(C2Hg)2  i,      Stannous  ethide. 

Sn(C2H5)4  „      Stannic  ethide. 

Sn2(C2Hg)g  ,,'     Distannic  hexethide. 

In  addition  to  the  substances  which  may  with  certainty  be 
referred  to  one  or  other  of  the  above  well-defined  classes,  there 
are  many  compounds  which  exhibit  the  distinctive  characters  of 
more  than  one  class  :  lactic  acid,  C2H^(0H).C00H,  for 
example,  may  be  said  to  be  both  acid  and  alcohol,  exhibiting,  as 
it  does,  the  properties  of  both  classes  of  compounds.  Again,  the 
compound  CgH^(NH2).C00H,  amidobenzoic  acid,  is  at  the 
same  time  amine  and  acid;  for  like  all  bodies  which  contain 
the  CO. OH  group,  it  is  capable  of  yielding  a  series  of  metallic 
salts,  and  like  the  amines  it  is  also  capable  of  combining  with 
acids.  It  will  be  unnecessary  to  form  special  classes  to  include 
such  compounds,  as  they  may  be  most  conveniently  arranged  as 
subsidiary  groups  derived  from  the  members  of  the  primary 
series.  Thus  the  acids  like  lactic  acid  are  most  conveniently 
treated  as  monoxy-derivatives  of  the  acids  of  the  acetic  series,  and 
bodies  such  as  amidobenzoic  acid  as  amido-derivatives  of  the 
acids  of  the  benzoic  series. 

The  simple  nature  of  the  relation  between  the  corresponding 
terms  of  the  heterologous^  series  above  defined  will  be  better 
appreciated  on  inspection  of  the  table  given  on  pp.  64,  6^,  in  which 
the  diflPerent  classes  of  compounds  are  so  arranged  that  all  those 
bodies  which  are  placed    in   the  same  vertical  column  are  homo- 


*  From  ercpos  different,  and  \6yos — a  term  applied  to  bodies  which,  although 
nearly  related  to  one  another,  have  a  different  constitution. 


64 


THEORY    OF   COMPOUND    RADICLES. 


[1085. 


logons,  or  similar  in  constitution ;  whilst  those  which  are  placed 
in  different  columns  are  heterologous  or  dissimilar  in  constitution 
and  in  chemical  characters. 

Table  to  Illustrate  the  Arrangement  oj 


Hydrocar- 
bons. 

^11320+2. 

Monohaloid- 
derivatives. 

CnHan+lCl. 

Amines. 

C^Hju+i-NH^. 

Alcohols. 

CnHgn+l  •  OH. 

Thioalcohols. 
C„H2„+i.SH. 

Ethers. 
(CnHan+O^O. 

1.  CH, 

2.  C,H, 

7.  C,H,, 

8.  CgH.g 

9.  C9H20 

10.  C,„H^ 

CH3CI 

C,H,C1 

C3H,C1 

C4H9CI 

C,H,,C1 

C,H,3C1 

C,H„C1 

CgH^Cl 

C,H,,C1 

C,oH,,Cl 

CFT3.NH, 

C.H^.NH, 

C3H,.NH2 

CH.NH, 

C^Hu-NH, 

CeH,3.NH, 

CH3.0H 
an,.  OH 
C3H..0H 

C,H„.OH 
C,H,,.OH 

CfiH.g.OH 

an,,. OH 

C8H,;.0H 
C,H,3.0H 
C,oH,..OH 

CH3.SH 
C,H,.SH 

CgH-.SH 

(1H„.SH 
C,H„  .SH 
CeH,3.SH 

(CH3),0 

(C,H,),0 
(C3H,),0 

(C^HJ.O 

§  III.   Theory  of  Compound  Radicles. 

(1086)  Liebig  explained  the  similarity  in  properties  between  the 
terms  of  homologous  series  by  supposing  the  existence  in  each,  of  a 
certain  group  of  elements  which  he  regarded  as  the  radicle  of  the 
series.  In  fact,  he  made  the  theory  of  compound  radicles,^  as  it 
is  termed,  the  basis  of  his  classification,  and  defined  organic 
chemistry  to  be  the  chemistry  of  compound  radicles.  Accord- 
ing to  this  supposition,  the  basis  of  each  ether,  for  example,  is  a 
hydrocarbon,  from  which  all  the  heterologous  bodies  of  the  series, 
or  bodies  not  analogous  in  composition  are  derived ;  thus : 


Compound  Radicle. 
Methyl     .     .     .     .     CH 
Ethyl  .... 
Amyl .....     C.H 


C.H, 


Ether  or  Oxide  of  the  Radicle. 
Methylic  ether    .     (CHg)^ 
Ethylic  ether       .     {Ofi,)fi 
Amylic  ether       .     (C.H^J^O 


Alcohol,  or  Hydrated  Oxide. 

Methylic  alcohol  (wood  spirit)    .     .     .     CHg .  OH 

Ethylic  alcohol  (alcohol) C^Hg .  OH 

Amylic  alcohol  (fusel  oil)      ...  "*  ""^      ^" 


CAx-OH 


*  The  German  term  radihal  (from  the  Latin  radix,  a  root)  is  commonly, 
but  inaccurately,  translated  radical,  which  is  properly  an  adjective,  the  word 
radicle  being  the  appropriate  rendering.  A  radicle  may  consist  of  a  single 
elementary  atom,  and  it  then  forms  a  simple  radicle  ;  or  it  may  consist  of  a 
group  of  atoms,  in  which  case  it  constitutes  a  compound  radicle. 
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According  to  this  theory  each  simple  ether  is  the  oxide  of  the 
electro -positive  hydrocarbon  which  forms  the  radicle  of  the  series ; 
the  corresponding  alcohol  is  the  hydrated  oxide  of  the  same  radicle^ 

Heterologous  Compounds  in  Homologous  Series. 


Thioethers. 

Aldehydes. 

(CnH2n+i)2S. 

CnH^n+i.COH. 

(C,H,),S 

CH3.COH 

C2H5  .COH 

C3H,.C0H 

C.Hg.COH 

CgHii.COH 

CetI,3.C0H 

C.Hi-.COH 

CgHi^.COH 

CgHi,.COH 

Ketones. 

(CnH2n+i)2C0 


Acids. 
CnH2„+iC0(0H) 


(CH3),C0 

(C.,H,)2C0 
(C,H,),CO 
(C,B„)2C0 


{C,-R,,),GO 


CH3.C0(0H) 

C2H,.C!0(0H) 

C3Hy.C0(0H) 

C,jHg.CO(()H) 

C5ll„.C0(0H) 

CeH,3.C0(0H) 

C,H,,.CO(0H) 

CgH^.COCOH) 

C,H,,.CO(OH) 

C,„H2i.C0(0H) 


Anhydrides. 

(C.H2n+jCO)20 


(CH3 .  C0)20 
(C2H5.CO)20 
(C3H, .  C0)20 
(C,H9.C0)0 
(C,B„  .  C0)20 


Organo-metallic 
compounds. 

(CnH2n+i)2Zn. 


(CH3)2Zn 

(aH,),Zn 

(C3H,)2Zn 

{C,H9),Zn 

(C5Hi,),Zn 


and  the  mono-haloid  derivatives  or  so-called  hydrochloric,  hydro- 
bromic,  and  hydriodic  ethers,  are  compounds  in  which  chlorine, 
bromine,  or  iodine  have  united  with  the  radicle — ^just  as  in  the 
corresponding  compounds  of  a  metal ;  in  the  ethyl  series,  for 
instance,  the  compound  group  termed  ethyl,  CgHg,  discharges  a 
function  in  these  compounds  anak)t^ous  to  that  of  potassium  in  the 
salts  of  this  metal,  so  that  representing  ethyl,  CgH^,  by  Et,  the  two 
series  would  run  as  follows  : 


Potassic  chloride 

KCl 

Ethylic  chloride    . 

EtCl 

Potassic  iodide 

.   KI 

Ethvlic  iodide  . 

EtI 

Potassic  hydrate 

.    KOH 

Ethylic  hydrate     . 

EtOH 

Potassic  oxide . 

.  K^O 

Ethylic  oxide  . 

EtgO 

It  is  true  that  the  theory  of  compound  radicles  supposes  the 
existence  of  a  number  of  substances  which  have  not  been  isolated, 
and  which  have  no  separate  existence.  Gerhardt,  however^  who 
is  usually  followed  by  later  writers,  expressly  rejects  isolability 
as  constituting  any  part  of  his  idea  of  a  radicle  {Traite,  t.  iv. 
p.  569).  He  says:  "Let  it  be  clearly  understood  that,  in 
speaking  of  a  radicle,  I  do  not  indicate  any  substance  under  the 
form  and  with  the  properties  which  it  would  have  in  an  isolated 
condition ;  but  I  distinguish  by  it  simply  the  proportion  in 
which  certain  elements,  or  groups  of  elements,  may  be  sub- 
^stituted  for  others,  or  may  be  transferred  from  one  body  to 
another  in  the  process  of  double  decomposition.'"'  The  theory, 
3  F 
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indeed,  caiiDot  he  supposed  to  afford  a  correct  representation  of 
the  constitution  of  organic  hodies ;  but  it  is  a  convenient  fiction, 
which  materially  facilitates  the  retention  of  the'r  composition  in 
the  memory,  and  the  comprehension  of  the  changes  which  such 
compounds  undergo.  One  of  the  first  groups  to  which  it  was 
systematically  applied  by  Liebig  and  Wohler  was  that  derived 
from  the  essential  oil  of  bitter  almonds.  This  oil  was  regarded 
by  these  chemists  as  containing  an  organic  radicle,  to  which  they 
gave  the  name  of  benzoyl,  C^H^O,  and  which  may  be  conve- 
niently distinguished  by  the  symbol  Bz.  Although  unsuccessful 
in  the  attempt  to  isolate  this  radicle,  they  succeeded  in  trans- 
ferring the  group  of  which  it  was  supposed  to  consist  from  one 
elementary  substance  to  another,  and  in  causing  it  to  enter  into 
combination  with  other  groups ;  and  by  the  aid  of  this  hypo- 
thesis they  were  enabled  to  give  as  simple  and  intelligible  an 
account  of  the  mode  in  which  the  compounds  derived  from  the 
oil  were  formed,  as  though  they  had  been  dealing  with  the  salts 
or  other  compounds  of  a  metal.  The  advantages  thus  obtained 
may  be  rendered  evident  by  comparing  the  empirical  formulae  of 
some  of  these  compounds  with  those  in  which  the  same  bodies 
are  represented  as  containing  the  organic  radicle  : 


Empirical 
Formula. 

C,Hp  = 

Bz 

Oil  of  bitter  almonds     . 

C:H30 

BzH 

,     Benzoyl  hydride 

Benzoic  acid  .... 

C.H.O, 

BzOH 

.     Benzoyl  hydrate 

Chlorinated  compound  . 

C^H.OCl 

BzCl 

.     Benzoyl  chloride 

Sulphur  compound  .     . 

c..h;,o,s 

Bz,S 

.     Benzoyl  sulphide 

Cjanogen  compound     . 

CgH.ON 

BzCN 

Benzoyl  cyanide 

It  is,  moreover,  to  be  observed,  that  many  substances  corre- 
sponding in  composition  to  certain  of  the  organic  radicles  may  be 
isolated.  The  existence  of  cyanogen  as  an  electro-negative  organic 
radicle,  and  the  remarkable  analogy  in  its  mode  of  combination 
to  that  of  chlorine  and  the  halogens,  were  known  long  before 
Liebig  had  attempted  to  generalize  the  theory  of  organic  radicles. 

A  large  number  of  the  hydrocarbon  radicles  which  have  at 
present  been  studied  are  monads,  others  are  dyads,  and  a  few  are 
triads.  No  isolated  radicle  is  known,  the  molecule  of  which 
contains  an  uneven  number  of  atoms  of  hydrogen  ;  though  so- 
called  isolated  radicles  with  an  even  number  of  atoms  of  hydrogen 
are  of  frequent  occurrence. 

I.  All  radicles  hitherto  admitted  of  the  form  CJl^n+n  such  as 
methyl,  CHg,  ethyl,  CgH^,  or  amy  1,  CgH^^,  are  monads  :  as  is  seen 
in  ethylic  chloride,  CgH^Cl,  and  amylic  iodide,  CglTj^I  ;  and  in 
isolated  ethyl  or  ethylic  ethide,  CgHg.C^Hg. 
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2.  Radicles  of  the  form  C^Hg^,  such  as  ethylene^  ^2^4^ 
propylene,  CgHg,  and  octylene,  CgH^g,  are  dyady  as  in  ethylenic 
chloride,  C^H^Clg.      Such  radicles  may  exist  in  the  free  state. 

3.  A  radicle  of  the  form  C^Hg^.^  is  in  certain  cases  triad, 
in  others  monad;  CgH.,  for  example,  is"  triad  in  glycerin, 
C3H5(OH)3,  but  monad  in  allylic  alcohol^  CgH^.OH,  and  in  allylic 
chloride,  C3H5CI. 

A  radicle  may  as  a  rule  be  made  to  change  its  valency, 
or,  as  it  is  sometimes  called,  its  basicity,  by  the  removal  of 
hydrogen,  the  valency  being  increased  by  unity  for  each  atom 
of  hydrogen  which  is  withdrawn.  As  an  example  of  this  we  may 
take  methane  or  marsh  gas,  which  is  a  saturated  body  :*  by 
acting  upon  this  gas  with  chlorine,  i^  2,  3,  and  4  atoms  of 
hydrogen  may  be  removed  in  succession^  and  a  corresponding 
number  of  atoms  of  chlorine  substituted  : 

Methane  (methylic  hydride) CH^ 

Monochloromethane  (methylic  chloride)       .      .      .  CH3CI 

Dichloromethane  (methylenic  chloride)  ....  CHgClg 

Trichloromethane  (chloroform) CHCI3 

Tetrachloromethane  (carbonic  tetrachloride)     .      .  CCl^ 

These  four  derivatives  of  methane  may  be  regarded  respectively 
as  compounds  of  the  following  four  radicles  with  chlorine  : 

Monad (CH3)'  or  C^H^.^i 

Dyad (CH,)''  or  C,H,„ 

Triad (CH)^''  or  CJ1^,_^ 

Tetrad C^^ 

(1087)  Chemical  Types. — The  various  homologous  series  of  bodies  in 
the  table  on  pp.  64,  65  have  their  representatives  among  the  simpler  so- 
called  inorganic  compounds;  thus,  for  example,  by  deducting  CHg  from  the  formula 
of  methane  and  the  compounds  derived  from  it  contained  in  the  horizontal 
line  I  in  the  table,  we  arrive  at  hydrogen  and  some  of  its  most  important 
compounds  of  simple  constitution  : — The  molecule  of  methane  if  deprived  of 
CH^,  would  leave  a  residue  consisting  of  hydrogen  only  :  CH^  — CHg^  H^;  the 
molecule  of  monochloromethane  deprived  of  CH^  would  leave  hydrochloric 
acid:  CH3CI  —  CHg  =  HCl  ;  the  molecule  of  methylic  alcohol  and  of  methylic 
oxide  or  ether  deprived  of  CH^  would  leave  water :  CH3.OH  —  CHg  =  OH^ ;  and, 
similarly,  the  residue  from  each  molecule  of  methj'lic  sulphydrate,  CH^.SH,  and 
of  methylic  sulphide,  (CHy)2S,  would  be  hydric  sulphide,  SH^. 

Hence  it  appears  that  the  hypothetical  radicles  methyl,  eth^'l,  propyl,  tetryl 


*  By  a  saturated  molecule  is  here  understood  a  compound  which  will  not 
unite  directly  with  an  elementary  monad,  or  a  monad  radicle:  whenever  it  forms 
compounds,  such  compounds  are  produced  by  substitution,  methylic  chloride 
CH3CI,  for  example,  being  obtained  from  methane  by  substituting  i  atom  of 
chlorine  for  i  of  hydrogen. 

f2 
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or  butyl,  pentyl  or  amyl,  &c.,  are  bodies  which  correspond  to  hydrogen,  and  that 
they  may  be  regarded  as  homologues  of  a  series  in  which  hydrogen  forms  the 
lowest  term  :  that  the  monochlorinated  hydrocarbons  are  the  homologues  of 
hydrochloric  acid,  whilst  the  alcohols  and  ethers  are  homologues  of  water,  and  the 
mercaptans  and  sulphides  homologues  of  hydric  sulphide.  Hydrochloric  acid, 
water,  and  hydric  sulphide  may,  therefore,  be  regarded  as  the  patterns  or  tyjpes 
upon  which  these  several  bodies  are  formed. 

This  idea  of  referring  organic  compounds  to  some  simple  representative 
or  type  was  systematically  worked  out  by  Laurent  and  by  Gerhardt. 

The  four  principal  types  to  which  most  of  the  compounds  of  organic  che- 
mistry may  be  referred  are  the  following : 


I. 


H' ) 
The  hydrogen  or  metallic  type  .      tt/  ^  ,  or  H 


2.  The  oxide  or  water  type.     .     .      j^i  \  0  ,  or  H^O; 

^') 

3.  The  nitride  or  ammonia  tj-pe    ,     H'  V  W^\  or  H  N  ; 

H'j 

H'  ( 

4.  The  marsh  gas  type  .     .     .     •     -ri/  /^C^^»  or  H^C. 

It  is  important  to  remark,  that  many  bodies  are  referred  to  the  same  type, 
though  they  present  no  analogy  in  chemical  properties,  either  to  it  or  to  each 
other,  and  though  the  various  radicles  which  are  assumed  to  exist  in  organic  com- 
pounds vary  in  character  as  much  as  the  elementary  bodies  themselves. 

When  we  compare  different  compounds  belonging  to  the  same  series,  a  pro- 
gressive change  in  properties  is  observed,  so  that  the  differences  between  any  two 
such  compounds  become  greater,  the  wider  is  the  interval  between  the  respective 
places  in  the  series  of  the  two  terms  submitted  to  comparison.  Following  this 
idea  to  its  extreme  limits,  the  same  type  may  therefore  comprehend  bodies 
belonging  to  the  three  classes  of  acids,  of  bases,  and  of  neutral  bodies ;  the  acids 
or  electro-negative  bodies  being  at  one  extremity  of  the  series,  and  the  bases 
or  electro-positive  bodies  at  the  opposite  extremity,  the  neutral  bodies  occupying 
the  intermediate  positions. 

The  application  of  these  types  to  carbon  compounds  will  be  best  understood 
by  means  of  a  few  examples  : 

f  H' 

I .  The  Hydrogen  or  Metallic  type,  <  „, 

To  this  class  may  be  referred  the  monad  metals,  as  well  as  the  dyad  metals,  such 
as  zinc  and  cadmium,  of  which  the  molecule  is  monatomic ;  and  amongst 
organic  compounds,  the  hypothetical  radicles  of  the  morohydric  alcohols,  certain 
bodies  formed  by  the  union  of  two  different  monad  radicles,  such  as  the  aldehydes 
and  the  ketones,  as  well  as  the  dyad  organic  radicles  such  as  ethylene : 

Potassium \^ 

Zinc Zn" 

(  r*H 

Dimethyl  (ethane) )  pw" 

Aldehyde  (acetic  hydride) )     '^H^ 
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Acetone  (acetic 


methide) <  f^R^ 


Ethylene  (defiant  gas) ^2^4 

Hydrochloric  acid  was  originally   proposed  by  Gerhardt   as   an   additional 

H  ) 
typical  body,  but  the  hydrochloric  acid  type,  p,  >  ,  is  now  usually  included  under 

the  hydrogen  type.  It  forms  a  subtype  which  comprehends  the  monohaloid 
derivatives  of  the  hydrocarbons,  including,  therefore,  the  so-called  haloid 
ethers,  and  the  chlorides  of  the  hypothetical  radicles  of  the  monobasic  acids ;  for 
example : 

Benzoic  chloride  (benzoyl  chloride)      ....      "^      pi* 
Acetic  chloride  (acetyl  chloride) <     2    ^ 

2.  The  Water  type ^"  I  H' 

This  type  includes  the  oxides,  sulphides,  selenides,  and  tellurides  of  all  the 
monad  radicles,  such  as  the  alcohols  and  mercaptans,  the  ethers  and  thioethers, 
the  so-called  compound  ethers,  and  the  monobasic  organic  acids  and  their  anhy- 
drides ;  for  instance : 

{CH 
IT 

Ethylic  alcohol  (alcohol) 0  |  ^^^ 

f  P  TT 
Ethylic  sulphydrate  (mercaptan)    .      •     •     •     ^'  1     ^H* 

2       5 

Ethylic  sulphide S  i  ^^^ 

Acetic  acid 0  j  ^^0 

Ethylic  acetate  (acetic  ether)     .....     0  <f  ^^^^ 

i    ^^5 

r  0  IT  o 

Acetic  acetate  (acetic  anhydride)     .     .     .     .     0  <  .  ^    ^^^ 
Tetrethylammonic  hydrate 0  <  '^3)4-'^ 

TT^  V  includes,  the  nitrides  and  phosphides,  as 

The  Ammonia  type  H'  l^'''  ^^^^  f  arsenides  and  antimonides,  of 

jj,  I  the  alcohol  radicles,  together  with  the 

^  amines,  and  the  amides  : 

i  C„H, 
Ethylamine K 
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Diethylphosphine P  <^  C,Hj 

I    H 

(  C  H, 
Trimethylamine N  <^  C  H, 

fC.H.O 

Acetamide ,     ..     N<      H 

i     H 

4.  The  Marsh  Gas  type ^'^  ^  H 

comprises  compounds  like    carbonic    anhydride,  ethylic   orthocarbonate,   silicic 
chloride,  and  plumbic  tetrethide : 

/(OC.H/  /CI 

^    1  0"  ^    S  (OC^H,)'  ^    S  CI 

((OC,H,)'  (Cl 

Carbonic  anhydride.  Ethylic  orthocarbonate.  Silic  chloride. 

^"^    1(CA)' 

Plumbic  tetrethide. 

A  large  number  of  bodies  ir.ay  be  regarded  as  formed  upon  condensed  types, 
or  upon  the  plan  of  the  preceding  types,  doubled,  tripled,  quadrupled,  &c.  For 
instance,  sulphuric  acid  and  glycol  may  be  regarded  as  formed  from  two  mole- 
cules of  water,  the  dyad  group  SO^  in  the  one  case,  and  CgH^  in  the  other,  form- 
ing the  link  which  by  displrcing  one  atom  of  hydrogen  in  each  molecule  of 
water,  connects  or  binds  the  two  residues  or  radicles  OH  together ;  thus : 

0|H  0|«  .  OJH 

'  ^  SO  ^  C  H 

«{h  «{h  «{h 

2  Molecules  of  Water.  Sulphuric  Acid.  Glycol. 

In  like  manner,  urea  may  be  supposed  to  be  formed  in  the  same  way  upon  the 
type  of  two  molecules  of  ammonia  : 

H  f  H 

H  (CO 

N<H  nJ  H  \ 

H  {  H 

2  Molecules  of  Ammonia.  Urea. 

These  condensed  types  can  only  be  employed  in  the  case  of  compounds  which 
contain  multivalent  radicles,  such  as  sulphuryl,  SO^,  ethylene,  C^H^,  and  carbonyl, 
CO,  as  in  the  instance  just  cited,  where  the  radicle  serves  as  the  link  to  bind  the 
several  radicles  into  one. 
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It  will  be  seen  that  each  of  the  four  substances,  hydrogen,  water,  ammonia, 
and  marsh  gas,  thus  selected  as  types  to  one  of  which  the  various  chemical  com- 
pounds are  referred,  is  a  compound  of  hydrogen  ;  and  that  other  bodies  are  supposed 
to  be  formed  from  these  typical  substances  by  the  substitution  of  a  portion,  or  of 
the  whole,  of  the  hydrogen  of  the  type  by  simple  or  compound  radicles.  For  the 
sake  01  precision  it  is  often  found  to  be  necessary  to  distinguish  the  unaltered 
hydrogen  of  the  type  from  any  hydrogen  which  may  have  been  subsequently  in- 
troduced into  the  molecule.  Alcohol,  for  example,  is  said  to  be  a  compound 
formed  upon  the  water  type  by  the  introduction  of  the  radicle  ethyl,  CgH^,  in  the 
place  of  one   of  the  original   atoms  of  hydrogen  in  the   type  :     alcohol   being 

C  IT    )  IT  1 

ij  ^  >  0,  whilst  water  is  „  >  0.        In  such  cases  the  original  hydrogen  in  the 

type  is  distinguished  as  tyjpical  hydrogen. 

Many  compounds  not  included  under  the  preceding  types,  may  be  referred  to 
the  union  of  two  of  the  foregoing  types,  as  was  first  suggested  by  Williamson, 
such  compounds  being  represented  as  derived  from  mixed  types.  Kekule,  for 
example  {Lehrhuch  der  Org.  Chemie,  i.  p.  I2i,)  proposed  to  consider  the  amic 
acids,  such  as  carbamic  and  oxamic  acid,  as  formed  upon  the  combination  of  the 
1}  pes  of  ammonia  and  water  : 

N^  H  N-   H  N^H 

0{l  0{h  OJH 

Double  type.        Carbamic  acid.  Oxamic  acid. 

the  tie  between  the  two  typical  groups  being  in  the  one  case  the  dyad  radicle 
CO,  in  the  other  C^O^. 


CHAPTER  III. 

ACTION  OF  REAGENTS  ON  CARBON  COMPOUNDS. 

In  investigating  the  chemical  nature  of  the  carbon  com- 
poundsj  and  the  relation  they  bear  to  one  another  and  to  the 
so-called  inorganic  compounds,  it  is  usual  to  treat  them  with  a 
variety  of  reagents ;  many  of  these  attack  the  individual 
members  of  various  classes  of  organic  compounds  much  in  the 
same  way,  so  that  it  will  be  convenient  in  this  place  to  describe 
the  general  action  of  the  most  important  of  them. 

(io88)  Oxidizing  Agents. — It  will  be  unnecessary  to  con- 
sider minutely  the  effects  of  rapid  direct  oxidation,  or  com- 
bustion,  since   the   general   result  in  all   cases    where    there   is 
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a  sufficient  supply  of  oxygen  is  to  convert  the  carbon  into  car- 
bonic anhydride,  and  the  hydrogen  into  water;  the  nitrogen  is 
generally  liberated  in  the  free  state. 

It  is  not  merely  to  the  processes  of  oxidation  effected  in  the 
laboratory  that  it  is  necessary  to  attend,  for  oxidizing  actions  are 
in  constant  operation  unperceived  on  every  side  of  us.  The 
gradual  decay  of  organized  compounds  is  caused  by  the  sponta- 
neous oxidation  which  slowly  takes  place  :  decay  being  in  reality, 
only  a  slow  process  of  combustion,  a  fact  which  Liebig  indicated 
by  substituting  the  term  eremacausis  for  that  of  decay  (from 
ripi/utoQ,  gentle,  Kavaig,  combustion).  The  decay  of  wood  is 
a  familiar  instance  of  this  kind ;  the  hydrogen  of  the  wood  be- 
comes more  rapidly  oxidized  than  its  carbon,  and  the  result  is 
the  formation  of  a  brown  powder  termed  ulmin  or  humus, 
in  which  the  proportion  of  the  carbon  to  the  hydrogen  and  the 
oxygen  is  much  greater  than  in  the  wood  from  which  it  was 
formed.  Such  actions  take  place  generally  under  the  combined 
influence  of  moisture  and  of  a  temperature  of  about  15°  (59°  F.) 
or  upwards.  If  the  substance  be  perfectly  dry,  or  if  the  tempe- 
rature fall  to  the  freezing  point,  oxidation  is  usually  completely 
arrested. 

It  is,  however,  the  study  of  the  process  of  gradual  or  limited 
oxidation  which  affords  results  so  instructive  to  the  chemist  : 
this  is  seldom  effected  by  the  action  of  free  oxygen,  but  by  the 
use  of  certain  reagents  which  present  that  element  in  the 
nascent  state.  The  most  ordinary  sources  of  oxygen  employed 
for  this  purpose  are  nitric  acid,  a  mixture  of  sulphuric  acid  and 
potassic  dichromate,  a  mixture  of  sulphuric  acid  and  manganic 
peroxide,  chromic  anhydride,  dissolved  either  in  water  or  in 
glacial  acetic  acid,  potassic  permanganate,  argentic  oxide,  and 
plumbic  peroxide.  Besides  these,  other  oxidizing  agents  are 
occasionally  used,  such  as  ferric  chloride,  baric  peroxide,  calcic 
hypochlorite,  and  fused  potassic  and  sodic  hydrates ;  the  last 
three  of  these  are  of  more  limited  application,  however,  since 
they  frequently  give  rise  to  secondary  reactions.  Sulphuric  acid, 
at  a  high  temperature,  also  readily  parts  with  a  portion  of  its 
oxygen,  but  in  this  case  the  results  are  usually  complicated  by 
the  powerful  dehydrating  action  of  the  acid. 

The  effect  produced  by  these  different  means  of  oxidation 
varies  considerably  with  the  nature  of  the  compound  submitted 
to  their  action,  and  also  with  that  of  the  oxidizing  agent. 

1.  The  oxygen  may  simply  remove  hydrogen;  as  when 
alcohol  is  submitted  to  the  oxidizing  action  of  chromic  acid.     lu 
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this  case  water  is  formed^  and  a  new  body,  aldehyde,  is  produced, 
containing  less  hydrogen  than  alcohol : 

aC^HgO    +   03   =    zC^nfi   +    2OH2. 

Ethylic  alcohol.  Aldehyde. 

2.  Oxygen  may  unite  directly  with  the  substance ;  as  when 
aldehyde  is  converted  into  acetic  acid : 

2C,Ufi   +   O,  =  aC.HPj. 

Aldehyde.  Acetic  acid. 

3.  Hydrogen  is  eliminated  and  replaced  by  an  equivalent 
quantity  of  oxygen ;  for  example,  when  benzylbenzene  is  oxidized 
by  chromic  acid  solution,  it  yields  phenylbenzoyl : 

C,,H,,  +    O,   =  C,3H,„0    +   OH,. 

Benzylbenzene.  Phenylbenzoyl. 

4.  Hydrogen  is  eliminated  and  replaced  by  twice  its  equi- 
valent quantity  of  oxygen ;  as  in  the  formation  of  the  quinones 
by  the  direct  oxidation  of  the  corresponding  hydrocarbons. 
Thus,  naphthalene  when  treated  with  a  solution  of  chromic  anhy- 
dride in  glacial  acetic  acid  gives  naphthaquinone  : 

2C,„H,  +  3O,  =   ■zC^.-ap,  +  aOH, ; 

Naphthalene.  Naphthaquinone. 

and  toluene  when  treated  with  dilute  nitric  acid  gives  benzoic  acid  : 

2C,n,  +  3O2  =  2C,ufi,  +  20H,. 

Toluene.  Benzoic  acid. 

^CgH^.CHg   +    3O2   =    2CgH5.COOH    +    ^OH^. 

In  this  case,  however,  it  is  probable  that  two  of  the  atoms 
of  hydrogen  in  the  methyl  group,  CH3,  of  the  toluene  are 
eliminated  and  displaced  by  an  atom  of  oxygen,  whilst  the  re- 
maining atom  of  hydrogen  is  displaced  by  the  group  OH. 

In  all  the  cases  we  have  hitherto  considered  the  carbon 
in  the  original  substance  is  unaffected  by  the  process  of  oxida- 
tion, the  number  of  atoms  of  that  element  in  the  oxidized 
product  being  the  same  as  in  the  compound  we  started  with. 
There  are  many  instances,  however,  in  which  the  substance  splits  up 
under  the  influence  of  the  oxidizing  action,  giving  rise  to  two  or 
more  compounds,  each  containing  a  smaller  number  of  carbon 
atoms  than  the  original  substance.  Thus,  acetone  yields  acetic 
acid  and  carbonic  anhydride  : 

CgHgO    +    2O3   =  aH,0,    +    CO2    +   OH2. 

Acetone.  Acetic  acid. 


74  ACTION    OF    OXIDIZING    AGENTS.  [1088. 

Similarly,  the  tertiary  butylic  alcoliol^  trimetliylcarbinol,  is 
converted  into  formic  and  acetic  acids  : 

C4H10O   +    3O,   =    2CH2O2    +    C.Up,   +    OH^. 

Trimethylcarbinol.  Formic  acid.  Acetic  acid. 

Contact  with  a  body  which  is  itself  undergoing  slow  oxida- 
tion will  frequently  induce  this  oxidizing  action  in  substances  pos- 
sessed of  a  strong  attraction  for  oxygen,  but  which  do  not,  when  in 
a  pure  state,  themselves  undergo  oxidation.  For  example,  a  solution 
of  grape  sugar  in  an  alcoholic  solution  of  potassic  hydrate  does  not 
absorb  oxygen  when  exposed  to  the  air;  but  the  addition  of  a  minute 
quantity  of  sulphindylic  acid  (indigosulphonic  acid :  see  indigo) 
effects  the  oxidation  of  the  sugar :  probably,  as  Traube  suggests, 
by  the  absorption  of  oxygen  on  the  part  of  the  sulphindylic 
acid,  and  the  transfer  of  oxygen  to  the  sugar ;  the  sulphindylic 
acid  absorbing  fresh  oxygen  and  again  parting  with  it  to  fresh 
portions  of  sugar,  acting,  in  fact,  as  a  carrier  of  oxygen,  just  as 
nitric  oxide  does  to  sulphurous  acid,  during  the  manufacture  of 
sulphuric  acid  (406).  Another  analogous  experiment  of  Traube's 
consists  in  heating  a  solution  of  cupric  oxide  containing  a  large 
quantity  of  ammonic  chloride  witb  grape  sugar:  no  reduction 
takes  place  even  when  the  liquid  is  boiled ;  but  if  a  small 
quantity  of  reduced  and  colourless  sulphindylic  acid  be  added, 
the  indigo-blue  colour  reappears,  owing  to  the  absorption  of 
oxygen  by  the  sulpho-acid  from  the  cupric  oxide  ;  the  acid  then 
gives  up  its  oxygen  to  the  sugar,  after  which  it  again  takes  up 
more  oxygen  from  a  fresh  quantity  of  cupric  oxide  ;  so  that  in  a 
short  time  the  whole  of  the  sugar  is  oxidized,  and  the  cupric 
oxide  reduced  to  cuprous  oxide,  whilst  the  sulphindylic  acid  is 
left  apparently  unaltered.  The  sulphindylic  acid  is,  in  fact,  much 
more  easily  reduced  than  cupric  oxide,  and  yet  it  has  the  power 
of  easily  absorbing  oxygen  from  this  oxide.  The  importance  of 
studying  the  action  of  such  cases  of  oxidation  must  be  obvious, 
when  it  is  borne  in  mind  that  it  is  probably  in  a  great  measure 
by  the  agency  of  oxygen  that  many  of  the  complex  substances 
contained  in  the  animal  body  are  gradually  resolved  into  car- 
bonic anhydride,  water,  and  ammonia. 

These  slow  processes  of  combustion  are  intimately  connected 
with  the  development  of  ozone.  In  certain  cases  the  formation 
of  ozone  is  so  abundant  during  such  actions,  that  they  furnish 
some  of  the  best  means  of  obtaining  this  singular  body.  Ozone, 
for  instance,  is  always  formed  during  the  slow  oxidation  of  phos- 
phorus in  air ;   and  in  the  oxidation  of  oil  of  turpentine  and  of 
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ether  under  particular  circumstances,  as  when  a  hot  platinum 
wire  is  suspended  in  a  mixture  of  the  vapour  of  ether  and 
atmospheric  air,  a  substance  is  produced  which  colours  a  mixture  of 
potassic  iodide  and  starch  blue,  and  also  gives  a  purple  colour 
with  chromic  acid,  similar  to  that  obtained  on  pouring  hydric 
peroxide  into  a  solution  of  chromic  acid  (771).  Fudakowski  has 
also  shown  that  phenol,  petroleum,  and  pure  benzene,  give  the 
same  reactions  when  undergoing  slow  oxidation  at  the  ordinary 
temperature. 

(1089)  Action  of  Nascent  Hydrogen. — Although  free  hydro- 
gen appears  to  have  but  little  action  on  carbon  compounds,  yet 
in  the  nascent  state  it  is  one  of  the  most  important  agents,  both 
for  ascertaining  the  nature  of  the  substance  under  investigation, 
and  also  for  the  synthetical  production  of  new  compounds ;  for 
this  purpose  various  so-called  reducing  agents  are  employed,  of 
which  the  principal  are  sodium  amalgam  in  the  presence  of  water, 
tin  and  hydrochloric  acid,  zinc  and  hydrochloric  or  sulphuric  acid, 
iron  and  acetic  acid,  or  ferrous  oxide  obtained  by  precipitating  a 
solution  of  ferrous  sulphate  with  an  alkali  or  alkaline  earth.  A 
concentrated  aqueous  solution  of  hydriodic  acid  at  a  high  tem- 
perature is  one  of  the  most  powerful  reducing  agents  known,  for 
although  itself  stable,  yet  it  is  readily  decomposed  into  its  con- 
stituent elements,  hydrogen  and  iodine,  in  the  presence  of  com- 
pounds which  are  acted  on  by  nascent  hydrogen.  The  action  of 
sulphuretted  hydrogen  and  ammonic  hydric  sulphide  is  somewhat 
similar,  sulphur  being  deposited  in  the  former  case,  whilst  ammonic 
disulphide  is  formed. in  the  latter.  A  solution  of  sulphurous  acid, 
HgSOg,  is  also  occasionally  employed;  in  the  presence  of  bodies 
having  a  strong  attraction  for  hydrogen,  water  is  thenjlficam^osed, 
the  liberated  oxygen  simultaneously  combinin«:i§mt  ^  EmOl/ecul 
of  sulphurous  acid  to  form  sulphuric  acid:      /•.  ^'^    ///,v      ' ^^ 


The  grey  coloured  powder  called  '^  zinc  dust^^BtaifieS'iitlti^- 


H2SO3  +  OH2  =  H3SO,  -ryxi^ 


manufacture  of  zinc,  and  consisting  chiefly  of  that  nretal  in 
finely  divided  state,  mixed  with  some  oxide  and  hydrate,  has 
proved  very  useful  in  converting  certain  oxidized  substances  into 
the  corresponding  hydrocarbon;  it  was  by  this  means  that  alizarin 
was  discovered  to  be  a  derivative  of  anthracene. 

Hydrogen,  like  oxygen,  varies  much  in  its  action  on  organic 
bodies. 

T.  It  may  combine  directly  with  the  carbon  compound;  for 
instance,  the  copper  derivative  of  acetylene,  acetylide  of  copper, 
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yields  ethylene  when  heated  with  zinc  and  dilute  ammonia,  the 
acetylene  at  the  moment  of  its  liberation  combining  with  the 
hydrogen  produced  by  the  action  of  the  aqueous  ammonia  on  the 
zinc : 

Acetylene.  Ethylene. 

Similarly,  aldehydes  and  ketones  are  converted  into  alcohols, 
acetone,  for  example,  yielding  isopropylic  alcohol : 

C^H^O   +   H,  =   C3H,0; 

Acetone.  Isopropylic  alcohol. 

C(CH3)20  +   H2  =   CtCH3)3H.OH; 
and  the  nitriles  of  the  acids  the  corresponding  amines  : 
C2H3N  +   2H2  =*C2H7N. 

Acetonitrile.  Ethylamine. 

0\CR,,yW   +   2H2  =  C(CH3)H2.NH2. 

a.  Sometimes  oxygen  appears  to  be  removed  by  the  action  of 
nascent  hydrogen,  as  in  the  case  of  malic  acid,  which  by  the  action 
of  hydriodic  acid  is  converted  into  succinic  acid : 

C,HA    +    H,  =  C,H,0,   +   OH,; 

Malic  acid.  Succinic  acid. 


C2H3(OH)(COOH)2  +  Hg  =  C2H,(COOH)2  +  OH 


2^ 


or  the  conversion  of  lactic  acid  into  propionic  acid  by  similar 
means  : 

C.Ufi,  +   H,  =  C,H,0,  +   OH,. 

Lactic  acid.  Propionic  acid. 

C2H,(0H).C00H    +    Hg   =   CgH^.COOH    +    OH^. 

In  these  instances,  however,  the  oxygen  is  not  simply  removed, 
but  the  OH  group  in  the  acid  is  displaced  by  hydrogen.  In  all 
probability  the  action  takes  place  in  two  stages,  the  first  being 
the  formation  of  an  iodo-acid  : 

C2H4(OH).COOH    +   HI  =  C^HJ.COOH   +   OH^; 

Lactic  acid.  lodopropiouic  acid. 

CgH.I.COOH   +    HI  =   C2H5.COOH   +   I3. 

3.  It  may  remove  oxygen,  or  one  of  the  halogens,  replacing 
it  by  an  equivalent  quantity  of  hydrogen.  Thus,  oxalic  acid 
treated  with  zinc  and  dilute  sulphuric  acid  yields  glycollic  acid  : 
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C,H,0,  +   3H,  =   C,H,03   +   OH,. 

Oxallic  acid.  Glycollic  acid. 

COOH    ,     ,xr    _    fCH.OH 

COOH   +   ^^2  -    JCOOH     "^  ^^2- 

Again^  the  action  of  hydriodic  acid  on  iodacetic  acid  regenerates 
acetic  acid ; 

C.HjIO,   +  HI  =   C,Hp,  +1,. 

Iodacetic  acid.  Acetic  acid. 

Berthelot  (^Ann.  Ch.  Phys.  [3],  li.  48)  has  pointed  out  that 
when  the  compounds  to  be  acted  upon  are  of  a  very  stable  character, 
free  hydrogeuy  at  an  elevated  temperature,  may  effect  this  species 
of  substitution,  although  a  good  deal  of  the  compound  is 
always  destroyed.  Several  of  the  chlorides  of  carbon  yield  such 
results  ;  for  instance,  tetrachlorethylene,  C^Cl^,  when  its  vapour 
mixed  with  hydrogen  is  passed  through  a  glass  tube  filled  with 
fragments  of  pumice  and  heated  to  redness,  furnishes  hydro- 
chloric acid  and  ethylene  or  olefiant  gas  : 

C,C\  +  4H2  =  C^H,  +  4HCI. 

Tetrachloromethane  or  carbonic  tetrachloride,  CCl^,  yields 
methane  or  marsh  gas  and  ethylene : 

CCl,   +  4H2  =  CH,   4-   4HCI. 

The  ethylene  is  the  result  of  the  effect  of  heat  upon  the 
carbon  tetrachloride,  which  is  partially  decomposed  into  tetrachlor- 
ethylene, CgCl,,  and  free  chlorine  ;  and  this  tetrachlorethylene  i« 
then  converted  into  ethylene  by  the  action  of  the  hydrogen,  as 
already  explained. 

4.  When  nitro-compounds  are  treated  with  reducing  agents 
the  oxygen  in  the  NOg  group  is  generally  replaced  by  an  equal 
number  of  atoms  of  hydrogen,  giving  rise  to  corresponding 
amido-compounds,  as  in  the  conversion  of  nitrobenzene  into 
amido-benzene  or  aniline : 

C6H5.NO,  +  3H,  =  C.Hj.NH,   +   3OH,. 

Nitrobenzene.  Anilin«. 

5.  Almost  all  carbon  compounds,  by  treatment  at  275°  with  a 
large  excess  of  hydriodic  acid  of  density  2'o,  are  ultimately  con- 
verted into  the  corresponding  saturated  hydrocarbons  or  paraffins. 
Thus  the  oxygen  in  phenol,  C^HgO,  can  be  removed,  giving  rise 
to  benzene,  CgHg,  and  this  by  the  continued  action  of  the  acid  is 
ultimately  converted  into  hexane  or  hexylic  hydride^  C  H    .      In 
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a  similar  manner,  aldehyde,  C^Ufi,  is  converted  into  ethane  or 
ethylic  hydride,  C^Hg.  Berthelot,  by  enclosing  the  bromide  of 
ethylene,  of  propylene,  of  butylene,  and  of  amylene^-  in  strong 
glass  tubes  with  water,  copper  foil,  and  potassic  iodide,  and 
subsequently  heating  the  mixture  to  275°  C.  (527°  F.),  in  an 
oil  bath,  procured  ethylene,  propylene,  butylene,  and  amylene, 
accompanied  by  some  gaseous  bodies  which  are  products  of  a 
secondary  decomposition.  If  the  use  of  copper  be  omitted,  these 
products  of  secondary  decomposition  are  more  considerable;  so 
that  in  the  latter  case  it  would  appear  that  a  part  of  the  organic 
body  had  undergone  oxidation  at  the  expense  of  the  oxygen  of  the 
water,  whilst  the  hydrogen  had  effected  an  inverse  substitution 
and  formed  ethane,  propane,  tetrane,  and  pentane.  When  the 
copper  is  present  the  reaction  is  probably  of  the  following 
nature ; 

C^H.Br^   +   Cu  =  C,H,  +   CuBr^ ; 

Ethylenic  bromide.  Ethylene. 

and  when  the  copper  is  not  added,  the  decomposition  may  be  re- 
presented as  follows  : 

C^H.Br,   +   2H2  =  C,Hg    +    2HBr. 

Ethylenic  bromide.  Ethane 

(1090)  Action  of  the  Halogens  upon  Organic  Compounds — 
Substitution  for  Hydrogen. — The  action  of  chlorine  and  bromine 
upon  carbon  compounds  generally  gives  rise  to  new  ones,  in  which 
one  or  more  atoms  of  the  hydrogen  in  the  original  substance  has 
been  displaced  by  the  halogen.  The  action  of  bromine 
is  weaker  than  that  of  chlorine,  and  iodine  never  produces  sub- 
stitution compounds  by  its  direct  action,  so  that  in  order  to 
obtain  them,  it  is  necessary  to  have  recourse  to  various  indirect 
methods.  The  carbon  compounds  containing  fluorine  have  been 
but  little  studied. 

Besides  the  direct  action  of  the  element  itself  other  methods 
for  the  chlorination  of  organic  bodies  are  resorted  to,  such  as  the 
employment  of  iodine  trichloride,  antimonic  pentachloride,  phos- 
phoric pentachloride,  or  potassic  chlorate  and  hydrochloric  acid, 
although  in  many  instances  the  chlorate  simultaneously  oxidizes  the 
compound,  giving  rise  to  an  action  of  a  more  complex  character. 

It  is  sometimes  inconvenient  to  use  the  chlorine  in  the 
gaseous  state,  but  this  difficulty  may  be  obviated  by  using  chlorine 
hvdrate  (^^S)f  ^^  ^  saturated  solution  of  chlorine  in  carbonic 
tetrachloride.       The  use  of  bromine  in  the  presence  of  iodine 
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bromide;,  or  autimonic  pentabromide,  is  occasionally  resorted  to 
when  bromine  alone  does  not  act. 

Some  chlorine  and  bromine  substitution  compounds  yield  the 
corresponding  iodine  derivatives  when  treated  with  potassic  iodide, 
lodacetic  acid  is  thus  obtained  from  bromacetic  acid : 

CgHgBrOg   +   KI  =   C2H3IO2   +   KBr. 

Bromacetic  acid.  lodacetic  acid. 

If  an  organic  compound  be  simultaneously  treated  with  iodine 
and  mercuric  or  plumbic  oxide^,  the  hydriodic  acid  formed  by  the 
union  of  the  iodine  with  the  hydrogen  of  the  carbon  compound 
is  at  once  removed  from  the  sphere  of  action  as  mercuric  or 
plumbic  iodide : 

2HI   +   HgO  =  Hgig  +   OH^. 

Iodic  acid  may  be  employed  for  the  same  purpose,  when  water 
and  free  iodine  will  be  produced  : 

5H1  +  H103  =  30H,  +  31,. 

If  excess  of  iodic  acid  be  present,  the  liberated  iodine  can  again 
react  with  another  portion  of  the  organic  compound. 

1.  The  halogens  may  enter  into  direct  combination  with  the 
substance ;  as  when  ethylene  is  converted  into  ethylenic  iodide  : 

C,H,   +  I,  =   C,HJ,. 

Ethylene.  Ethylenic  iodide. 

or  as  in  the  formation  of  dibromolactic  acid  from  pyruvic  acid  by 
the  action  of  bromine  : 

C3HA   +   Br,   =   C,H,Br,03. 

Pyruvic  acid.  Dibromolactic  acid. 

2.  They  may  simply  remove  hydrogen ;  as  in  the  conversion 
of  alcohol  into  aldehyde  : 

C,H„0  +   CI,  =  C,H,0   +  2HCI. 

Alcohol.  Aldehyde. 

3.  They  may  act  as  oxidizing  agents  by  liberating  oxygen  from 
water ;   as  when  butyric  is  converted  into  succinic  acid  : 

C.HgO^   +    sBr,   +   2H2O  =  C,H,0,   +   6HBr. 

Butyric  acid.  Succinic  acid. 

Secondary  products,  however,  accompany  this  reaction,  and  a 
quantity  of  carbonaceous  matter  is  deposited  (Friedel  and 
Machuca). 

4.  They  may  produce   compounds   by  substitution,  in  which 
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one  or  more  atoms  of  hydrogen  are  displaced  by  chlorine  or 
bromine^  while  hydrochloric  or  hydrobromic  acid  escapes.  It  is 
generally  advantageous,  in  conducting  this  experiment  with 
chlorine,  to  submit  the  organic  compound  to  the  action  of  the 
dry  gas  :  the  chlorine  is  rapidly  absorbed,  especially  if  the 
action  be  aided  by  heat  or  by  exposure  to  the  direct  rays 
of  the  sun,  and  abundance  of  hydrochloric  acid  escapes, 
and  a  new  body,  into  the  composition  of  which  chlorine 
enters,  is  formed.  In  the  majority  of  cases  the  new  product  is 
analogous  to  the  compound  from  which  it  is  procured,  but 
a  certain  number  of  atoms  of  the  hydrogen  has  been  dis- 
placed by  a  corresponding  number  of  atoms  of  chlorine.  Gay- 
Lussac,  when  examining  the  action  of  chlorine  on  wax,  was  the 
first  to  observe  this  kind  of  substitution. 

A  simple  case  is  that  of  methane  or  marsh  gas,  which,  when 
mixed  with  an  equal  volume  of  chlorine  and  exposed  to  diffused 
daylight,  has  one  of  its  hydrogen  atoms  displaced  by  chlorine, 
monochloromethane  or  methylic  chloride  being  formed,  thus : 

CH4    +    CI2   =    CH3CI    +    HCl. 

Methane.  Monochlormethane. 

By  the  further  action  of  chlorine  a  second  atom  of  hydrogen 
is  displaced,  and  dichloromethane  or  methylenic  chloride  is  pro- 
duced : 

CH3CI    +    CI2   =    CH2CI2   +    HCl. 

Monochloromethane.  Dichloromethane. 

This  compound  is  then  readily  converted  into  trichloromethane  or 
chloroform,  thus : 

CH2CI3  +   CI2   =   CHCI3   +    HCl. 

Dichloromethane.  Trichloromethane. 

And  finally,  the  chloroform,  when  submitted  to  the  action  of 
chlorine  whilst  exposed  to  bright  sunlight,  or  when  heated  with 
antimonic  pentachloride,  has  the  last  atom  of  hydrogen  dis- 
placed by  chlorine  with  formation  of  tetrachloromethane  or 
carbonic  tetrachloride : 

CHCI3    4-   CI2  =   CCI4    +    HCl. 

Trichloromethane.  Tetrachloromethane. 

The  discovery  that  the  substitution  of  chlorine  for  hydrogen 
was  practicable,  at  first  excited  the  greatest  astonishment  amongst 
chemists,  since  owing  to  the  powerful  attractions  of  chlorine, 
particularly  when  its  electrical  opposition  to  hydrogen  is  borne 
in  mind,    the   possibility  of  such   an  occurrence  had  never  been 
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suspected,  The  displacement  of  oxygen  by  chlorine  was  familiar 
to  the  mind  of  the  chemist,  but  the  displacement  of  hydrogen  by 
chlorine  was  a  circumstance  entirely  in  opposition  to  the  doctrines 
of  chemical  attraction  then  prevalent.  The  discovery  of  this 
remarkable  fact  has  led  to  the  production  of  an  immense 
number  of  substitution  compounds.  The  new  products  so  obtained 
are  in  general  possessed  of  comparatively  little  intrinsic  interest. 
The  importance  of  accurately  studying  the  steps  by  which  these 
substitutions  are  effected,  can,  however,  be  scarcely  over-estimated, 
owing  to  the  light  which  they  frequently  throw  upon  the  consti- 
tution of  the  different  compounds,  and  of  their  relations  to  others 
where  no  obvious  connexion  had  been  previously  traced.  The 
first  atoms  of  hydrogen  are  usually  displaced  more  readily  than 
the  others.  It  is  often  necessary  at  first  to  moderate  the  action  by 
cooling  the  liquid  artificially,  and  by  placing  it  either  in  ob- 
scurity or  only  in  the  diffused  light  of  day ;  while  to  com- 
plete the  displacement  of  the  last  portions,  the  strongest 
sunlight,  aided  by  a  temperature  of  ebullition,  is  frequently 
requisite. 

Substitutions  of  bromine  for  hydrogen  may  also  be  effected 
by  analogous  methods,  although,  owing  to  its  feebler  chemical 
attractions,  the  reactions  ordinarily  take  place  with  less  vehe- 
mence. 

(1091)  Haloid  Compounds  of  Phosphorus. — Closely  allied  to 
the  action  of  the  halogens  is  that  of  the  haloid  compounds  of 
phosphorus,  namely,  phosphoric  chloride  and  oxychloride,  phos- 
phorous chloride,  and  the  corresponding  bromine  and  iodine 
compounds. 

1.  The  action  upon  acids  and  other  compounds  containing 
the  OH  group  is  generally  to  displace  the  OH  group  by  the 
halogen;  thus  phosphoric  chloride,  phosphoric  oxychloride,  and 
phosphorous  chloride,  all  produce  acetic  chloride  by  their  action 
on  acetic  acid : 

C^H.Og    +    PCI5   =   C2H3OCI   +   POCI3    +    HCl. 

Acetic  acid.  Acetic  chloride. 

CH8.CO(OH)    +  PCI3  =   CHs.COCl   +   POCI3   +   HCl. 
3C,H,0,   +   PCI3  =  sCjHjOCl   +  H3PO3. 

Acetic  acid.  Acetic  chloride. 

3C,Hp,   +  POCI3  =  3C2H3OCI   +    H3PO,. 

2.  In  some  cases  oxygen  is  removed  and  displaced  by 
chlorine,  as   when   aldehyde  is  treated  with  phosphoric  chloride  : 

3  -  G 
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CgH.O   +   PCI5   =   CgH.Clg   +  POCI3. 

Aldehyde.  Ethylidenic  chloride. 

(1092)  Action  of  Hydrochloric  J  Hydrobromic,  and  Hydriodic 
Acids. — ThesCj  like  other  acids,  unite  directly  with  the  various 
organic  substances  of  a  basic  nature,  forming  salts  or  compounds 
analogous  to  them,  and  hydriodic  acid,  as  previously  mentioned 
(1089),  is  a  powerful  reducing  agent.  Besides  these,  however,  the 
naloid  acids  have  other  modes  of  action. 

1.  They  combine  directly  with  certain  unsaturated  compounds; 
thus  hydriodic  acid  and  ethylene  combine  and  form  moniodethane 
or  ethylic  iodide : 

C,H,  +  HI  =  C,H,I; 

Ethylene.  Ethylic  iodide. 

and   fumaric   acid,  when  treated  with   hydrobromic  acid,  yields 
bromosuccinic  acid  : 

C,H,0,  +   HBr  =  C,H,BrO,. 

Fumaric  acid.  Broraosuccinie  acid. 

2.  The  OH  group  in  the  alcohols  and  oxy-acids  is  displaced 
by  the  halogen  of  the  haloid  acid ;  for  instance,  the  action  of 
hydrochloric  acid  on  alcohol  gives  rise  to  ethylic  chloride  : 

C2H5.OH      -\-      HCl      =      CgH.Cl      +      OH3; 

Alcohol.  Ethylic  chloride. 

and  malic  acid,  when  heated  with  hydrobromic  acid,  is  converted 
into  monobromosuccinic  acid : 

CgHg.OHCCOOH)^      +      HBr      =      C2H3Br(COOH)2   +    OH^. 

Malic  acid.  Bromosuccinic  acid. 

(1093)  Action  of  Nitric  Acid  and  of  Nitrous  Acid. — From 
the  readiness  with  which  it  parts  with  its  oxygen,  nitric  acid,  as 
already  noticed,  is  a  most  powerful  oxidizing  agent,  and,  like 
other  acids,  it  also  combines  with  carbon  compounds  of  a  basic 
nature.  In  addition  to  these  modes  of  action  there  are  others 
which  are  of  considerable  importance  in  the  investigation  of  the 
nature  of  organic  substances. 

I.  The  H  in  the  OH  group  in  the  alcohols  may  be  displaced 
by  NOg,  giving  rise  to  nitric  ethers.  In  this  manner  ethylic 
nitrate  is  formed  from  alcohol ; 

C,H,(OH)      +      HNO3     =      C,H,(N03)      +      OH,; 

AlcohoL  Ethylic  nitrate. 
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and  so-called  nitroglycerin  from  glycerin  : 

C3H,(OH)3      +     3HNO3     =     C3H,(N03)3     +     3OH,. 

Glycerin.  Nitroglycerin. 

2.  One  or  more  atoms  of  hydrogen  are  displaced  by  an  equal 
number  of  NO2  groups  with  simultaneous  elimination  of  water. 
A  nitro-substitution  compound  is  thus  formed,  as  in  the  prepara- 
tion of  nitrobenzene  from  benzene  by  the  action  of  concentrated 
nitric  acid : 

CgHg      +      HNO3      =      CgHg.NOg      +      OH2. 

Benzene.  Nitrobenzene. 

When  a  mixture  of  sulphuric  and  nitric  acids  is  employed  two 
atoms  of  hydrogen  are  displaced  and  dinitrobenzene  is  produced : 

CA      +      2HNO3      =      CgH^CNO^)^      +      2OH2. 

Senzene.  Dinitrobenzene. 

As  a  rule,  the  latter  class,  the  nitro- compounds,  are  far  more 
stable  than  the  nitric  ethers,  and  far  less  explosive.  Most  nitro- 
compounds are  readily  reduced  by  the  action  of  nascent  hydrogen 
with  formation  of  amido-derivatives,  differing  from  the  original 
compound  in  having  one  or  more  of  the  NO2  groups  displaced  by 
NHg.  In  this  way  aniline  is  obtained  from  nitrobenzene.  On 
the  other  hand,  the  nitric  ethers  when  treated  with  reducing 
agents  furnish  the  alcohol  from  which  they  were  derived. 

3.  The  action  of  nitrous  acid  on  the  amido-compounds 
frequently  gives  rise  to  a  very  remarkable  class  of  substances, 
termed  azo- derivatives.  Thus,  by  the  action  of  nitrous  acid  on 
aniline  nitrate,  diazobenzene  nitrate  is  produced : 

(C,H,)H3N.N03     H-      HNO,     =     (C,H,)N,.N03     +     aOH,. 

Aniline  nitrate.  Diazobenzene  nitrate. 

4.  Many  amido-compounds,  when  treated  with  nitrous  acid, 
yield  the  corresponding  alcohol  with  simultaneous  evolution  of 
nitrogen.  The  best  result  is  usually  obtained  by  the  action  of 
argentic  nitrite  on  the  hydrochloride  of  the  base.  For  example, 
alcohol  may  be  obtained  from  ethylamine  in  this  way : 

{C,HJNH3C1   +   AgNO,  =  C,H,(OH)  +  AgCl  +  OH,  +  N,. 

Ethylamine  Alcohol, 

hydrochloride. 

(1094)  Dehydrating  Agents. — Phosphoric  anhydride,  phos- 
phoric sulphide  (pentasulphide),  potassic  hydric  sulphate,  zincic 
chloride,  and  hydrochloric  acid,  when  heated  with  organic  com- 

g2 
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pounds  containing-  oxygen^  may  remove  the  elements  of  water. 
This  action  frequently  gives  rise  at  the  same  time  to  a  more  extended 
decomposition,,  and  the  substance  splits  up,  yielding  several  pro- 
ducts. Zincic  chloride  also  possesses  the  peculiar  property  of  poly- 
merizing many  hydrocarbons  at  the  instant  of  their  formation 
from  oxidized  bodies  by  this  means.  Moreover,  sulphuric  acid, 
at  a  high  temperature,  acts  as  a  povrerful  oxidizing  agent,  and 
phosphoric  sulphide  frequently  removes  oxygen  and  displaces  it  by 
sulphur.  The  great  variation  in  the  modes  of  action  thus  intro- 
duced renders  it  impossible  to  describe  all  of  them  here,  and  they 
will  therefore  be  treated  of  from  time  to  time  as  the  particular 
cases  come  into  notice.  In  the  meantime  some  of  the  simpler 
cases  of  dehydration  are  here  given. 

1.  When  sulphuric  acid  removes  the  elements  of  water  from 
oxalic  acid  it  splits  up  into  carbonic  anhydride  and  carbonic 
oxide  : 

C.Up,      -      OH2      =      CO3      +      CO. 

Oxalic  acid.  Water.  Carbonic  Carbonic 

anhydride.  oxide. 

2.  Crotonic  aldehyde  is  formed  from  ordinary  acetic  aldehyde 
when  it  is  heated  with  zincic  chloride : 

Aldehyde.  Crotonic  aldehyde. 

3.  When  glycerin  is  heated  with  hydric  potassic  sulphate  the 
elements  of  water  are  removed,  and  acrolein  is  produced: 

C3H3O3     -     aOH,     =     qH.O. 

Glycerin.  Acrolein. 

4.  Camphor,  when  distilled  with  zincic  chloride,  phosphoric 
anhydride,  or  phosphoric  sulphide,  loses  the  elements  of  water, 
and  becomes  converted  into  cymene  : 

Ci^Hj^O     -     OH,     =     Cj„Hj,. 

Camphor.  Cymene. 

5.  On  allowing  a  mixture  of  amylic  alcohol  with  zincic  chlo- 
nde  to  stand  for  some  time,  and  then  distilling,  amylene  is 
obtained : 

C,H.,0     =     C,H,„     +     OH,. 

Amylic  alcohol.  Amylene. 

Much  of  the  amylene,  however,  becomes  polymerized  at  the 
moment  of  formation  by  the  action  of  the  zincic  chloride,  so  that 
the  amylene  is  always  mixed  with  diamylene,  C-^qHc^q,  triamylene, 
C15H30,  tetramylene,  CgoH^^,  &c. 
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(1095)  Alkaline  Reagents. — The  action  of  potassic  and  sodic 
hydrates_,  and  of  baryta  and  lime,  both  caustic  and  hydrated,  may 
here  be  considered.  Besides  forming  salts  with  the  various  organic 
acids,  they  give  rise  to  reactions  of  some  importance  in  the  ex- 
perimental investigation  of  the  nature  of  the  carbon  compounds. 

I.  Fused  potassic  and  sodic  hydrates  often  act  as  powerful 
oxidizing  agents,  but  as  hydrogen  is  always  evolved  in  this  case, 
the  results  are  frequently  complicated  from  an  oxidizing  and 
reducing  action  going  on  simultaneously.  A  simple  instance  is 
the  conversion  of  amylic  alcohol  into  valerianic  acid  by  the  action 
of  hot  soda-lime  : 

C,H,,0      +     O,     =     C.HjA     +     OH,. 

Anoylic  alcohoL  Valerianic  acid. 

In  a  similar  manner  cellulose  is  oxidized  to  oxalic  acid.  Advan- 
tage has  been  taken  of  this  for  the  preparation  of  the  acid  on  a 
large  scale  by  the  treatment  of  sawdust  with  a  mixture  of  potassic 
and  sodic  hydrates. 

1.  The  elements  of  hydrochloric  acid  are  removed  from 
chlorine  compounds  by  the  action  of  the  alkali;  thus  ethylenic 
chloride,  when  treated  with  an  alcoholic  solution  of  potassic 
hydrate,  yields  monochlorethylene  or  vinylic  chloride : 

qn.ci^    -    Hci    =    C2H3C1. 

Ethylenic  chloride.  Vinylic  chloride. 

Many  bromine  and  iodine  compounds  behave  in  a  similar  way ; 
for  instance,  the  vapour  of  vinylic  bromide,  when  passed  into  a 
Lot  alcoholic  solution  of  potassic  hydrate,  yields  acetylene : 

CgHgBr      -      HBr      =      C^H^. 

Vinylic  bromide.  Acetylene. 

3.  Many  acids  when  heated  with  lime,  or  with  soda-lime,  are 
decomposed  with  elimination  of  carbonic  anhydride,  which  forms 
a  carbonate  with  the  alkali,  or  the  alkaline  earth ;  thus  a  mixture 
of  sodic  acetate  with  twice  its  weight  of  soda-lime,  under  these  cir- 
cumstances, yields  methane  or  marsh-gas : 

C2H3Na02       +      ONaH      -=      CH^      +      C03Na3. 

Sodic  acetate.  Sodic  hydrate.  Methane.  Sodic  carbonate. 

CHg-COONa      +      ONaH      =      CH^      +      COlONa)^. 

In  like  manner,  phthalic  acid  splits  up  into  benzene  and  carbonic 
anhydride  ; 

C,H,0,     =     C^H,     +     aCO,. 

Phthalic  acid.  Benzene. 
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4.  The  HSO3  group  in  the  sul phonic  acids  is  displaced  by  the 
group  OH  when  their  salts  are  fused  with  potassic  or  sodic 
hydrates,  as  is  the  case  with  potassic  benzenesulphonate  : 

CgH^CKSOg)   +   uKRO   =   CgH^.OK  +  SOgK^  +  OH^. 

Potassic  benzenesulphonate.  Potassic  phenate. 

On  dissolving  the  product  in  water,  and  acidulating  with  an  acid, 
the  potassic  phenate  is  decomposed  and  phenol  (CgHgOH)  libe- 
rated, which  differs  from  benzenesulphonic.  acid,  CgH5(HS03),  in 
containing  hydroxyl  in  place  of  the  HSO3  group. 

(1096)  Use  of  Acetic  Chloride  and  Benzoic  Chloride. — These 
compounds  are  of  considerable  importance  in  examining  the  con- 
stitution of  certain  organic  compounds  containing  oxygen,  for  by 
their  means  we  can,  in  most  cases,  determine  with  certainty  the 
number  of  OH  groups  there  are  in  the  substance.  These  chlo- 
rides react  with  the  oxygen  compounds  in  such  a  manner  that 
the  hydrogen  in  the  OH  groups  is  displaced  by  acetyl  or  benzoyl 
respectively,  according  to  the  chloride  which  has  been  employed ; 
for  instance,  acetic  acid,  when  treated  with  acetic  chloride  gives 
rise  to  acetic  acetate  or  acetic  anhydride : 

CgHgOlOH)      +      CgHgOCl     =      (C2H30),0     +      HCl. 

Acetic  acid.  Acetic  chloride  Acetic  anhydride. 

Again,  orcin,  C^HgOg,  is  thus  shown  to  contain  two  OH  groups, 
and  to  be,  therefore,  a  dihydroxyl  derivative  of  toluene,  CyHg(0H)2. 
The  action  is  as  follows  : 

C,H,(OH),     +      2CJH5OCI     =     C,H,02(C,H,0),    +     2HCI. 

Orcin.  Benzoic  chloride.  Dibenzoyl-orcin. 

(1097)  The  list  of  reagents,  the  use  of  which  has  been  con- 
sidered in  the  preceding  paragraphs,  is  far  from  being  exhaustive, 
although  it  includes  most  of  those  which  are  of  general  applica- 
tion. The  others,  such  as  ammonia,  cyanogen,  &c.,  usually 
give  rise  to  a  special  class  of  reactions,  which  will  be  most  con- 
veniently studied  when  describing  the  compounds  produced  in 
this  way. 

Amongst  those  forces  which  affect  chemical  reactions  the  one 
brought  most  prominently  under  the  notice  of  the  chemist  is  un- 
doubtedly heat.  Some  organic  substances,  and  especially  those 
of  complex  structure,  split  up  into  compounds  of  a  simpler  nature 
when  subjected  to  a  high  temperature.  In  other  cases  the  union 
of  two  organic  compounds,  or  the  action  of  reagents  on  them,  is 
greatly  facilitated  by  gently  heating  them.  The  variations  in 
chemical  action  caused  by  elevations  of  temperature  are  so  nume- 
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rous,  and  of  such  universal  occurrence,  that  the  effects  produced 
by  it  must,  of  necessity,  be  considered  when  the  formation  and 
preparation  of  the  individual  compounds  are  described. 

The  effect  of  insolation,  or  exposure  to  the  direct  rays  of  the 
sun,  is  in  many  instances  very  marked,  as  has  already  beeu 
noticed  in  the  formation  of  hydrochloric  acid  from  hydrogen  and 
chlorine  {'^2>^).  Results  of  a  similar  nature  are  frequently  ob- 
tained with  organic  compounds ;  for  instance,  mercury  has  no 
perceptible  action  on  methylic  iodide  when  protected  from  the 
light,  but  on  exposure  to  the  direct  solar  rays  combination  gradu- 
ally ensues,  and  mercuric  iodomethide,  HgCHgl,  is  produced. 


CHAPTER  IV. 

CYANOGEN    AND    ITS    COMPOUNDS. 


(1098)  Cyanogen  :  C^Ng  or  Cy2=52. — This  substance  is 
one  of  the  most  interesting  compounds  of  carbon,  and  its 
discovery  by  Gay-Lussac,  in  1814,  formed  an  epoch  in  the 
history  of  chemical  science.  It  was  the  first  compound  body 
which  was  distinctly  proved  to  enter  into  reactions  in  a  manner 
similar  to  that  in  which  the  elements  do.  New  views  of  chemical 
composition  were  thus  originated,  which  were  afterwards  exten- 
sively developed  in  the  theory  of  the  so-called  compound  radicles, 
and  have  exercised  a  most  material  inflence  upon  the  theory  of 
organic  compounds  in  general.  The  name  of  Cyanogen  (from 
KvavoQ  blue,  y^vvau)  to  produce),  is  derived  from  the  circumstance 
that  this  body  forms  an  essential  ingredient  in  Prussian  blue.  It 
does  not  as  yet  seem  to  have  been  formed  by  the  direct  union  of 
its  constituent  elements,  but  if  a  mixture  of  charcoal  and  potassic 
carbonate  be  heated  to  redness  in  a  porcelain  tube,  and  nitrogen 
passed  over  it,  carbonic  oxide  escapes  abundantly,  whilst  potassic 
cyanide  is  produced:  K2C03  +  4C  +  N2=2KCN  +  3CO.  This 
operation  takes  place  in  the  blast  furnace  during  the  smelting  of 
iron,  a  notable  quantity  of  potassic  cyanide  being  formed  near 
the  hottest  part  [notej  730),  the  potassium  being  derived  from  the 
ashes  of  the  coal  or  from  the  clay  in  the  ore  employed. 

Ammonia  if  passed  over  glowing  charcoal  yields  cyanogen 
compounds  still  more  readily,  especially  when  potassic  carbonate 
is  also  present.  The  oxidized  compounds  of  nitrogen,  such  as 
the  nitratesj  likewise  readily  furnish  small  quantities  of  the  com- 
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pounds  of  cyanogen^  as  is  frequently  observed   in   deflagrating 
charcoal  with  nitre. 

The  sensitive  reaction  for  ascertaining  the  presence  of  nitrogen 
in  organic  compounds  already  mentioned  (1036)  is  founded  upon 
the  facility  with  which  either  potassium  or  sodium  determines  the 
formation  of  cyanogen  from  nitrogenized  compounds  of  carbon. 
Advantage  is  also  taken  of  this  circumstance  in  the  manufacture 
of  potassic  ferrocyanide.  When  animal  matters  containing  nitro- 
gen are  heated  with  potassic  carbonate  at  a  high  temperature, 
the  latter  is  reduced,  and  the  potassium  at  the  moment  of  its 
liberation  combines  with  the  nitrogen  and  a  portion  of  the  carbon 
to  form  potassic  cyanide,  which  is  subsequently  converted  into 
ferrocyanide  (1114). 

Cyanogen  is  also  present  in  small  quantity  among  the  pro- 
ducts obtained  during  the  distillation  of  pit  coal,  and  it  is 
formed  during  the  decomposition  of  ammonic  oxalate  by  heat, 
CjO.lNHJ,  yielding  C,N,  +  40H,. 

Cyanogen  is  usually  prepared  by  strongly  heating  dry  mercuric 
cyanide,  HgCyg,  in  a  retort  or  glass  tube,  when  it  splits  up  into 
metallic  mercury  and  cyanogen  gas  which  should  be  collected 
over  mercury.  Instead  of  mercuric  cyanide  a  mixture  of  two 
parts  of  thoroughly  dried  potassic  ferrocyanide  and  three  of 
mercuric  chloride  may  be  employed. 

Cyanogen  is  a  transparent  colourless  gas  which  burns  with  a 
beautiful  rose-edged  purple  flame.  It  has  a  peculiar  penetrating 
odour  and  is  poisonous  if  respired.  Water  at  the  ordinary  tempera- 
ture dissolves  about  four  times  its  volume  of  the  gas,  and  it  is 
still  more  freely  soluble  in  alcohol.  In  porcelain  or  glass  vessels 
it  supports  a  high  temperature  without  decomposition,  but  if  heated 
in  iron  tubes,  charcoal  is  deposited,  and  a  volume  of  nitrogen 
remains  equal  to  that  of  the  cyanogen  used. 

The  composition  of  cyanogen  may  be  determined  by  detona- 
tion in  the  eudiometer  with  oxygen,  the  combustion  being 
attended  with  a  powerful  explosion.  One  volume  of  cyanogen 
and  two  volumes  of  oxygen  yield  two  of  carbonic  anhydride  and 
one  of  nitrogen;  C2N2-1-202=2C03  4-N3 ;  two  volumes  of  cya- 
nogen therefore  contain  two  volumes  of  nitrogen,,  or  28  parts  by 
weight,  united  to  24  parts  by  weight  of  carbon : 

5y  weight.  33y  vol. 

Carbon  ...  C^      =;      24  or  46*15      ...      ? 

Nitrogen       ...         'N,      -      ?8        53-85      ...      2 

Cyanogen      ...     C^N^     ==      53      IQQ'OQ     ...     Z 
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Cyanogen  is  readily  reduced  to  the  liquid  state  by  a  pressure 
of  about  four  atmospheres  at  a  temperature  of—  i2°'5  (9°'5  F.).  It 
forms  a  colourless,,  limpid  liquid,  of  sp.  gr.  o'866  at  17°  {62^'6  F.), 
which,  on  the  removal  of  the  pressure,  rapidly  but  quietly 
resumes  the  gaseous  state;  according  to  Bunsen  it  boils  at 
—  20°7(-5°  F.).  It  freezes  at  — 34°'5  (-30°  F.).  and  forms  a 
transparent  crystalline  solid,  which  is  nearly  of  the  same  density 
as  the  liquid. 

Fig.  390  shows  an  easy  method  of  liquefying  cyanogen  by  the  pressure  of 
its  own  vapour  :  a  tube  of  hard  glass  is  bent  in  the  form  of  a,  h,  c.     Into  the 

Fig.  390. 


limb,  a,  well-dried  mercuric  cyanide  is  introduced ;  the  bend,  h,  is  placed  in  a 
basin  containing  a  freezing  mixture  of  ice  and  salt,  and  heat  is  applied  cautiously 
to  the  cyanide  at  a ;  as  soon  as  the  gas  begins  to  escape,  the  stopcock  at  e  is 
closed,  and  the  cyanogen  then  becomes  condensed  in  the  liquid  state  and  collects 
in  the  bend,  b. 

If  potassium  be  heated  in  cyanogen  it  burns  and  combines 
with  it,  forming  potassic  cyanide,  a  saline  body  analogous  to 
sodic  chloride  or  common  salt:  C2N2  +  K2  =  2KCN.  This  re- 
action is  evidently  analogous  to  that  which  takes  place  with 
chlorine  and  potassium  under  similar  circumstances:  Cl2  +  K2  = 
2KCI,  and  serves  to  illustrate  the  existence  of  the  remarkable 
property  possessed  by  cyanogen  of  behaving  with  metals  and 
other  bodies  like  the  haloid  elements.  The  aqueous  solution  of 
cyanogen  gradually  decomposes  when  kept;  a  brown  substance 
is  deposited,  and  the  solution  contains  ammonic  oxalate  together 
with  other  products:  C2N2  +  40H2=C204  {NHJ2-  When  cya- 
nogen is  passed  into  a  concentrated  solution  of  hydrochloric  acid 
the  liquid  after  some  hours  deposits  crystal  of  oxamide  :  C2N2  + 
20H2=C202(NH2)2.  Dry  ammonia  and  cyanogen  combine, 
forming  hydrazulmin,  C^NgHg  (see  mycomelic  acid). 

(1099)  Paracyanogen,  C^N^. — When  thoroughly  dry  mercuric  cyanide  is 
strongly  heated,  as  in  the  preparation  of  cyanogen,  a  brosvn  residue  is  left  in  the 
^•etort,  which  consists  of  a  compound  of  carbon  and  nitrogen  of  the  same  cente- 
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simal  composition  as  cyanogen.  The  constitution  of  jparacyanogen,  as  this 
polymeride  of  cyanogen  is  called,  is  at  present  unknown.  According  to  Troost 
and  Hautefeuille,  the  best  method  of  preparing  it  is  to  heat  the  dry  mercuric 
cyanide  in  sealed  tubes  to  440°  (824°  F.)  in  boiling  sulphur  for  twenty -four 
hours,  subsequently  removing  the  mercury  by  heating  the  product  to  440° 
(824°  F.)  in  a  stream  of  cyanogen  ;  by  this  means  40  per  cent,  of  the  cyanogen 
present  is  converted  into  paracyanogen  {Comptes  rendus,  Ixvi.  735,  795).  Ar- 
gentic cyanide  also,  when  strongly  heated  under  pressure,  yields  a  large  propor- 
tion of  paracyanogen.  This  compound  is  insoluble  in  water,  and  is  neither  vola- 
tile nor  fusible.  When  heated  to  860°  (1580°  F.),  it  is  entirely  reconverted 
into  gaseous  cyanogen. 

(1 100)  Hydrocyanic  acid;  Hydric  Cyanide,  or  Prussic  Acid: 
HCNor  HCy=27. — When  a  mixture  of  cyanogen  and  hydrogen  is 
submitted  to  the  action  of  the  silent  electric  discharge  the  two 
gases  unite  to  form  the  so-called  hydrocyanic  acid^  but  other 
substances  appear  to  be  produced  at  the  same  time:  C^Ng-f  £[2= 
2HCN ;  it  has  also  been  observed  by  Berthelot  that  when  a 
rapid  stream  of  sparks  from  an  induction  coil  is  passed  through  a 
mixture  of  acetylene  and  nitrogen  a  portion  of  the  mixed  gases  is 
converted  into  hydrocyanic  acid:  C2H2-fN2  =  2HCN.  Hydro- 
cyanic acid,  mixed  with  a  peculiar  essential  oil,  is  obtained  by 
distillation  from  the  kernels  of  the  bitter  almond,  and  from 
those  of  many  varieties  of  stone  fruit ;  it  is  also  present  in  the 
water  which  is  distilled  off  the  leaves  of  the  laurel,  the  peach, 
and  some  other  shrubs  ;  the  juice  of  the  tapioca  plant  [Jatropha 
manihot)  likewise  contains  it,  and  it  is  also  formed  under  various 
circumstances  during  the  oxidation  and  decomposition  of  certain 
nitrogenized  substances. 

The  acid  may  be  easily  prepared  in  many  ways ;  thus,  if  a 
current  of  dried  sulphuretted  hydrogen  be  passed  through  a  long 
tube  filled  with  mercuric  cyanide  until  the  latter  has  become 
almost  entirely  blackened,  mercuric  sulphide  and  hydrocyanic 
acid  are  formed:  HgCy2  +  H2S  =  HgS-f-2HCy.  It  may  also  be 
obtained  by  decomposing  any  of  the  cyanides  with  a  strong  acid, 
and  subjecting  them  to  distillation ;  for  example,  mercuric  cya- 
nide when  treated  with  hydrochloric  acid  yields  it  readily,  but  as 
hydrocyanic  acid  combines  with  the  mercuric  chloride  formed 
during  the  reaction,  the  whole  of  the  hydrocyanic  acid  is  not 
obtained  by  this  means  unless  ammonic  chloride  be  added  to  the 
mixture :  this  combines  with  the  mercuric  chloride  and  liberates 
the  hydrocyanic  acid.  The  most  economical  process  is  that  of 
Wohler :  he  prepares  a  crude  potassic  cyanide  by  fusing  8  parts 
of  dried  potassic  ferrocyanide  with  3  of  potassic  carbonate  and  i 
part  of  charcoal.  The  decomposition  which  takes  place  is  shown  in 
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the  following  equation:  K^FeCyg  +  K.COg  +  2C  =  6KCy  +  Fe  +  3CO. 
The  fused  mass  is  treated  with  6  times  its  weight  of  water^ 
in  a  well-closed  vessel,  and  the  clear  liquid,  decanted  from 
the  iron  which  it  is  the  object  of  this  operation  to  separate,  is 
poured  into  a  retort ;  sulphuric  acid,  diluted  with  an  equal 
weight  of  water,  is  then  gradually  added  in  the  proportion  of 
I  part  of  the  acid  to  %  of  the  cyanide.  At  first  the  distillation 
proceeds  spontaneously  from  the  heat  developed  by  the  admix- 
ture of  the  sulphuric  acid  with  the  water,  and  in  order  to  condense 
the  acid,  the  products  are  made  to  pass  through  a  long  U-shaped 
tube,  immersed  in  cold  water,  and  filled  with  calcic  chloride,  with 
the  exception  of  the  first  fourth  of  the  tube,  which  contains 
fragments  of  the  crude  potassic  cyanide;  to  the  bent  tube  is 
attached  a  second  delivering  tube,  which  passes  to  the  bottom  of 
a 'bottle  cooled  with  ice  and  salt.  The  calcic  chloride  in  the 
U-tube  retains  the  moisture,  and  the  potassic  cyanide  any 
sulphuric  acid  that  might  chance  to  pass  over,  whilst  the 
hydrocyanic  acid  collects  in  the  anhydrous  state  in  the  cooled 
receiver.  Owing  to  its  intensely  poisonous  character,  and  almost 
instantaneous  action  in  destroying  life,  the  greatest  care  is 
requisite  in  conducting  experiments  with  this  substance  ;  the 
apparatus  should  always  be  arranged  so  that  the  vapours  are 
carried  away  from  the  operator  by  a  brisk  current  of  air.  The 
reaction  of  sulphuric  acid  upon  potassic  cyanide  is  very  simple, 
being  exactly  analogous  to  its  action  upon  sodic  chloride : 

aKCy  -f  %Yi^O^-=  2HCy  +  2KHSO4. 

Anhydrous  hydrocyanic  acid  is  a  colourless,  transparent  liquid, 
which  boils  at  26^-5  (80°  F.) ;  sp.  gr.  7058  at  f  (44°-5  F.)  It 
is  very  volatile ;  in  fact,  so  rapidly  does  it  evaporate,  that  if  a 
drop  be  allowed  to  fall  upon  a  glass  plate,  part  of  the  acid 
becomes  frozen  by  the  cold  produced  by  its  own  evaporation.  Its 
vapour  has  an  odour  resembling  that  of  peach  blossoms,  causing 
a  peculiar  sense  of  oppression,  and  a  constriction  in  the  fauces. 

Hydrocyanic  acid  is  very  inflammable ;  it  burns  with  a  flame 
\  resembling  that  of  cyanogen,  but  of  a  whiter  colour.  When 
potassium  is  heated  in  hydrocyanic  acid  vapour,  potassic  cyanide 
is  formed,  and  a  volume  of  hydrogen  equal  to  half  that  of  the 
vapour  employed  is  liberated  ;  chlorine  and  bromine  decompose 
it  immediately,  hydrochloric  or  hydrobromic  acid  is  produced, 
and  if  excess  of  the  halogen  be  present,  cyanogen  chloride  or 
bromide  is   formed.     If  5  volumes  of  oxygen  be  mingled  with 
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4  of  hydrocyanic  vapour,  a  mixture  is  obtained  wliicli  detonates 
powerfully  on  passing  the  electric  spark  ;  4  volumes  of  carbonic 
anhydride  and  2  of  nitrogen  remain,,  and  2  volumes  of  steam  are 
condensed  :  4HCN  +  502  =  4003  +  2N2  -f  2OH2.  The  composition 
of  hydrocyanic  acid  may  be  calculated  from  the  result  of  this 
experiment  J  and  may  be  represented  as  follows  : 

By  weight.  By  vol. 

Carbon  C      =      12  or  4445  ...      ? 

Nitrogen       N      =      14         51*85  ...      I 

Hydrogen     H      =        i  3*70  ...      i 

Hydrocyanic  acid  ...    HCN      =      27       loo'oo     ...      2 

"When  anhydrous  hydrocyanic  acid  is  mixed  with  its  own 
weight  of  water,  a  contraction  in  bulk  amounting  to  between  6 
and  7  per  cent,  takes  place,  and  at  the  same  time  a  depression  of 
several  degrees  of  temperature  occurs  (Bussy  and  Buignet).  The 
same  effects  are  observed  in  a  smaller  degree  if  the  two 
liquids  are  mixed  in  other  proportions;  but  the  maximum 
reduction  of  temperature  occurs  when  equal  weights  of  the  two, 
corresponding  to  2HCy,30H2  are  taken.  {Ann.  Chim.  Phys, 
[4],  iii.  2^^.) 

Hydrocyanic  acid  reddens  litmus  slightly,  dissolves  mercuric 
oxide  freely,  and  precipitates  argentic  nitrate  in  white  flocculi  of 
argentic  cyanide,  AgCy  ;  but  the  acid  properties  of  this  body  are 
far  less  pronounced  than  those  of  hydrochloric  acid,  to  which  it  is- 
analogous  in  composition,  which  may  be  due  to  cyanogen  being 
but  feebly  negative  as  compared  with  chlorine. 

Pure  hydrocyanic  acid  may  be  kept  unchanged  according  to 
Gautier,  but  if  it  contain  a  trace  of  water  or  ammonic  cyanide, 
or  other  impurity,  it  soon  alters,  especially  if  exposed  to  light  j  a 
brown  humus-like  matter  is  then  formed. 

Pelouze  has  pointed  out  a  remarkable  decomposition  which 
furnishes  dilute  hydrocyanic  acid  almost  in  a  state  of  purity ; 
I  molecule  of  crystallized  ammonic  formate  contains  the  elements 
of  I  molecule  of  hydrocyanic  acid  and  2  molecules  of  water.  If 
this  salt  be  placed  in  a  retort  and  heated,  it  melts  at  120°  (248°  F.), 
loses  a  little  ammonia  at  140°  (284*^  P.),  and  between  180°  and 
200°  (356°  and  392°  P.),  distils  over;  if  the  vapour  be  passed 
through  a  red-hot  tube  it  is  wholly  converted  into  hydrocyanic 
acid  and  water  :  HC00NH4= HON  +  aOHg.  On  the  other  hand, 
an  aqueous  solution  of  hydrocyanic  acid  undergoes  spontaneous 
decomposition,  part  of  it  being  converted  into  ammonic  formate  ; 
HON   +  2OH2  =   HCOONH4. 
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The  formation  of  oxalic  acid  from  cyanogen  (p.  89),  and  of 
formic  acid  from  hydrocyanic  acid^  by  the  action  of  water  is  the 
result  of  the  conversion  of  the  CN  group  into  the  COOH  or 
carboxyl  group ;  thus  : 

C=:N  0  =  C-O^H 

I  +  4OH2  =  I  +   2NH3. 

C=N  0=C-0-H 

Cyanogen,  Oxalic  acid. 

H  -  C  ^  N  +  30H„   =  H-C-O-H   +   NH„. 

'11  ' 

O 

Hydrocyanic  acid.  Formic  acid. 

This  observation  is  of  considerable  importance,  as,  in 
fact,  whenever  the-C^^N  group  is  present  in  a  compound  it 
may  be  resolved  into  the  0  =  C  — O  — H  group  by  the  action 
of  water.  ' 

Dilute  hydrocyanic  acid  may  be  prepared  by  the  distillation 
of  potassic  ferrocyanide  with  dilute  sulphuric  acid;  10  parts  of 
the  salt  being  dissolved  in  4  times  its  weight  of  warm  water, 
and  distilled  with  7  parts  of  the  acid  diluted  with  twice  its 
weight  of  water,  until  about  half  the  bulk  of  the  liquid  has 
passed  over.     In  this  reaction, 

2K,(FeCyg)  +  6H2SO,= 6HCy  +  K^Fe-CFeCyg)  +  6KHS0,, 

only  one-half  of  the  cyanogen  present  in  the  ferrocyanide  is 
obtained  as  hydrocyanic  acid,  a  white  insoluble  compound,  long 
known  as  Everitt^s  salt,  being  left  in  the  retort;  this  has  the 
composition  K2re''(FeCyg),  and  appears  to  be  identical  with  the 
potassic  ferrous  ferrocyanide  formed  on  adding  a  solution  of  a 
ferrous  salt  to  one  of  ferrocyanide  (1120). 

As  the  add  is  now  frequently  employed  in  medicine,  it  is  highly  important, 
on  account  of  its  energetic  action,  to  be  able  to  insure  its  preparation  of  an  uni- 
form strength ;  this  is  easily  attained  by  the  process  of  a  former  Pharmacopoeia, 
which  directs  48 ^  grains  of  argentic  cyanide  to  be  suspended  in  an  ounce  of 
water,  and  to  be  decomposed  by  39  J  grains  of  hydrochloric  acid,  decanting  the 
clear  liquid  from  the  argentic  chloride ;  this  acid  contains  2  per  cent,  of  the  an- 
hydrous acid.  The  acid  when  dilute  is  less  prone  to  decomposition  than  when 
concentrated,  especially  if  a  little  free  sulphuric  acid  be  present :  but  it  should 
always  be  excluded  from  the  light.  This  acid  is  extremely  volatile,  and  if  a 
bottle  containing  the  diluted  acid  be  left  open  for  a  few  hours  it  will  be  found 
to  have  suffered  a  very  material  reduction  in  strength ;  indeed,  the  mere  open- 
ing and  closing  the  bottle  in  dispensing  the  medicine  always  reduces  its 
strength.  When  subjected  to  distillation  a  large  quantity  is  usually  lost,  and 
the  greater  portion  of  the  acid  comes  over  in  the  first  foarth  of  the  distillate. 
"What  is  called  Scheeles  acid  varies  greatly  in  strength,  owing  to  the  difficulty 
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of  condensing  the  acid  vapour.  It  is  directed  to  be  prepared  by  mixing  lo 
parts  of  potassic  ferrocyanide  with  375  of  sulphuric  acid  previously  diluted 
with  40  parts  of  water,  and  distilling  over  till  10  parts  are  collected.  It 
seldom  contains  more  than  5  per  cent,  of  the  acid,  and  the  proportion  is  often 
considerably  less. 

(iioi)  Hydrocyanic  acid  possesses  the  property  of  combining 
directly  witli  the  haloid  acids  forming  crystalline  compounds 
■which  in  contact  with  water  decompose  with  the  greatest  readiness 
into  the  corresponding  ammonic  salt  and  formic  acid,  thus  : 

N(CH)'''HC1  +   2OH3  =   NH.Cl  +   HCOOH. 

FouMONiTRiLE  HYDROCHLORIDE,  or  Methenylammomc  Chloride; 
N(CH)'''HCl  =  HCN,HCl.--Hydrochloric  acid  is  rapidly  absorbed 
by  well  cooled  anhydrous  hydrocyanic  acid,  and  on  allowing  the 
mixture  to  stand  it  becomes  hot  and  deposits  the  new  compound 
in  a  crystalline  state.  It  is  very  hygroscopic  and  its  solution 
rapidly  decomposes.  It  is  insoluble  in  ether,  but  soluble  in 
alcohol,  and  is  decomposed  by  it.  Hydrocyanic  acid  unites 
with  hydriodic  acid  to  form  the  hydriodide,  CHN,HI. 
The  compound  of  hydrocyanic  acid  with  hydrobromic  acid, 
according  to  Gal,  has  the  formula  CHN,HBr,  but  according  to 
Gautier  its  formula  is  2CHN^3HBr.  Compounds  of  hydro- 
cyanic acid  with  certain  metallic  chlorides  also  exist,  such  as 
those  with  antimonic  chloride,  SbCl5,3HCy,  with  ferric  chloride 
Fe2Clg,4HCy,  and  with  stannic  chloride  SnCl^HCy;  they  are 
crystalline  substances,  and  may  be  prepared  by  the  direct  union 
of  hydrocyanic  acid  with  the  anhydrous  metallic  chloride. 

(1102)  Teihydeoctanic  Acid,  C3N3H3. — When  hydrocyanic  acid  or  its 
aqueous  solution  is  heated  with  epichlorhydrin,  or  when  an  aqueous  solution,  to 
which  a  snjall  quantity  of  an  alkaline  hydrate  has  been  added,  is  allowed  to  stand 
for  some  weeks,  a  part  of  the  hydrocyanic  acid  is  converted  into  a  polymeric 
modification,  which  may  be  extracted  from  the  brown  humus4ike  mass  by  means 
of  ether.  On  evaporating  the  ethereal  solution  a  brown  crystalline  mass  of  the 
so-called  trihydrocyanic  acid  is  left,  which  can  be  purified  by  treatment  with 
animal  charcoal  and  crystallization  from  hot  water.  It  is  only  slightly  soluble 
in  cold  water,  more  readily  in  hot  water.  This  compound  is  decomposed  by  the 
action  of  alkalies  or  acids,  yielding  amidoacetic  acid  or  glycocine,  carbonic  anhy- 
dride, and  ammonia : 

C3N3H3   +    2HCI    +    4OH,   =    a_NHp/+    CO,    +    2NH,C1. 

Trihydrocyanic  acid.  Ami'doaceiic  acid. 

(i  103)  Detection  of  Hydrocyanic  Acid  and  the  Cyanides, — The 
presence  of  hydrocyanic  acid  or  of  the  soluble  cyanides  in  solu- 
tion may  be  determined  by  the  following  tests : — 

I.  With  argentic  nitrate,  a  white  curdy  precipitate  is  formed, 
which    does   not   blacken   by   exposure  to  light,  and  is   nearly 
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insoluble  in  cold  nitric  acid  ;  when  tlie  dry  precipitate  is  heated 
to  redness  it  gives  off  cyanogen. — 2.  If  to  the  liquid  a  slight 
excess  of  potassic  hydrate  be  added,  and  then  a  mixture  of 
ferrous  and  ferric  sulphate,  a  precipitate  of  hydrated  ferric  and 
ferrous  oxide  is  produced,  which,  when  treated  with  excess  of 
hydrochloric  acid,  leaves  Prussian  blue.  This  test  may  be  modi- 
fied by  gently  heating  the  suspected  mixture  with  sulphuric  acid, 
and  suspending  in  the  flask  or  retort  for  a  few  minutes  a  piece 
of  paper  moistened  with  a  solution  of  potassic  hydrate ;  on 
dropping  a  weak  solution  of  the  mixed  sulphates  of  iron  upon 
the  paper,  and  then  immersing  it  in  diluted  sulphuric  acid,  hydro- 
cyanic acid  may  be  recognised  by  the  formation  of  Prussian  blue 
when  very  minute  traces  only  are  present. — 3.  Let  the  liquid  be 
acidulated  with  a  few  drops  of  hydrochloric  acid,  place  it  in  a 
watch-glass,  and  let  a  second  watch-glass  be  inverted  over  it, 
moistened  with  a  drop  of  a  solution  of  yellow  ammonic  sulphide 
(containing  ammonic  disulphide) ;  after  a  few  minutes  let  the 
upper  watch-glass  be  removed,  and  the  liquid  be  evaporated  to 
dryness  at  a  gentle  heat :  ammonic  sulphocyanate  will  be  left, 
and  the  volatile  ammonic  sulphydrate  will  pass  off:  (NH^)2S^  + 
HCN  =  CNS.NH,  +  SH.NH4.  On  adding  a  drop  of  a  weak  solu- 
tion of  ferric  chloride  to  the  dry  residue  a  red  colour  is  produced, 
due  to  ferric  sulphocyanate. 

(1104)  Estimation  of  Hydrocyanic  Acid. — Liebig  has  given  a 
ready  method  for  the  exact  determination  of  the  strength  of 
a  solution  of  hydrocyanic  acid  founded  upon  the  solubility  of 
the  double  cyanide  of  potassium  and  silver  (1109). 

The  acid  to  be  tested  is  supersaturated  with  a  solution  of 
potassic  hydrate,  and  a  standard  solution  of  argentic  nitrate 
(containing  17  gramme  of  nitrate  in  loo  cubic  centim.  of  water) 
is  gradually  added,  agitating  the  mixture  after  each  addition : 
as  soon  as  the  precipitate  is  no  longer  redissolved,  the  number 
of  cubic  centims.  of  nitrate  added  is  read  off;  1*7  grm.  of  argentic 
nitrate  represent  0*34  grm.  of  hydrocyanic  acid.  The  reaction 
is  the  following:  AgN03  +  2KCy=AgCy,KCy4-KN03.  The 
presence  of  chlorides  does  not  interfere  with  the  application  of 
the  test. 

Cupric  sulphate  may  be  substituted  for  the  argentic  nitrate 
if  the  hydrocyanic  solution  be  rendered  alkaline  with  ammonia 
instead  of  with  potassic  hydrate.  The  reaction  is  complete  as 
soon  as  the  liquid  acquires  a  slightly  blue  tinge  :  1*247  g^^-  of 
the  crystallized  sulphate  represents  0*54  grm.  of  hydrocyanic 
acid. 
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The  quantity  of  cyanogen  in  the  simple  cyanides  may  be  determined  by  the 
following  method  proposed  by  Heisch  {Journ.  Chem.  Soc,  ii.  219).  The  sub- 
stance for  analysis  is  placed  in  a  small  flask  with  some  pieces  of  pure  zinc  and  a 
little  water ;  the  neck  of  the  flask  is  fitted  with  a  cork,  through  which  are 
passed  a  tube  bent  twice  at  right  angles  for  carrying  off  the  gas  which  is  disen- 
gaged, and  a  tube  funnel,  down  which  sulphuric  acid  is  poured.  Hydrogen  is 
liberated,  and  carries  off  the  whole  of  the  cyanogen,  in  the  form  of  hydrocyanic 
acid,  which  is  arrested  by  causing  it  to  pass  through  a  solution  of  argentic 
nitrate.  The  argentic  cyanide  may  afterwards  be  collected  upon  a  filter  and 
weighed;  but  it  is  better  to  conduct  the  vapours  of  hydrocyanic  acid  into  a 
solution  of  potassic  hydrate,  and  afterwards  to  add  to  the  alkaline  liquid  a 
standard  solution  of  argentic  nitrate,  or  of  cupric  sulphate. 

(1105)  Cyanides. — The  cyanides  of  the  metals  of  the  alkalies 
and  alkaline  earths  are  freely  soluble  in  water^  whilst  most  of  the 
cyanides  of  the  heavy  metals  are  insoluble  ;  when  boiled  with 
hydrochloric  acid  they  are  generally  decomposed  with  evolution 
of  hydrocyanic  acid ;  those  of  silver  and  mercury,  when  heated 
to  redness,  yield  cyanogen  gas.  The  soluble  cyanides  give  a  grey 
precipitate  of  the  reduced  metal  when  mixed  with  a  solution  of 
a  mercurous  salt ;  the  mercuric  salts,  on  the  contrary,  give  no  pre- 
cipitate. Most  of  the  cyanides  which  are  insoluble  in  water  may 
be  dissolved  by  means  of  a  solution  of  the  cyanide  of  an  alkali 
metal :  in  such  cases  double  cyanides  are  generally  formed. 
The  cyanides  of  iron,  cobalt,  manganese,  chromium,  platinum, 
and  some  other  metals  form,  with  the  cyanides  of  the  metals  of 
the  alkalies  and  the  alkaline  earths,  compounds  of  a  peculiar 
character  in  which  the  presence  t)f  the  iron,  or  the  cobalt,  &c., 
cannot  be  detected  by  the  usual  tests  for  these  metals.  Some  of 
these  compounds  are  of  considerable  importance. 

(1106)  Potassic  Cyanide  ;  KCN  or  KCy  =  65-i. — This  salt  is 
formed  when  potassium  is  heated  in  cyanogen  or  hydrocyanic 
acid  vapour,  or  when  potassic  hydrate  is  dissolved  in  a  solution 
of  hydrocyanic  acid.  It  is  most  conveniently  prepared  by  heat- 
ing thoroughly  dried  potassic  ferrocyanide  to  redness  in  an  iron 
vessel,  taking  care  to  exclude  the  air,  the  reaction  being 
K4reCgNg=4KCN  +  FeC2  +  N2.  Most  of  the  potassic  cyanide 
may  be  poured  off,  in  a  fused  state,  from  the  iron  carbide  which 
settles  at  the  bottom,  and  the  remainder  may  be  obtained  by 
pulverizing  the  latter  and  extracting  it  with  boiling  alcohol, 
which  deposits  the  cyanide  in  the  crystalline  state  on  cooling. 
It  may  also  be  obtained  by  heating  to  dull  redness  in  a  covered 
iron  crucible  a  mixture  of  8  parts  of  anhydrous  potassic  ferro- 
cyanide, and  3  of  dried  potassic  carbonate  until  the  fused  mass 
has  lost  its  yellow  colour,  and  ceases  to  give  off  bubbles  of  gas. 
The  iron  is  separated  in  the  form  of  a  metallic  powder^  and  sub- 
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sides  to  the  bottom  of  the  crucible ;  the  fused  cyanide  can  then 
be  poured  off,  as  in  the  previous  process,  and  solidifies  on  cooling 
to  a  milk-white  mass.  The  cyanide  thus  obtained  is,  however, 
always  mixed  with  a  portion  of  cyanate,  the  reaction  being  shown 
in  the  following  equation : 

K.FeCgNg   +   K2CO3  =  5KCN   +   KCNO    +   Fe   +   CO^. 

Potassic  cyanide  is  prepared  in  considerable  quantities  for  the 
purpose  of  dissolving  the  salts  of  gold  and  silver  in  the  processes 
of  electrotyping  ;  it  is  also  employed  in  photography. 

If  it  be  desired  to  avoid  the  presence  of  potassic  cyanate,  it 
may  be  got  rid  of  by  adding  to  the  mixture  of  the  carbonate  and 
ferrocyanide,  before  fusion,  one-eighth  of  its  weight  of  charcoal, 
which  at  a  red  heat  reduces  the  potassic  cyanate  to  cyanide : 
the  fused  salt,  when  decanted  from  the  iron,  will  then  have  a 
black  aspect,  owing  to  the  presence  of  the  charcoal  which  has 
been  employed  in  excess.  If  it  is  to  be  used  in  solution  imme- 
diately, it  may  be  dissolved  in  water  and  filtered,  or  it  may  be 
purified  by  crystallization  from  boiling  alcohol.  When  pure 
potassic  cyanide  is  required,  however,  it  is  best  to  pass  the 
vapour  of  dry  hydrocyanic  acid  into  a  solution  of  potassic  hydrate 
iu  absolute  alcohol.  It  is  then  at  once  precipitated  in  the 
crystalline  state. 

Potassic  cyanide  forms  colourless,  deliquescent  cubes ;  it  has 
an  alkaline  reaction,  and  when  moist  emits  an  odour  of  hydro- 
cyanic acid ;  it  is  highly  poisonous.  Its  aqueous  solution  slowly 
decomposes  at  the  ordinary  temperature,  and  much  more  rapidly 
when  boiled,  giving  rise  to  potassic  formate  and  ammonia: 
CNK  +  20Hg=HCOOK  +  NH3.  Fused  potassic  cyanide  rapidly 
absorbs  oxygen,  so  that  it  is  a  powerful  and  valuable  reducing 
agent.  The  oxides  of  a  large  number  of  metals,  including  those 
of  lead,  copper,  and  iron,  when  thrown  into  the  melted  salt  are 
immediately  reduced  to  the  metallic  state,  while  potassic  cyanate 
is  formed.  It  may  also  be  used  in  the  laboratory  as  a  reducing 
agent  instead  of  black  flux,  in  testing  for  arsenicum  (841). 
Solutions  of  potassic  cyanide  dissolve  metallic  iron,  zinc,  nickel, 
and  copper,  with  evolution  of  hydrogen,  while  potassic  hydrate  is 
produced.  Silver  and  gold  are  also  dissolved  by  the  solution  of 
potassic  cyanide,  if  air  be  allowed  free  access,  and  double  cyanides 
of  potassium  with  those  metals  are  formed.  Cupric  sulphide 
is  soluble  in  an  excess  of  potassic  cyanide,  and  may  be  thus 
easily  separated  from  cadmic  sulphide,  which  is  insoluble  in  this 
reagent. 

a  H  . 
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(1107)  Double  Cyanides. — Potassic  cyanide  frequently  pro- 
duces a  precipitate  of  a  metallic  cyanide  when  mixed  with  solu- 
tions of  the  metals,  and  in  a  great  number  of  instances  they  are 
soluble  in  an  excess  of  the  potassic  cyanide,  forming  cry stalliz able 
double  salts.  The  cyanides  of  the  metals  of  the  other  alkalies 
and  of  the  alkaline  earths,  when  substituted  for  potassic  cyanide, 
produce  similar  double  cyanides.  The  double  cyanides  which 
are  formed  in  these  cases  are  of  two  kinds  or  classes ;  those 
of  the  first  class  are  highly  poisonous,  and  comparatively  unstable, 
being  decomposed  by  dilute  acids,  such  as  hydrochloric  acid.  In 
such  cases  the  potassic  cyanide  is  decomposed,  hydrocyanic  acid 
is  liberated,  and  the  insoluble  metallic  cyanide  is  precipitated : 
the  double  salts  which  the  cyanides  of  zinc,  nickel,  copper,  and 
silver  form  with  potassic  cyanide  belong  to  this  class.  When, 
for  example,  potassic  nickelous  cyanide  is  decomposed  by  hydro- 
chloric acid  nickelous  cyanide  is  precipitated;  the  following  re- 
action taking  place : 

NiCyg,  3KCy   +    3HCI   =   NiCy^   +•  2KCI   +    2HCy. 

The  alkalies  do  not  occasion  precipitates  in  the  solutions  of  the 
double  cyanides.  When  these  double  cyanides  are  mixed  with  a 
solution  of  a  metallic  salt  which,  like  plumbic  acetate  or  cupric 
sulphate,  is  capable  of  furnishing  an  insoluble  cyanide,  a  double 
insoluble  cyanide  is  formed ;  for  example  : 

NiCy„3KCy   +   Pb(C,H30,)3  =  NiCy^PbCy,  +   2KC,Ufi,. 

The  double  cyanides  of  the  second  class  are  much  more 
stable  :  the  addition  of  dilute  acids  does  not  produce  any  precipi- 
tate of  an  insoluble  cyanide,  neither  does  it  cause  the  liberation 
of  hydrocyanic  acid  ;  the  poisonous  characters  of  the  cyanides  is 
also  frequently  absent  in  salts  of  this  class.  The  double  salts 
which  the  cyanides  of  cobalt,  of  iron,  of  chromium,  and  of 
platinum,  form  with  potassic  cyanide,  are  of  this  kind,  and  they 
may  conveniently  be  regarded  as  compounds  of  potassium  with 
hypothetical  radicles,  to  which  the  terms  cobalti cyanogen,  ferro- 
cyanogen,  ferricyanogen,  chromicyanogen,  and  platinocyanogen, 
have  been  applied,  since,  from  these  salts,  acids  may  be  obtained 
which  contain  a  certain  number  of  atoms  of  hydrogen  capable  of 
being  replaced  by  metals.  For  instance,  the  cyanide  of  potassium 
and  iron,  termed  potassic  ferrocyanide,  which  is  represented  by 
the  formula,  K^FeCyg,  yields,  when  decomposed  by  hydrochloric 
acid,  a  compound  termed  hydroferrocyanic  acid,  H^FeCyg,  con- 
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taining  4  atoms  of  hydrogen  instead  of  the  4  of  potassium  in  the 
original  salt : 

K.FeCyg    +    4HCI   =    H^FeCy^    +    4KCI. 

Potassic  ferrocyanide.  Hydroferrocyanie  acid. 

The   compound    H^FeCyg  readily   decomposes  the   metallic  car- 
bonates with  effervescence. 

(1108)  Double  Cyanides. — The  following  are  some  of  the 
principal  insoluble  metallic  cyanides  which  yield  double  cyanides 
of  the  first  class^  i.e.,  double  salts  which  are  decomposed  and  yield 
a  precipitate  on  the  addition  of  a  dilute  acid. 

Zincic  cyanide  is  white,  and  insoluble  in  water ;  with  potassic  cyanide  it 
forms  a  soluble  salt,  ZnCy,2KCy,  which  may  be  obtained  in  large,  regular,  an- 
hydrous, colourless  octahedra.  Sodic  zincic  cyanide,  2ZnC3'-2,2NaCy,50H2,  may 
be  obtained  in  brilliant  plates,  if  sodic  cyanide  be  substituted  for  potassic 
cyanide.  Corresponding  compounds  containing  cadmium  and  indium  in  place  of 
zinc  also  exist.  The  indie  cyanide  is,  however,  easily  decomposed  when  boiled 
with  water,  indie  hydrate  being  formed,  and  hydrocyanic  acid  evolved.  Nichelous 
cyanide,  NiCyj,  forms  an  apple-green  precipitate,  which  is  very  soluble  in 
potassic  cyanide,  forming  a  double  salt,  NiCy2,2KCy,OH2,  which  crystallizes  in 
oblique  rhombic  prisms  of  a  yellow  colour.  Cuprous  cyanide,  Cu^Cyg,  is  a  white 
insoluble  powder  obtained  by  treating  an  acid  solution  of  cuprous  chlpride  with 
potassic  cyanide  ;  it  is  soluble  in  ammonia  and  in  dilute  acids.  Cupric  sulphate 
yields  with  potassic  cyanide  a  brownish-yellow  precipitate,  CuCy^,  which  may  be 
obtained  in  the  pure  state  by  treating  recently  precipitated  cupric  hydrate  with 
hydrocyanic  acid ;  it  soon  begins  to  give  off  cyanogen,  becoming  converted  into 
a  double  cuproso- cupric  cyanide,  Cu2Cy2,CuCy2,50H2.  On  boiling  this  with 
water  it  undergoes  decomposition,  cyanogen  being  evolved,  and  cuprous  cyanide 
formed.  The  cuproso-cupric  cyanide  may  also  be  obtained  in  bright  green 
crystals  by  adding  hydrocyanic  acid  to  a  solution  of  cupric  sulphate.  Cuprio 
cyanide,  CuCy^,  is  soluble  in  excess  of  potassic  cyanide,  with  evolution  of 
cyanogen,  and  formation  of  cuprous  cyanide ;  cuprous  cyanide  forms  two  crys- 
tallized double  salts,  Cu2Cy2,2KCy,  and  Cu2Cy2,6KCy.  The  latter  is  the  more 
soluble  salt  of  the  two.  On  precipitating  a  solution  of  the  former  with  plumbic 
acetate,  suspending  the  plumbic  cuprous  cyanide  thus  obtained  in  water  and  de- 
composing it  by  sulphuretted  hydrogen,  a  solution  of  cuprocyanic  acid, 
HgCu^Cy^,  is  left.  Plumbic  cyanide,  PbCy^,  is  a  white  precipitate  insoluble  in 
water,  or  in  a  solution  of  potassic  cyanide.  Dilute  sulphuric  acid  decomposes  it 
with  liberation  of  hydrocyanic  acid. 

(1109)  Argentic  Cyanide,  or  Cyanide  of  Silver ;  AgCN  or 
-^gCy  =  i34  ;  Sp.  gr.  3'943  ;  is  precipitated  in  dense  white  flocculi 
when  hydrocyanic  acid  or  potassic  cyanide  is  added  to  a  solution 
of  argentic  nitrate.  It  is  nearly  insoluble  in  dilute  nitric  acid 
even  at  a  boiling  temperature,  but  it  is  soluble  in  ammonia,  and 
is  decomposed  by  strong  boiling  nitric  acid  and  by  hydrochloric 
acid.  When  heated  strongly  it  melts,  and  gives  off  cyanogen, 
leaving  a  residue  of  a  grey  colour,  which  appears  to  be  a  mixture 
of  metallic  silver  and  paracyanogen,   or  perhaps  argentic  para- 

H  2 
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cyanide.  Argentic  cyanide  is  freely  soluble  in  solutions  of  the 
cyanides  of  potassium,  sodium,  barium,  strontium,  and  calcium. 
These  solutions  give  no  precipitate  with  solutions  of  the  metallic 
chlorides;  indeed,  argentic  cyanide  is  dissolved  by  boiling  solu- 
tions of  the  chlorides  of  the  alkali  and  alkaline  earthy  metals. 
It  is  also  soluble  in  a  solution  of  argentic  nitrate,  as  well  as  in 
solutions  of  potassic  ferrocyanide  and  ferricyanide.  When 
potassic  ferrocyanide  is  used  as  the  solvent,  a  dirty  blue  pre- 
cipitate is  formed,  and  the  liquid  becomes  strongly  alkaline. 
Potassic  argentic  cyanide^  AgCy,KCy=  199*1,  is  usually  obtained 
in  anhydrous  octahedra  or  six-sided  plates,  but  occasionally  it 
forms  rhombic  prisms,  2AgCy,KCy,OH2.  This  salt  is  freely 
soluble  in  water  and  in  boiling  alcohol.  It  is  extensively  em- 
ployed for  electro-silvering,  since  its  solution,  if  mixed  with  an 
excess  of  potassic  cyanide  and  then  submitted  to  electrolysis, 
deposits  silver  in  compact  coherent  plates  (295). 

(11  jo)  Mercuric  Cyanide,  or  Cyanide  0}  Mercury  ;  Hg(CN)2 
or  HgCy2  =  352;  <S/?.  gr,  3*77. — No  compound  of  mercury  and 
cyanogen  corresponding  to  the  mercurous  salts  is  known,  the 
addition  of  potassic  cyanide  to  a  solution  of  a  mercurous  salt 
producing  a  precipitate  of  metallic  mercury,  whilst  mercuric 
cyanide  remains  in  solution : 

Hg,(NO.),   +   2KCy   =   Hg   +    HgCy,   +    aKNO,. 

Mercuric  cyanide  may  be  prepared  either  by  dissolving  mercuric 
oxide  in  dilute  hydrocyanic  acid,  in  which  the  oxide  is  soluble 
with  great  facility,  or  by  boiling  a  mixture  of  4  parts  of 
finely-powdered  Prussian  blue  and  3  of  mercuric  oxide,  also 
finely  levigated,  with  30  parts  of  water,  until  the  undissolved! 
portion  has  acquired  a  full  brown  colour :  the  filtrate  on  evapora-  - 
tion  yields  mercuric  cyanide.  It  may  also  be  procured  by  boiling 
2  parts  of  mercuric  sulphate  with  i  part  of  potassic  ferrocyanide 
and  8  of  water  : 

K^FeCy,   +   sHgSO,  =   sHgCy,   +    2K,S0,   +   FeSO,. 

Mercuric  cyanide  crystallizes  in  anhydrous  rectangular  prisms^ 
which  are  colourless  and  transparent.  It  has  a  nauseous,  metalli 
taste,  and  is  very  poisonous.  It  requires  about  8  parts  of  col< 
water  for  solution;  it  is  less  soluble  in  ordinary  alcohol,  an^ 
nearly  insoluble  in  absolute  alcohol.  Mercuric  cyanide  is  decoi 
posed  when  heated ;  if  perfectly  dry  it  yields  cyanogen  gas,  metallij 
mercury,  and  a  residue  of  paracyanogen ;  if  moist,  carboni^ 
anhydride,  ammonia,  and  hydrocyanic  acid  are  produced. 
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Mercuric  cyanide  dissolves  mercuric  oxide  freely,  and  forms 
an  0ocycyanide,llgO^ligCj^,  =  O]jr\/>    which     crystallizes    in 

needles ;  it  is  sparingly  soluble  in  cold  water,  and  the  liquid  has 
an  alkaline  reaction.  Mercuric  cyanide  does  not  give  any  pre- 
cipitate of  mercuric  oxide  on  the  addition  of  an  alkali.  When 
heated  with  sulphuric  or  hydrochloric  acid  it  is  decomposed,  and 
hydrocyanic  acid  is  given  off.  It  is  also  decomposed  by  sul- 
phuretted hydrogen.  Mercuric  cyanide  forms  double  salts  with 
the  alkaline  cyanides,  the  potassic  compound,  2KCy,HgCy2, 
crystallizing  in  colourless  octahedra;  it  also  enters  into  com- 
bination with  a  great  number  of  chlorides,  bromides,  iodides, 
cyanides,  nitrates,  and  various  other  salts,  forming  with  them 
crystallizable  double  salts.  It  does  not  occasion  precipitates 
when  mixed  with  the  solutions  of  salts  of  zinc,  cobalt,  nickel, 
manganese,  and  other  metals  which  yield  cyanides  insoluble  in 
water,  with  the  exception  of  the  salts  of  palladium  ;  from  which 
it  would  appear  that  mercury  has,  so  to  speak,  a  stronger 
attraction  for  cyanogen  than  any  of  the  metals,  excepting 
palladium. 

(mi)  Cyanides  OP  Gold. — Aurous  cyanide ;  AuCy=232'6, 
may  be  obtained  by  several  methods;  the  simplest  consists  in 
adding  a  solution  of  potassic  cyanide  to  a  dilute  solution  of 
auric  chloride,  as  long  as  a  precipitate  is  produced.  It  is  a 
lemon-yellow  insoluble  powder,  composed  of  microscopic  hexagonal 
plates.  It  is  decomposed  by  heat  into  cyanogen  and  metallic 
gold ;  boiling  nitric,  sulphuric,  and  hydrochloric  acids  do  not 
decompose  it  unless  very  concentrated,  and  aqua  regia  acts  upon 
it  very  slowly.  It  is  soluble  in  sodic  thiosulphate,  in  ammonic 
hydric  sulphide,  and  in  a  solution  of  potassic  ferrocyanide ;  but 
its  most  important  solvent  is  potassic  cyanide,  with  which  it 
forms  a  double  salt,  AuCy,KCy,  crystallizing  in  colourless 
rhombic  octahedra,  or  in  pearly  scales. 

Potassic  aurocyanide  ;  KAu'Cy^- — This  salt  may  be  obtained  by  dissolving 
either  aurous  cyanide,  sulphide  of  gold,  or  auric  oxide,  in  a  solution  of  potassic 
cyanide.  The  double  cyanide  is  likewise  formed  by  dissolving  finely- divided 
metallic  gold  in  a  solution  of  potassic  cyanide  with  exposure  to  the  air.  Po- 
tassic aurocyanide  is  largely  used  for  gilding  by  means  of  the  galvanic 
battery  (955).  Copper  and  silver  articles  may  also  be  gilt  by  it  without  the  aid 
of  the  battery,  by  mere  immersion ;  portions  of  copper  or  of  silver  being  dis- 
solved during  the  operation.  Potassic  aurocyanide  combines  readily  with 
iodine,  forming  the  compound,  KAu'"Cy2l2.20H2,  from  which  the  corresponding 
compounds  containing  chlorine  and  bromine  are  obtained  on  treating  it  with 
chlorine  or  bromine  {Bloomstrand,  Journ.  jpr,  Chem.  [2]  iii.  213). 
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Potassic  auricyanide  ;  KAu"'Cy^.— On  boiling  neutral  auric  chloride -with  a 
concentrated  solution  of  potassic  cyanide,  and  allowing  it  to  cool,  large  trans- 
parent colourless  plates  of  the  double  salt,  KCy,  AuCyg.OH^,  are  deposited.  With 
argentic  nitrate  its  solution  yields  a  precipitate  of  argentic  aurocyanide,  and  on 
suspending  this  in  water  and  decomposing  it  by  hydrochloric  acid,  taking  care 
not  to  employ  excess  of  the  latter,  a  solution  of  hydroanricyanic  acid  is 
obtained.  This  deposits  large  colourless  crystals  of  hydric  auricyanide, 
2AuHCy^,30H2,  when  evaporated  in  vacuo. 

(ill 2)  Cyanides  op  Iron. — Little  is  known  accurately  of  the 
simple  cyanides  of  iron.  When  potassic  cyanide  is  mixed  with 
ferrous  sulphate  free  from  ferric  salt,  an  orange-brown  precipitate 
partially  soluble  in  acids  is  formed,  which,  according  to  Staedeler 
{Ann.  Chem.  Pharm.y  cli.  t),  consists  of  potassic  ferrous  cyanide, 
KFcgCyg.  This  precipitate  is  re-dissolved  by  an  excess  of  potassic 
cyanide,  and  converted  into  potassic  ferrocyanide.  The  white 
compound  obtained  by  decomposing  Prussian  blue  by  means  of  a 
current  of  sulphuretted  hydrogen  appears  not  to  be  a  simple 
cyanide  of  iron,  as  was  originally  supposed  by  Robiquet.  Ferric 
cyanide  has  not  been  procured  in  a  separate  form.  When  a 
solution  of  ferric  chloride  is  mixed  with  one  of  potassic  cyanide,  a 
precipitate  of  hydrated  ferric  oxide  is  obtained,  hydrocyanic  acid 
is  liberated,  and  potassic  chloride  is  formed ;  with  excess  of 
potassic  cyanide,  potassic  ferrocyanide  is  also  produced.  Prussian 
blue,  TurnhuWs  blue,  and  the  substance  which  Gmelin  terms 
Prussian  green,  are  compound  cyanides  of  iron. 

(11 13)  Ferrocyanides  and  Ferricyantdes. — The  cyanides 
of  iron,  when  in  combination  with  other  cyanides,  give  rise  to 
two  important  classes  of  compounds,  which  are  represented  by 
potassic  ferrocyanide,  the  so-called  yellow  prussiate  of  potash, 
K^FeCyg,30H2,  and  potassic  ferricyanide, the  so-called  red  prussiate 
of  potash,  KgFeCyg.  Liebig  supposed  that  these  two  classes  of 
salts  contain  two  separate  radicles,  ferrocyanogen,  FeCyg,  or  Cfy^"^, 
and  ferricyanogen,  FeCyg,  or  Cfdy''' ;  the  first  of  these  radicles 
being  assumed  to  be  tetrad  or  tetrabasic,  the  second  triad  or 
tribasic. 

(11 14)  Potassic  Ferrocyanide,  or  Prussiate  of  Potash; 
K,Fe(CN)g,30H2K,FeCyg,30H2=368'4,  or  K.Cfy- -f  54.  —  This 
important  salt  is  met  with  in  commerce  nearly  in  a  state  of 
purity.  It  is  formed  when  nitrogenized  matters  are  heated  to 
redness  with  potassic  carbonate  and  iron,  and  also  when  a  ferrous 
salt  is  mixed  with  a  solution  of  potassic  hydrate  supersaturated 
with  hydrocyanic  acid.  It  is  manufactured  on  a  large  scale  by 
heating  dried  blood,  horns,  parings  of  hides,  and  other  animal 
matters   containing   nitrogen^   with    an   equal   weight   of    crude 
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potassic  carbonate,  and  about  one-third  of  their  weight  of  iron 
filings,  in  a  covered  iron  pot.  The  reactions  by  which  the  ferro- 
cyanide  is  produced  are  complicated.  When  animal  matters  are 
heated  with  potassic  carbonate,  the  latter  is  reduced  and  the 
potassium  combines  with  carbon  and  nitrogen  to  form  potassic 
cyanide.  A  variable  quantity  of  the  iron  which  is  added  is  at  the 
same  time  converted  into  sulphide,  owing  to  the  action  of 
the  dipotassic  sulphide  (produced  by  the  reduction  of  the  potassic 
sulphate  in  the  crude  carbonate  employed)  upon  the  metal.  When 
the  mass  is  lixiviated,  the  potassic  cyanide  contained  in  the  mixture 
attacks  the  metallic  iron,  and  potassic  ferrocyanide  and  potassic 
hydrate  are  formed :  1 2KCy  +  aFe  +  2O H^  +  O3  =  2K^'FeCjQ  + 
4KHO  ;  if  the  air  have  not  free  access  hydrogen  is  also  evolved : 
6KCy  +  Fe  +  ciOlI^=K^¥eCj^  +  H^  +  2KHO.  At  the  same  time 
the  potassic  cyanide  acts  on  the  sulphide  in  the  following  manner  : 
6KCy-t-FeS  =  K4FeCyg-f-K2S,  yielding  potassic  ferrocyanide  and 
potassic  sulphide.  Ferrous  oxide  is  also  readily  dissolved  by  a 
solution  of  potassic  cyanide,  whilst  potassic  ferrocyanide  is  formed 
as  in  the  previous  cases  :  6KCy  +  FeO  +  OH2=K4FeCyg  +  2KHO. 
A  knowledge  of  these  reactions  explains  the  formation  of  the  ferro- 
cyanide during  the  lixiviation  practised  in  the  course  of  the 
manufacture. 

Potassic  ferrocyanide  crystallizes  from  an  aqueous  solution 
in  large  truncated  pyramids  of  a  lemon- yellow  colour,  containing 
3  molecules  of  water ;  the  crystals  are  tough,  and  split  into 
laminae  with  facility.  It  is  soluble  in  about  four  parts  of  cold 
and  in  two  of  boiling  water,  but  is  insoluble  in  alcohol ;  the  addition 
of  a  solution  of  potassic  hydrate  to  a  concentrated  aqueous  solu- 
tion causes  the  separation  of  a  portion  of  the  salt  in  the  crystal- 
line state.  Potassic  ferrocyanide  has  a  saline  bitterish  taste,  and 
is  not  poisonous.  Heated  to  Joo°  (212°  F.)  it  loses  the  whole  of 
its  water  of  crystallization,  and  crumbles  to  a  yellowish- white 
powder;  when  heated  to  redness  in  closed  vessels  it  fuses,  and 
undergoes  decomposition,  nitrogen  being  evolved,  whilst  potassic 
cyanide  and  carbide  of  iron  are  formed  (1106).  When  dried  and 
heated  with  black  oxide  of  manganese,  potassic  cyanate  is  produced. 

The  iron  in  the  ferrocyanide  does  not  perform  the  part  of  a 
basyl  for  when  a  solution  of  this  salt  is  submitted  to  electro- 
lysis the  iron  accompanies  the  cyanogen  to  the  negative  electrode. 
The  iron  cannot  be  thrown  down  from  an  aqueous  solution  of  the 
salt  by  the  addition  of  any  alkaline  solution ;  but  if  the  alkaline 
liquid  be  boiled  with  mercuric  oxide,  the  iron  is  separated  in  the 
form  of  hydrated  ferric  oxide. 
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When  distilled  with  dilute  sulphuric  acid,  potassic  ferrocyanide 
yields  hydrocyanic  acid  (iioo),  but  when  it  is  heated  with  ordinary 
concentrated  sulphuric  acid,  carbonic  oxide,  and  a  mixture  of 
potassic,  amnionic,  and  ferrous  sulphates  are  produced  (375). 
In  this  case  the  hydrocyanic  acid  which  probably  is  first  produced, 
is  converted  by  the  water  contained  in  the  sulphuric  acid  into 
formic  acid  and  ammonia,  but  by  contact  with  the  sulphuric  acid 
the  formic  acid  HgCOg  is  at  once  resolved  into  carbonic  oxide  and 
water.  Potassic  ferrocyanide  is  manufactured  in  large  quantities 
for  use  in  dyeing  and  calico  printing  ;  it  is  used  also  in  the  prepa- 
ration of  Prussian  blue,  as  well  as  in  the  processes  of  electro- 
plating and  electro-gilding,  and  is  the  source  from  which  the 
compounds  of  cyanogen  are  usually  prepared. 

(11 15)  Other  Ferrocyanides. — An  aqueous  solution  of  potassic 
ferrocyanide  produces  characteristic  precipitates  with  many  of  the 
metallic  salts,  so  that  it  is  extensively  employed  as  a  qualitative 
test.  The  precipitate  generally  consists  of  a  double  ferrocyanide 
of  potassium  and  the  metal  by  which  the  precipitate  is  occasioned. 
The  insoluble  ferrocyanides  cannot  be  precipitated  in  alkaline 
solutions  ;  the  liquid  should  therefore  in  all  cases  be  slightly  acid. 
Many  of  the  precipitates  are  white,  such  as  those  of  zinc,  cadmium, 
nickel,  manganese,  tin,  lead,  bismuth,  antimony,  silver,  and  mer- 
cury ;  with  the  exception  of  the  compounds  of  cadmium  and  man- 
ganese, these  are  insoluble  in  dilute  hydrochloric  acid.  The  most 
characteristic  precipitates  occasioned  by  potassic  ferrocyanide  are 
the  following : — with  the  salts  of  cobalt  a  yellowish-green ;  with 
ferrous  salts  a  white,  becoming  blue ;  with  ferric  salts  a  deep 
blue ;  and  with  cupric  salts  a  chocolate-brown ;  with  salts  of 
uranium  it  also  gives  a  brown  precipitate. 

The  following  is  a  list  of  some  of  the  ferrocyanides  in  which 
the  whole  or  a  part  of  the  potassium  of  potassic  ferrocyanide  is 
displaced  by  another  metal  : 


Potassic  ferrocyanide  .     .     . 
Tripotassic  sodic  ferrocyanide 
Dipotassic  disodic  ferrocyanide 
Potassic  trisodic  ferrocyanide 
Sodic  ferrocyanide      .     .     . 
Dipotassic  baric  ferrocyanide 
Dibaric  ferrocyanide  . 
Dipotassic  cupric  ferrocyanide 
Dipotassic  tricupric  ferrocyanide 


K/eCy,. 

K3NaPeCy,. 

K,Na,FeCy,. 

KNa3FeCy,. 

Na.FeCy,. 

K,BaFeCy,. 

Ba/eCy,. 

K^CuFeCy,. 

K,Cn3(FeCy,),. 


(i  116)  Hydeofeeeocyanic  Acid,  H^FeCyg. — This  compound  was  originally 
obtained  by  Porrett,  who  decomposed  potassic  ferrocyanide  by  means  of  tartaric 
acid,     A  better  plan  consists  in  preparing  a  concentrated  aqueous  solution  of  the 
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ferrocyanide,  boiling  it  to  expel  the  air,  and  then  allowing  it  to  cool  in  a  vessel 
provided  with  a  good  cork  to  exclude  air.     Ether  is  now  added,  and  an  excess  of 
hydrochloric  acid,  which  has  also  been  deprived  of  air  by  boiling.     On  agitating 
the  mixture,  white  scales  of  hydroferrocyanic  acid  are  deposited ; 
K^FeCy^  +  4HCI  =  H^FeCy^  +  4KCI. 

These  crystals  must  be  washed  with  a  mixture  of  alcohol  and  ether,  and 
dried  in  vacuo  over  sulphuric  acid,  Liebig  adds  by  degrees  to  a  cold  satu- 
rated solution  of  potassic  ferrocyanide  an  equal  volume  of  hydrochloric  acid ;  the 
white  precipitate  of  hydroferrocyanic  acid  thus  obtained  should  be  washed  with 
hydrochloric  acid,  dried  in  vacuo  upon  a  tile,  and  caused  to  crystallize  from  its 
solution  in  alcohol  by  the  addition  of  ether :  if  air  be  excluded  it  is  then  obtained 
in  large  colourless  crystals. 

When  hydroferrocyanic  acid  is  exposed  to  the  air,  it  absorbs  oxygen  and 
becomes  blue ;  its  solution,  when  boiled,  evolves  hydrocyanic  acid,  and  deposits  a 
white  insoluble  matter  containing  both  iron  and  cyanogen.  By  exposure  to  the 
air  this  white  substance  absorbs  oxygen,  becoming  converted  into  the  so-called 
basic  Prussian  blue. 

(11 1 7)  Potassic  Ferricyanide,  or  Red  prussiate  of  potash ; 
KgFegCyjg  or  K^{Ci&y)"\  =  6^%-6. — When  a  current  of  chlorine 
gas  is  passed  through  a  dilute  solution  of  potassic  ferrocyanide 
the  liquid  quickly  changes  colour  and  becomes  of  a  deep  red,  the 
reaction  which  occurs  being  the  following : 

2K,FeCy,  +  C],  =  K,Fe,Cy,,  +  aKQ. 

If  the  current  of  the  gas  be  arrested,  as  soon  as  the  liquid 
ceases  to  give  a  blue  precipitate  with  ferric  salts,  the  solution 
on  evaporation  yields  crystals  of  potassic  ferricyanide.  The 
ferricyanide  may  be  obtained  by  a  second  crystallization  in 
transparent,  anhydrous,  right  rhombic  prisms  of  a  beautiful  ruby- 
red  colour;  and  if  the  operation  be  performed  on  a  large  scale 
these  crystals  often  attain  a  large  size  :  they  are  soluble  in  about 
2*5  parts  of  cold  water  and  in  1*3  parts  of  boiling  water,  but  are 
insoluble  in  alcohol :  unlike  the  ferrocyanide,  it  is  very  poisonous. 
If  the  action  of  the  chlorine  be  too  long  continued,  the  red  salt 
is  in  its  turn  partially  decomposed,  and  a  green  compound  is 
formed  which  interferes  with  the  crystallization  of  the  red  salt. 
This  Prussian  green,  as  the  compound  is  termed,  according  to  the 
analysis  of  Pelouze,  may  be  represented  by  the  formula 
FeCy2,Fe2Cyg,40H2,  or  it  is  the  magnetic  cyanide  corresponding 
to  the  magnetic  oxide  of  iron,  FeO^FegOg ;  it  is  by  no  means 
certain,  however,  that  it  really  has  this  composition.  Potassic 
ferricyanide  is  prepared  on  the  large  scale  for  the  use  of  the  calico- 
printer,  generally  by  decomposing  the  solid  yellow  salt  by 
exposing  it  in  powder  to  the  action  of  a  current  of  chlorine.  It 
is  also  formed  by  the  action  of  most  oxidizing  agents  on  potassic 
ferrocyanide,  and  when  a  solution  of  the  latter  salt  is  decomposed 
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by  the  voltaic  current  in  a  diaphragm  cell^  potassic  ferricyanide 
makes  its  appearance  in  the  solution  at  the  positive  electrode. 

It  has  been  suggested  that  the  iron  in  the  ferrocyanides  is  in 
the  ferrous  state^  whilst  in  the  ferricyanides  it  is  in  the  ferric 
state :  according  to  this  supposition^  therefore^  the  action  of 
chlorine  on  potassic  ferrocyanide  not  only  removes  potassium,  but  at 
the  same  time  changes  the  iron  from  the  ferrous  to  the  ferric  state : 

2K,Fe"Cye  +   CI,  =  K,{Fe,y'Cj,,  +  2KCI. 

A  solution  of  potassic  ferricyanide  when  mixed  with  an  ex-' 
cess  of  potassic  hydrate  furnishes  a  liquid  possessed  of  consider- 
able oxidizing  power;  thus,  it  converts  the  hyd rated  protoxides 
of  manganese,  lead,  and  tin  into  peroxides  of  these  metals,  whilst 
the  ferricyanide  passes  into  the  condition  of  ferrocyanide  of 
potassium : 
KgFegCyig  +  Mn(0H)2  +  3KHO = 2K^YeCj,  +  MnO(OH)2  +  OH^. 

The  same  solution  is  employed  by  the  calico-printer  for  the  pur- 
pose of  discharging  the  blue  colour  of  indigo  from  calico  (Mercer). 
The  red  prussiate  burns  with  scintillation  when  introduced  into 
the  flame  of  a  candle.  Potassic  ferricyanide  produces  insoluble 
compounds  when  mixed  with  solutions  of  many  of  the  metallic 
salts,  and  as  the  colours  of  these  precipitates  are  often  cha- 
racteristic, this  salt  is  frequently  employed  in  the  laboratory  as  a 
qualitative  test  for  metals  in  neutral  or  feebly  acid  solutions.  It 
gives  no  precipitate  with  the  ferric  salts,  but  a  splendid  blue 
(Turnbull's  blue)  when  mixed  with  those  of  the  ferrous  salts ; 
with  salts  of  zinc  it  yields  an  orange  precipitate,  with  those  of 
cadmium  a  yellow,  with  nickel  a  yellowish-green,  with  cobalt  a 
dark  reddish-brown,  with  copper  a  yellowish-green,  with  man- 
ganous  salts  a  brown,  with  stannous  salts  a  white,  with  silver 
salts  an  orange,  and  with  mercurous  salts  a  brownish-red.  These 
precipitates,  with  the  exception  of  those  with  zinc  and  tin,  are 
insoluble  in  dilute  hydrochloric  acid.  Plumbic  ferricyanide 
separates  in  dark  reddish-brown  crystals  on  mixing  concentrated 
solutions  of  plumbic  nitrate  and  potassic  ferricyanide. 

The  following  table  exhibits  the  composition  of  a  few  ferri- 
cyanides : 

Potassic  ferricyanide KpFegCy^j 

Dipotassic  tetrasodic  ferricyanide*      .     .       K  Na^Fe^Cy^jj 


*  Eeindel  obtained  this  salt  on  allowing  a  solution  containing  potassic  ferri- 
cyanide and  sodic  nitrate  to  crystallize  {Journ.  pr.  Chem.,  cii.  43). 
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Sodic  ferricyanide NagFe^Cy^j 

Dipotassic  dibaric  ferricyanide  ....       K^BagFe^Cyj^ 

(i  1 18)  Hydroferricyanic  acid,  RgFe^Cy^g- — "^^^^  compound  may  be  obtained 
by  decomposing  plumbic  ferricyanide  suspended  in  water  with  an  equivalent 
quantity  of  dilute  sulphuric  acid.  On  filtering  from  the  plumbic  sulphate  and 
evaporating,  the  acid  forms  reddish-brown  deliquescent  crystals.  Schafarik,  by 
mixing  a  cold  saturated  aqueous  solution  of  potassic  ferricyanide  with  two  or  three 
times  its  bulk  of  fuming  hydrochloric  acid,  obtained  brownish-green  thin 
brilliant  needles,  which  he  believed  to  be  hydroferricyanic  acid ;  according 
to  Eeindel,  however,  they  can  never  be  obtained  free  from  potassium. 

(1119)  Prussian  Blue. — The  name  Prussian  blue  is  applied 
to  a  number  of  blue  substances^  some  of  which  are  largely  em- 
ployed in  the  arts  as  pigments  :  they  are  prepared  either  by  pre- 
cipitating a  solution  of  potassic  ferrocyanide  with  a  ferric  salt  or 
a  mixture  of  ferric  and  ferrous  salts,  by  the  addition  of  a  ferrous 
salt  to  a  solution  of  potassic  ferricyanide,  or  by  oxidizing  ferrous 
dipotassic  ferrocyanide. 

Whenever  a  solution  of  potassic  ferrocyanide  is  added  to  one  of 
a  soluble  ferric  salt  a  beautiful  blue  precipitate  is  produced,  which 
always  contains  potassium  even  if  a  large  excess  of  the  ferric  salt 
has  been  employed;  if,  however,  a  solution  of  hydroferrocyanic 
acid  be  mixed  with  an  excess  of  a  ferric  salt,  a  blue  precipitate 
is  obtained  free  from  potassium,  which  has  the  composition 
¥e^Cj^^,iSOE^  (Williamson). 

(1120)  Ferrous  Dipotassic  Ferrocyanide. — The  addition  of 
a  solution  of  a  ferrous  salt  to  one  of  potassic  ferrocyanide  pro- 
duces a  white  precipitate  of  ferrous  dipotassic  ferrocyanide  if 
access  of  air  be  entirely  prevented,  otherwise  it  has  a  greenish 
tint ;  this  appears  to  be  identical  with  Everitt's  white  salt  (p.  93) 
being  formed  by  the  displacement  of  half  the  potassium  in  the 
potassic  ferrocyanide  by  the  equivalent  quantity  of  iron,  thus  : 
K,FeCyg  +  Fe''Cl2=K,Fe''(FeCyg)  +  2KCl.  When  treated  with 
a  solution  of  potassic  hydrate  it  is  re-converted  into  potassic 
ferrocyanide  with  separation  of  ferrous  hydrate,  which  rapidly 
undergoes  oxidation :  K2Fe''(FeCyg)  +  3KOH  =  K^FeCyg  +  Fe(0H)2. 
When  potassic  ferrous  ferrocyanide  is  exposed  to  the  air, 
it  becomes  oxidized,  and  turns  blue,  forming  a  compound 
termed  Basic  Prussian  blue ;  a  strong  acid  removes  ferric  oxide 
from  this  basic  Prussian  blue,  leaving,  it  is  said,  Prussian 
blue. 

(1121)  DiFERRous  Dipotassic  Ferricyanide. — On  mixing 
solutions  containing  one  molecule  of  ferric  chloride  and  two 
molecules   of  potassic   ferrocyanide,  and  then  adding  alcohol,  a 
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magnificent  violet-blue  precipitate  is  obtained.  This,  the  so- 
called  soluble  Prussian  blue,  although  insoluble  in  saline  solutions, 
is  readily  soluble  in  pure  water.  After  being  dried  at  iio° 
(230°  F.),  however^  it  becomes  insoluble.  Diferrous  dipotassic 
ferricyanide,  or  soluble  Prussian  blue,  has  the  composition 
K2Fe/'(Fe2Cyj2),80H2,  (Reindel,  Journ.  pr.  Chem.,  cii.  38,  2^s)> 
and  is  formed  in  the  following  manner : 

3K,Fe"Cy.  +  (Fe.rCl,  =  K,¥e,"(Pe,rCj,,  +  4KCI. 

The  ferrocyanide  having  been  converted  into  a  ferricyanide  by 
the  oxidizing  action  of  the  ferric  chloride. 

Williamson  finds  that  Everitt's  white  salt  ferrous  dipotassic 
ferrocyanide,  K2Fe"(FeCyg),  when  treated  with  oxidizing  agents 
is  decomposed,  and  a  blue  salt  is  formed,  which  is  identical  with 
the  diferrous  dipotassic  ferricyanide  above  mentioned.  This  is 
best  effected  by  boiling  the  white  precipitate  with  nitric  acid, 
diluted  with  twenty  parts  of  water ;  as  the  liquid  approaches  the 
boiling  point  a  copious  evolution  of  nitric  oxide  occurs,  two 
molecules  of  the  white  salt  lose  two  atoms  of  potassium,  and 
ferrous  dipotassic  ferricyanide  is  formed.  Care  is  required  to  pre- 
vent the  action  of  the  acid  from  proceeding  too  far,  otherwise 
Pelouze^s  Prussian  green  is  apt  to  be  formed.  Diferrous  di- 
potassic ferricyanide,  when  treated  with  a  solution  of  potassic 
ferrocyanide,  is  reconverted  into  ferrous  dipotassic  ferrocyanide, 
and  pure  potassic  ferricyanide  is  obtained  in  solution,  provided 
the  blue  ferricyanide  has  been  employed  in  slight  excess : 

K,¥e-\(Fe,rCj^  +  aK.FeCy,  =  K,(Fe/'Cyi,  +  3K,Pe"FeCy,. 

The  pale  blue  residue  on  the  filter,  which  consists  of  ferrous 
dipotassic  ferrocyanide  mixed  with  the  excess  of  the  blue  salt,  may 
be  again  converted  into  the  latter  by  treatment  with  nitric  acid, 
and  in  this  way  be  used  repeatedly  for  converting  potassic  ferro- 
cyanide into  ferricyanide.  Similarly,  when  potassic  ferrocyanide 
is  added  to  a  solution  of  the  soluble  Prussian  blue,  the  white 
potassic  ferrous  ferrocyanide  is  precipitated,  whilst  potassic  ferri- 
cyanide remains  in  solution. 

According  to  Reindel,  the  addition  of  ferric  chloride  does  not 
cause  a  precipitate  in  a  solution  of  the  soluble  Prussian  blue ;  it 
must  be  observed,  however,  that  when  it  is  decomposed  by  an 
alkaline  hydrate  or  carbonate,  it  yields  potassic  ferrocyanide  and 
ferric  hydrate.     This  is  explained  by  supposing  that,  in  the  first 
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instance^  ferrous  hydrate  and  potassic  ferricyanide   are   formed, 
thus : 

K,Fe",(Fe,)"Cyi,  +  4KH0=K,(Fe,rCj,,  +  aFe"(OH),, 
and   that  the  ferrous  hydrate  in  the  presence  of  an  alkali  then 
reduces  the  ferricyanide  to  ferrocyanide  : 

(1122)  Triferrous  Ferricyanide, — The  precipitate  of  tri- 
ferrous  ferricyanide^  re3''(Fe2)'^'Cyj2,  obtained  on  adding  a  ferrous 
salt  to  a  solution  of  potassic  ferricyanide,  constitutes  a  highly 
valued  and  brilliant  variety  of  Prussian  blue,  commercially  known 
as  TurnbuH's  blue.  This  precipitate,  however,  unless  digested  for 
some  time  with  an  excess  of  a  ferrous  salt,  always  retains  potas- 
sium, probably  present  as  diferrous  dipotassic  ferricyanide, 
K2Fe3"(Fe2)^'Cyj2.  Triferrous  ferricyanide  is  also  obtained  by 
precipitating  a  solution  of  the  "  soluble  Prussian  blue"  with  a 
ferrous  salt  (Reindel,  loc.  cit.)  : 

K2Fe2-(Fe2)^^Cy,2  +  Fe-Cl2=Fe3-(Fe2)^^Cyi2  +  2KCL 
TurnbulFs  blue  may  be  distinguished  from  the  other  Prussian 
blues  by  the  action  of  a  solution  of  potassic  hydrate,  which 
decomposes  it,  yielding  potassic  ferrocyanide  and  hydrated 
magnetic  oxide  of  iron  or  ferroso-ferric  oxide,  whilst  the  other 
blues  when  similarly  treated  give  potassic  ferrocyanide  and  ferric 
oxide ;  the  formation  of  the  hydrated  ferroso-ferric  oxide  may  be 
explained  by  the  following  equations : 

Fe3-(Fe2)-Cy,2   +    6KH0  =   K,(Fe2)^^Cy,2    +   3Fe''(OH)2; 

K,(Fe2r^Cy,2  +  2Fe(OH)2  +  2KHO  =  2K,Fe-Cyg  +  Fe2(0H)g; 

Fe(0H)2   +  Fe2(0H)g  =  OH2  +  Fe30(0H)g  or  Fe30„30H2. 

Commercial  Prussian  blue. — When  large  quantities  of  Prussian  blue  are 
required,  Liebig  recommends  that  11  parts  of  crystallized  ferrous  sulphate  be 
dissolved  in  water,  and  divided  into  two  equal  portions ;  one  part  is  then 
to  be  mixed  with  2  parts  of  hydrochloric  acid,  and  chloride  of  lime  gradually 
added  until  the  whole  of  the  ferrous  salt  is  converted  into  a  ferric  salt ;  it  is  then 
to  be  mixed  with  the  other  portion  of  the  solution,  and  a  solution  of  10  parts  of 
potassic  ferrocyanide  is  to  be  added.  Prussian  blue,  however,  is  also  manufac- 
tured on  the  large  scale  by  oxidizing  the  precipitate  of  ferrous  dipotassic  ferro- 
cyanide produced  by  adding  ferrous  sulphate  to  a  solution  of  potassic  ferrocyanide. 
Commercial  Prussian  blue  is  generally  contaminated  with  alumina,  and  some- 
times with  chalk,  plaster  of  Paris,  and  starch ;  it  is  met  with  in  cubical  or  irre- 
gular masses  of  a  dark  blue  colour,  which  when  pressed  with  a  hard  body, 
acquire  a  coppery  lustre  resembling  that  of  indigo. 

From  the  manner  in  which  it  is  prepared  it  is  evident  that  it  must  be  a  mix- 
ture, containing  variable  proportions  of  the  violet-blue  compound,  diferrous 
dipotassic  ferricyanide,  ^^^\{J^Q^j^^t  and  of  TurnbuU's  blue  or  triferrous  fer- 
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ricyanide,  'Fe"^{¥e_fiy^^).  It  is  a  noteworthy  fact,  moreover,  that  there  ia  a  cer- 
tain relation  between  the  tint  of  the  blue  prepared  by  the  ordinary  methods  and 
the  amount  of  potassium  in  it.  This  can  be  easily  understood  when  it  is 
remembered  that  the  potassium  is  present  as  diferrous  dipotassic  fer ricyanide, 
which  has  a  violet-blue  colour,  whilst  the  triferrous  ferricyanide  is  a  pure  bright 
blue ;  so  that  the  tint  of  the  product  inclines  more  or  less  to  violet  according  to 
the  relative  proportions  of  the  two  compounds  contained  in  the  mixture. 

Prussian  blue  is  insoluble  in  water  and  in  weak  acids,  and  has  neither  taste 
nor  smell.  After  it  has  been  washed  with  dilute  hydrochloric  acid,  it  may,  how- 
ever, be  rendered  soluble  by  triturating  it  with  one-sixth  of  its  weight  of  crystal- 
lized oxalic  acid.  When  this  solution  is  diluted  with  forty  or  fifty  parts  of  water, 
it  forms  a  blue  liquid,  which  is  used  as  a  writing  ink.  Prussian  blue  is  also  soluble 
in  a  cold  solution  of  ammonium  tartrate,  forming  a  violet-coloured  liquid.  Con- 
centrated sulphuric  acid  produces  a  white  pasty  mass  when  triturated  with 
Prussian  blue,  but  on  the  addition  of  water  sulphuric  acid  is  separated,  and  the 
blue  pigment  is  reproduced.  Prussian  blue  is  decomposed  when  heated  with 
concentrated  sulphuric,  nitric,  or  hydrochloric  acid  ;  it  is  also  decomposed  by 
the  action  of  chlorine.  When  boiled  with  mercuric  oxide,  mercuric  cyanide  is 
produced  and  ferric  oxide  is  separated. 

Prussian  blue  contains  water,  which  cannot  be  expelled  by  heat  without 
decomposing  the  compound.  If  heated  in  the  open  air  it  becomes  kindled  on 
the  approach  of  an  ignited  body,  and  burns  like  tinder,  leaving  a  residue 
of  ferric  oxide. 

(1123)  NiTROPRUssiDES. — The  nitroprussides  were  originally 
procured  by  the  following  process,  recommended  by  Playfair, 
by  whom  these  salts  were  discovered  (Fhil.  Trans.,  i849_,  p.  481)  : 

Common  nitric  acid  is  to  be  diluted  with  an  equal  bulk  of  water,  and  when 
cold,  powdered  potassic  ferrocyanide  is  to  be  added  in  the  proportion  of  2  mole- 
cules or  422  parts  of  the  ferrocyanide  to  5  molecules  or  315  parts  of  the  acid, 
HNO  .  The  mixture  gradually  assumes  a  brown  colour,  cyanogen  and  hydro- 
cyanic acid  are  liberated,  whilst  a  brisk  effervescence  occurs,  owing  to  the  escape 
of  carbonic  anhydride  and  nitrogen,  and  the  salt  is  dissolved,  forming  a  mixture 
of  potassic  ferricyanide,  nitroprusside,  and  nitrate :  the  solution  should  now  be 
heated  by  means  of  a  water-bath,  until  gas  ceases  to  be  evolved,  and  the  liquid, 
instead  of  giving  a  blue  precipitate  with  a  ferrous  salt,  produces  a  dark  green  or 
slate- coloured  precipitate.  It  must  then  be  allowed  to  cool,  by  which  means  a 
large  quantity  of  potassic  nitrate,  mixed  with  a  small  proportion  of  cxamide,  will 
be  separated.  The  strongly-coloured  mother-liquor  should  next  be  neutralized 
with  potassic  or  sodic  carbonate,  which  causes  a  greenis'h-brown  precipitate,  and 
the  liquid,  after  filtration,  evaporated  and  allowed  to  crystallize.  Sodic  nitro- 
prusside crystallizes  more  readily  than  the  potassic  salt  which,  although  anhy- 
drous, is  somewhat  deliquescent. 

Hadow  {Journ,  Chem.  Soc,  1866,  341)  greatly  improved  this 
process  by  mixing  a  solution  of  potassic  ferricyanide  with  one  of 
mercuric  chloride,  acidulatiDg  with  acetic  acid,  and  then  adding 
a  definite  quantity  of  sodic  nitrite.  According  to  Staedeler, 
however  {Zeits.  Chem.,  1869,  559),  the  presence  of  mercuric 
chloride  is  not  necessary,  for  he  finds  that  the  nitroprusside  is 
produced  even  more  readily  when  a  solution  of  potassic   ferri- 
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cyanide   and  potassic  nitrite  is  acidulated  with  a  dilute  mineral 

acid,  the  reaction  being  : 

KeFe^Cy,,  +   2KNO,  +  4HCI  =  K,Fe,(NO),Cy,„  +  4KCI  +  2OH,  +  Cy,. 

Potassic  ferricyanide.  Potassic  nitroprasside. 

(1124)  Composition  of  the  Nitroprussldes. — Hadow  assigned  to  these  com- 
pounds the  formula  M^Fe.^N203Cy^^,,  as  he  found  that  nitrous  anhydride,  N^Og, 
converted  hydroferricyanic  acid  into  hydronitroprussic  acid,  whilst  nitric  oxide  did 
not ;  the  more  recent  researches  of  Staedeler,  however,  tend  to  prove  that  their 
formula  is  that  proposed  by  Geihardt,  or  rather  double  that  formula— namely, 
M,Fe,(NO),Cy,,. 

(i  1 25)  Hydronitroprussic  acid  ;  Tl^Qj^Q^^Qy^^. — This  acid  is  formed  when 
the  vapour  of  nitrous  anhydride  is  passed  into  an  aqueous  solution  of  hydro- 
ferricyanic acid,  cyanogen  being  evolved : 

Hc^e.Cy,,    +    2NO.OH   -   H,Fe,(NO),Cy,„    +   Cy,    +    2OH,. 

An  aqueous  solution  of  the  acid  may  be  prepared  by  decomposing  argentic  nitro- 
prusside  with  dilute  hydrochloric  acid.  The  solution  yields  dark  red  deliquescent 
crystals  of  the  formula,  H^Fe2(NO)2Cy^(j,  2OH2,  by  evaporation  in  vacuo. 

(11 26)  Sodic  Nitroprusside ;  ^?i^^Q^{'^0)fY^^,  4OH2. — This  salt  crystal- 
lizes in  fine  prisms  of  a  ruby-red  colour,  which  require  about  2*5  parts  of  cold 
water  for  solution.  Its  solution  is  decomposed  by  exposure  to  the  sun's  rays, 
Prussian  blue  being  deposited,  while  nitric  oxide  escapes.  Baric  nitroprusside, 
'Rdi,^Qj^O)f^y^^,  6OH2,  crystallizes  in  fine  octahedra  of  a  dark  red  colour. 

The  nitroprussldes  give  a  pale  green  precipitate  with  salts  of  copper,  and  a 
flesh-coloured  precipitate  with  those  of  silver.  With  salts  of  zinc  a  salmon- 
coloured  precipitate  is  produced ;  with  salts  of  nickel,  a  dirty  white  j  with  salts  of 
cobalt,  a  flesh-coloured  precipitate  ;  and  with  ferrous  salts,  a  salmon-coloured  pre- 
cipitate is  formed.  The  ferric  salts,  and  the  salts  of  lead,  of  mercury,  and  of  tin, 
give  no  precipitates  with  the  nitroprussldes.  Chlorine  is  without  effect  upon 
solutions  of  the  nitroprussldes ;  but  they  are  decomposed  when  boiled  with  the 
alkalies,  part  of  the  iron  being  separated  as  a  crystalline  hydrated  ferric  oxide, 
while  the  solution  becomes  orange-coloured,  and  is  found  to  contain  a  nitrite 
and  a  ferrocyanlde.  They  are  also  decomposed  by  boiling  sulphuric  acid.  If 
their  solutions  be  boiled  with  mercuric  oxide,  nitric  oxide  is  evolved,  and  mer- 
curic cyanide  is  formed.  Sulphuretted  hydrogen  also  decomposes  them.  The 
most  delicate  and  characteristic  test  for  the  nitroprussldes  is  the  production  of  a 
magnificent  purple  colour  when  mixed  with  solutions  of  the  alkaline  monosul- 
phides,  such  as  K^S  or  KHS.  This  coloration  is  very  intense,  and  may  be 
employed  to  indicate  very  minute  traces  either  of  a  soluble  sulphide  or  of  a  nitro- 
prusside.  The  colour,  however,  speedily  disappears  if  any  of  the  polysulphides 
are  present.  It  appears  to  be  due  to  the  formation  of  a  double  salt  of  the  nitro- 
prusside  with  the  sulphide  of  the  alkali-metal.  By  boiling  the  liquid,  nitrosul- 
phide  of  iron  and  of  the  alkali-  metal  is  obtained. 

(1127)    COBALTOCYANIDES     AND    CoBALTICYANIDES. When    pO- 

tassic  cyanide  is  added  to  a  salt  of  cobalt,  it  gives  a  reddish- 
brown  precipitate,  CoCyg,  which  is  soluble  in  an  excess  of  the 
precipitant.  The  double  cyanide  of  cobalt  and  potassium, 
potassic  cohaltocyanide,  4KCy,CoCy2  or  K^CoCyg,  thus  formed 
may  be  precipitated  in  the  crystalline  state  by  adding  alcohol  to 
the  solution.     It  is  decomposed  on  the  addition  of  hydrochloric 
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acid,  cobaltous  cyanide  being  precipitated  ;  but  if  it  be  heated  or 
exposed  to  tbe  air  potassic  cobalticyanide  is  produced,  wbich 
corresponds  in  composition  to  potassic  ferricyanide. 

Potassic  Cobalticyanide  ;  KgCo^Cjjg. — This  salt,  whicli  was  discovered  by 
Gmelin,  crystallizes  in  yellowish  anhydrous  flattened  prisms,  isomorphous  with 
those  of  potassic  ferricyanide ;  it  is  sparingly  soluble  in  water.  It  may  be 
obtained  either  by  dissolving  cobaltous  cyanide  in  an  excess  of  potassic  cyanide, 
and  exposing  it  to  the  air,  or  by  dissolving  hydrated  cobaltous  oxide  by  the  aid 
of  a  gentle  heat  in  a  solution  of  potassic  hydrate,  supersaturated  with  hydro- 
cyanic acid  J  in  both  cases  oxygen  is  absorbed  : 

4CoCy,   +    i2KCy   +    4HCy   +    0,   =    ^-Kfiof^y^^   +    20H^. 
If  the  solutions  be  boiled  in  closed  vessels  the  same  compound  is  formed,  but 
hydrogen  is  evolved : 

2CoCy,   +    8KCy   +    OH,  =    K^Co.Cy,,   +    2KOH    +    H,. 

The  corresponding  salt  of  sodium,  '^\Cofiy^^,  4OH2,  crystallizes  in  long, 
transparent,  colourless  needles ;  that  of  barium,  BagCo^Cy^g,  20OH2,  in  efliores- 
cent  prisms.  The  latter  may  be  obtained  by  treating  a  mixture  of  cobaltous 
sulphate  and  baric  carbonate  with  hydrocyanic  acid.  Other  soluble  cobal- 
ticyanides  may  be  conveniently  prepared  from  the  baric  salt  by  double  decomposi- 
tion with  the  respective  sulphates.  Solutions  of  cobalticyanides  occasion  precipi- 
tates with  a  large  number  of  metallic  salts.  Cobalticyanide  of  zinc  is  white  ;  that 
of  nickel  is  gelatinous,  and  of  a  pale  blue ;  that  of  cobalt  is  of  a  pale  red ;  that 
of  copper  of  a  pale  blue  ;  the  ferrous,  manganous,  and  stannous,  as  well  as  mer- 
curous  and  argentic  cobalticyanides,  are  white ;  salts  of  lead  give  no  precipitate 
with  the  soluble  cobalticyanides. 

Htdeocobalticyanic  Acid  ;  HgCOgCy^^,  ^OH^,  crystallizes  in  colourless 
needles  from  its  aqueous  solution,  which  may  be  obtained  by  decomposing  cupric 
cobalticyanide  suspended  in  water,  by  sulphuretted  hydrogen.  It  may  also  be  pre- 
pared by  adding  sulphuric  acid  and  then  alcohol  to  a  concentrated  solution  of  potassic 
cobalticyanide,  filtering  from  the  precipitated  potassic  sulphate,  and  evaporating. 

(11 28)  Mangangcyanides  AND  Manganicyanides. — Fotaesic  mangano- 
cyanide,  K^MnCyg,  sOH,,  isomorphous  with  the  corresponding  iron  compound,  is 
prepared  by  digesting  manganous  carbonate  with  a  concentrated  solution  of 
potassic  cyanide,  or  by  adding  potassic  cyanide  to  a  solution  of  manganous  acetate, 
until  the  green  precipitate,  KCy,MnCy2,  at  first  formed,  is  re-dissolved,  and  then 
precipitating  the  manganocyanide  with  alcohol.  It  crystallizes  in  square  plates 
of  a  deep  violet  colour,  which  dissolve  readily  in  water,  forming  a  colourless 
solution ;  after  a  time,  however,  this  decomposes,  depositing  the  green  compound, 
KCyjMnCy^.  Sodic  manganocyanide  crystallizes  in  transparent  octahedra  of  an 
amethyst  colour.  Potassic  manganicyanide,  K^Mn^Cy^g,  crystallizes  in  reddish- 
brown  prisms,  isomorphous  with  the  ferricyanide,  and  is  produced  when  a  solu- 
tion of  the  manganocyanide  is  heated  or  exposed  to  the  air. 

(11 29)  Cheomicyanides. — Chromic  salts  yield  with  potassic  cyanide  a  pale 
bluish-grey  precipitate,  Cr^Cy^,  which  is  not  soluble  in  excess  of  the  potassic 
cyanide  ;  but  if  a  mixture  of  hydrated  chromic  oxide  with  a  solution  of  potassic 
hydrate  and  an  excess  of  hydrocyanic  acid,  be  exposed  to  the  air,  the  liquid 
acquires  a  reddish-brown  colour,  and  a  potassic  chromicyanide  is  formed  (Beck- 
mannj,  corresponding  to  the  ferricyanides  and  cobalticyanides.  These  salts  are 
of  small  importance,  and  have  been  but  little  examined.  Potassic  cTiromi cyanide, 
KgCr^Cyj.^,  forms  brownish-red  anhydrous  prisms;  its  solution  precipitates  argen- 
tic nitrate,  white ;  salts  of  cobalt,  blue ;  and  ferrous  salts  of  a  brick-red ;  but  it 
gives  no  precipitate  with  ferric  salts,  or  with  plumbic  nitrate. 
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(1130)  OsMiocTANiDES  AND  KuTHENiocYANiDES. — These  compounds 
correspond  in  composition  with  the  ferrocyanides,  and  the  potassic  salts  of  all 
three  are  isomorphoiis.  The  precipitates  they  form  when  mixed  with  salts  of 
copper,  iron,  zinc,  and  lead,  closely  resemble  those  obtained  with  the  ferrocyanides. 

Potassic  osmiocyanide,  K^OsCyg,  sOH^,  is  easily  prepared  by  treating 
potassic  osmate  with  potassic  cyanide,  evaporating  to  dryness,  and  gently  ignit- 
ing. On  dissolving  the  calcined  mass  in  a  small  quantity  of  hot  water  a  solution 
is  obtained  which  deposits  the  salt  in  large  crystals  on  cooling.  Sydroosmiocy- 
anic  acid,  H^OsCyg,  is  obtained  in  the  crystalline  state  on  adding  hydrochloric 
acid  to  a  concentrated  solution  of  the  potassic  salt. 

(1131)  Platinocyanides. — Gmelin  ascertained  that  platinum 
is  capable  of  entering  into  combination  with  cyanogen,  and  form- 
ing a  series  of  double  cyanides^  which  are  amongst  the  most 
beautiful  crystalline  substances  known;  these  compounds,  however, 
are  not  analogous  in  composition  to  the  foregoing,  as  may  be  seen 
from  an  inspection  of  the  following  formulae  : 

Hydroplatinocyanic  acid     ....     HgPtCy^. 
Potassic  platinocyanide        ....      KgPtCy^,  3OH3. 

Potassic  platinocyanide  is  best  formed  by  dissolving  platinous 
chloride  in  a  solution  of  potassic  cyanide,  and  evaporating  the 
liquid  until  the  salt  crystallizes  out  on  cooling  : 

PtClg   +    4KCy   =    KgPtCy^    -f    2KCI. 

It  may  also  be  obtained  by  fusing  potassic  ferrocyanide  with 
spongy  platinum,  or  by  heating  a  concentrated  solution  of 
platinic  chloride  with  an  excess  of  potassic  cyanide  : 

PtCl,   4-   6KCy   =  KgPtCy^  +  4KCI    +   C^N^. 

This  beautiful  salt  forms  long  transparent  rhombic  prisms, 
containing  3OH3,  which  are  yellow  by  transmitted,  and  blue  by 
reflected  light ;  it  is  very  soluble  in  water,  but  more  sparingly  so 
in  alcohol  and  in  ether.  Magnesic  platinocyanide,  MgPtCy^,70H2, 
is  a  beautiful  salt  which  crystallizes  in  rosettes  from  its  solution 
in  a  mixture  of  alcohol  and  ether  :  these  crystals  form  square 
prisms,  which  are  of  a  rich  crimson  by  transmitted  light,  and 
green  or  blue  by  reflected  light ;  they  are  very  soluble  in  water, 
and  the  solution  is  colourless. 

The  changes  of  colour  which  this  salt  experiences  by  change  in  its  condition 
of  hydration  are  very  remarkable.  The  ordinary  red  salt  with  yOH^  when 
gently  war raed,  even  under  water,  becomes  yellow,  and  if  crystallized  at  71° 
(160°  F.)  yellow  crystals  with  60K^  are  deposited.  At  too*  (212°  F.)  the  salt 
still  retains  2OH2  when  it  is  white,  and  between  150°  and  200°  (30b"  and 
400°  F.)  it  becomes  anhydrous,  and  is  then  yellow.  These  singular  changes 
of  colour  may  be  strikingly  displayed  by  allowing  a  strong  solution  of  the  salt 
to  evaporate  on  a  sheet  of  white  paper.  When  dry  a  crimson  surface  is  obtained, 
but  a  drop  of  water  upon  any  point  destroys  the  colour  at  that  spot  instantly  j 
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on  drying  it  again  reappears.  When  heated,  the  red  salt  first  becomes  yellow ; 
as  the  temperature  rises  it  is  rendered  white  ;  and  by  a  somewhat  stronger  heat 
it  again  becomes  yellow.  By  breathing  on  the  paper,  the  salt  resumes  the  water 
that  it  had  lost,  the  yellow  spot  becoming  successively  white,  yellow,  and  eventu- 
ally crimson  (Hadow). 

Hydroplatinocyanic  Acid,  HgPtCy^,  crystallizes  from  its 
aqueous  solution  with  5OH3  in  deep  red  prisms  having  a  bluish 
black  fluorescence.  It  may  be  obtained  by  decomposing  the 
mercurous,  cupric,  or  argentic  salt  suspended  in  water  by  sul- 
phuretted hydrogen,  and  evaporating  the  solution. 

The  most  characteristic  tests  of  the  platinocyanides  are  the 
formation  of  a  beautiful  smalt-blue  precipitate  when  a  platino- 
cyanide  is  added  to  a  solution  of  mercurous  nitrate  in  excess, 
and  a  flocculent  blue  precipitate  with  cupric  salts :  with  argentic 
nitrate  it  yields  a  white  precipitate.  The  platinocyanides  are 
remarkable  for  their  strong  tendency  to  form  double  salts;  amongst 
others  a  very  beautiful  double  salt  of  potassium  and  magnesium, 
MgPtCy4,K2PtGy4,70H2,  may  be  obtained. 

(1132)  Platinicyanides. — There  is  another  very  beautiful  series  of  salts, 
commonly  termed  the  platinicyanides,  which  are  produced  by  the  action  of  oxi- 
dizing agents,  such  as  chlorine,  bromine,  nitric  acid,  &c.,  on  the  platinocyanides ; 
they  crystallize  in  prisms  of  a  coppery  lustre  when  viewed  by  reflected  light,  but 
they  appear  to  be  green  by  transmitted  light,  and  polarize  light  powerfully ;  their 
solutions,  however,  are  colourless.  These  salts,  when  dissolved  in  water,  produce 
a  white  precipitate  with  argentic  and  mercuric  salts,  a  blue  with  the  mercurous 
salts,  and  a  greenish-blue  with  the  cupric  salts.  The  platinicyanides  have  been 
carefully  examined  by  Hadow,  who  has  shown  that  the  usually  received  formula, 
MgPtCyg,  is  erroneous,  and  that  they  are  more  complicated  in  structure.  The 
salt  formerly  known  as  potassic  platinicyanide  is  really  a  double  salt  of  potassic 
platinocyanide  and  platinichlorocyanide : 

K,.Pt,Cy,A,  21OH,    =    5K,PtCy,,K,PtCyA.  21OH,. 

Salts  exist,  moreover,  which  correspond  in  appearance  with  this,  containing  in  place 
of  the  two  atoms  of  chlorine,  either  Br^,  or  NO3,  or  SO^.  In  order  to  prepare  these 
compounds  in  a  state  of  purity,  Hadow  {J.  CJiem.  Soe.,  xiii.  106)  mixes  the 
platinocyanide  with  the  platinichlorocyanide,  or  one  of  the  corresponding  com- 
pounds, in  the  ratio  of  5  molecules  of  the  former  with  i  molecule  of  the  latter  ; 
if  the  solution  be  of  a  proper  degree  of  concentration  the  pure  salt  separates  after 
a  time. 

Potassic  platinocyanide  unites  with  iodine,  forming  potassic  platini-iodo- 
cyanide,  K^PtCy  J^j  from  which,  by  treatment  with  chlorine  or  bromine,  the 
corresponding  bromo-  and  chloro-platinicyanide  are  readily  obtained  in  a  state  of 
purity.  The  corresponding  hydrogen  compounds  are  produced  by  decomposing 
the  baric  salts  with  dilute  sulphuric  acid.  Hydric  platinihromocyanide,  or 
hydroplatinibromocyanic  acid,  thus  prepared,  crystallizes  in  long  yellow  needles ; 
it  is  a  strong  acid,  which  readily  dissolves  metallic  zinc,  and  forms  zincic  platini- 
bromocyanide  (Biomstrand,  Jowrw.  _;?r.  Chem.  [2],  iii.  207). 

(1^33)  Palladiocyanides. — When  a  solution  of  a  salt  of  palladium  is 
mixed  with  one  of  mercuric  cyanide,  a  yellowish-white  precipitate  of  palladious 
cyanide  is  formed;  this  precipitate  is  not  decomposed  by  acids,  but  may  be  dis- 
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solved  by  means  of  potassic  cyanide,  with  which  it  forms  a  double  salt,  crystal- 
lizing in  colourless  rhomboidal  prisms,  K^PdCj^^,  sOH^.  The  palladiocyanides 
are  isomorphous  with  the  corresponding  platinocyanides. 

(1134)  Khodicyanides  and  Ieidicyanides. — Both  rhodium  and  iridium 
yield  double  cyanides  analogous  to  the  ferricyanides,  but  potassic  rhodicyanide 
i^  decomposed  by  acetic  acid,  with  separation  of  the  insoluble  rhodic  cyanide. 
This  reaction  may  be  employed  in  the  separation  of  rhodium  from  iridium, 
since  acetic  acid  does  not  decompose  the  iridium  salt. 

Potassic  iridicyanide,  Kglr^Cy^^  (Claus),  forms  four-sided  colourless  crystals, 
and  is  characterized  by  giving  a  deep  indigo -blue  precipitate  with  the  cupric 
salts,  and  a  bright  yellow  with  the  ferric  salts. 

It  appears  from  the  foregoing  statements,  that  cyanogen  has 
a  strong  tendency  to  produ'ce,  with  several  of  the  metals,  electro- 
negative compounds,  which  form  with  hydrogen  a  series  of  well- 
marked  acids  :  the  number  of  atoms  of  metal  which  are  thus 
united  with  the  cyanogen  to  constitute  the  radicles  of  these  acids, 
varying  with  the  nature  of  the  metal.  These  acids  may  be  divided 
into  classes,  according  to  the  number  of  hydrogen  atoms  displace- 
able  by  metals  which  they  contain.  The  composition  of  the 
potassium  salts  of  the  different  classes  is  exhibited  in  the  following 
table  : 
.    . ,  ,     .    [Auricyanide      .      .      .     KAu'^'Cy^. 

(Aurichlorocyanide      .     KAu'^'CygClg. 

/Platinocyanide       .      .      KgPf'Cy^,  3OH2. 
Acid:  dibasic        J  Platinichlorocyanide  .      KgPt^Ty^Clc,,  aOHg. 
[Palladiocyanide     .      .      KgPd'^Cy^,  3OH2. 

'Ferrocyanide    .      .  .  K^Fe'^Cyg,  3OH2. 

Manganonyanide  .  .  K^Mn'^Cyg,  3OH2. 

Osmiocyanide  .      .  .  K^Os'^Cyg,  3OH3. 

Rutheniocyanide  .  .  K^Ru^'Cyg,  3OH2. 

Ferricyanide  .  .  .  ILI^q^'^Cj^^. 
Cobalticyanide  .  .  Kg^COgj^^Cy^g. 
Manganicyanide    .      .      Kg(Mn.2)'^Cy. 


Acid :  tetrabasic 


Acid :  hexabasic    \ 
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Chromicyanide      .      .      Kg(Cr2)^'Cyj3. 

Iridicyanide     .      .      .      lL^[lr^)'^Cy^^. 

I  Rhodicyanide  .      .      .      Kg(Ro2)^^Cyi2. 

(1135)  Chlorides  of  Cyanogen. —  Chlorine  forms  with 
cyanogen  two  polymeric  compounds,  both  of  which  are  extremely 
poisonous  :  one  is  liquid,  the  other  is  solid. 

Cyanic  Chloride  or  Liquid  Chloride  of  Cyanogen,  CNCl  or  CyCl  — 
6i'5.— This  compound  is  prepared  bypassing  a  rapid  current  of  chlorine  through 
a  mixture  of  i  part  of  anhydrous  hydrocyanic  acid  with  5  parts  of  water,  cooled 
by  a  mixture  of  ice  and  salt,  until  the  liquid  turns  green  ;  the  oily  layer  which 
forms  at  the  bottom  of  the  retort  is  carefully  separated  from  the  water,  and 
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agitated  in  a  freezing  mixture  with  small  portions  of  mercuric  oxide,  to  remove 
the  excess  of  chlorine  and  hydrocyanic  acid,  after  which  it  is  rectified  from  calcic 
chloride  (Gautier,  Bull.  Soc.  Chem.,  v.  403).  A  very  mobile  colourless  liquid, 
with  an  excessively  irritating  odour,  is  thus  obtained,  which  boils  at  12-6° 
(54-7°  F.) ;  when  cooled  to  7°  (i9'4°  F.)  it  is  converted  into. a  crystalline  mass. 

The  gaseous  chloride  of  cyanogen  obtained  by  passing  a  current  of  chlorine 
into  a  retort  containing  a  mixture  of  powdered  mercuric  cyanide  and  water  cooled 
to  0°  (32°  F.)  by  immersion  in  ice,  and  subsequently  heating  the  solution,  is 
merely  the  vapour  of  the  liquid  chloride,  which  may  easily  be  condensed  by  a 
Buitable  refrigerating  mixture.  It  dissolves  freely  in  alcohol  and  ether, — less 
readily  in  water. 

Cyanueic  Chloeide  or  Solid  Chloride  of  Cyanogen,  Q^^Q\^=  184-5. — 
The  vapour  of  this  compound  is  three  times  as  dense  as  that  of  the  liquid 
chloride.  It  may  be  prepared  by  decomposing  concentrated  hydrocyanic  acid 
by  exposing  it  in  a  glass  vessel  with  an  excess  of  dry  chlorine  to  the  direct  rays 
of  the  sun,  or  by  passing  a  gentle  current  of  chlorine  into  a  solution  of  i  part  of 
hydrocyanic  acid  in  4  of  dry  ether.  It  is  also  formed  when  cyanuric  acid  is 
distilled  with  phosphoric  pentachloride.  Cj'anuric  chloride  crystallizes  in  white 
needles ;  it  is  but  spai-ingly  soluble  in  water,  although  it  is  freely  taken  up  by 
alcohol  and  ether. 

(i  136)  Beomides  of  Cyanogen. —  Cyanic  Bromide,  CNBr  or  CyBr  =  106, 
may  be  prepared  by  distilling  a  mixture  of  bromine  and  mercuric  cyanide,  or  by 
passing  bromine  vapour  into  a  mixture  of  i  part  of  hydrocyanic  acid  with  4  of  water. 
It  is  very  volatile,  and  sublimes  readily  in  glistening  colourless  needles.  Its  vapour, 
like  that  of  the  chloride,  is  very  pungent,  exciting  a  copious  flow  of  tears.  When 
heated  to  130° — 140°  (266°— 284°  F.)  for  six  or  eight  hours,  either  alone  or 
dissolved  in  anhydrous  ether,  it  is  converted  into  the  polymeric  modification 
CgNgBr^,  corresponding  to  the  solid  cyanuric  chloride.  Cyanuric  bromide  is 
insoluble  in  alcohol  and  benzene,  and  nearly  insoluble  in  ether ;  it  melts  at 
above  300°  (572°  F.),  and  boils  at  a  still  higher  temperature. 

Cyanic  Iodide  or  Iodide  of  Cyanogen,  CNI  or  Cyl=i53,  crystallizes 
in  long  colourless  needles,  which  are  readily  volatile.  It  may  be  prepared  by 
gently  heating  a  mixture  of  iodine  and  mercuric  cyanide,  or  by  adding  iodine  to 
a  concentrated  solution  of  potassic  cyanide  in  equal  molecular  weights,  extracting 
the  cyanic  iodide  by  agitation  with  ether,  evaporating  the  ethereal  solution,  and 
subliming. 

(1137)  Cyanic  Acid  or  Hydric  Cyanate  :  HCNO  =  43. — 
Cyanic  acid  may  be  prepared  by  distilling  the  polymeric  body, 
cyanuric  acid,  H3C3N3O3  (1145),  i  molecule  of  which  contains 
exactly  the  same  elements  as  3  molecules  of  cyanic  acid.  When 
this  compound  is  sealed  up  in  a  bent  glass  tube,  one  limb  of  which 
is  kept  cool  whilst  heat  is  applied  to  the  cyanuric  acid  in  the 
other  limb,  a  limpid,  colourless  liquid  distils  over  and  is  con- 
densed. The  cyanuric  acid  is  thus  wholly  converted  into  pure 
cyanic  acid. 

Cyanic  acid  has  an  extremely  pungent  odour,  and  is  very 
volatile ;  its  vapour  attacks  the  eyes  powerfully,  and  when  liquid 
it  acts  as  a  powerful  caustic  if  dropped  upon  the  skin.  It  is, 
however,  impossible  to  preserve  this  compound,  for  in  the  course 
of  a  few  hours  it  changes  spontaneously,  with  development  of  heat. 
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into  a  white  enamel-like  mass,  which  is  permanent  in  the  air  and 
insoluble  in  water ;  to  this  body  the  name  of  cyamelid  has  been 
given  j  it  has  the  same  centesimal  composition  as  cyanuric  and 
cyanic  acids,  with  which  it  is  polymeric. 

Cyamelid  may  also  be  obtained  by  triturating  potassio  cyanate  with  crystal- 
lized oxalic  or  tartaric  acid,  and  washing  out  the  soluble  salt  of  potassium.  It 
may  be  reconverted  by  heat  into  cyanic  acid  ;  if  boiled  with  a  solution  of  potassic 
hydrate  it  gradually  forms  potassic  cyanurate ;  sulphuric  acid  decomposes  it  with 
evolution  of  carbonic  anhydride,  whilst  ammonic  sulphate  is  produced. 

A  solution  of  cyanic  acid  in  water  quickly  decomposes  into 
ammonic  carbonate  and  urea,  CONgH^ : 

HCNO  +  OH2  =  CO3  +  NH3;  and  HCNO  +  NH3  =:  CON^H^. 

(1138)  Potassic  Cyanate,  KCN0  =  8i'i. — If  cyanogen  gas 
be  passed  into  an  alkaline  solution,  a  change  ensues  somewhat 
analogous  to  that  which  occurs  under  similar  circumstances  with 
chlorine,  cyanide  and  cyanate  of  the  metal  being  produced : 
C^Ng  +  aKHOrrrKCN  +  KCNO-fOHg.  If  potassic  carbonate  be 
heated  in  cyanogen  gas,  a  mixture  of  potassic  cyanide  and 
cyanate  is  formed,  whilst  carbonic  anhydride  is  set  free  : 

K2CO3  -f  C2N2  =  KCN  +  KCNO  +  COg. 

Potassic  cyanate,  however,  is  more  readily  prepared  by  fusing 
potassic  cyanide  in  a  crucible,  and  adding  litharge  (plumbic  oxide) 
in  small  quantities,  until  the  Oxide  ceases  to  be  decomposed : 
KCN  +  PbO  =  KCNO  +  Pb.  The  cyanate  is  easily  separated  from 
the  reduced  lead  and  the  excess  of  plumbic  oxide,  which,  from 
their  superior  density,  sink  through  the  melted  mass  to  the 
bottom.  The  cyanate  may  be  purified  by  solution  in  boiling 
alcohol,  from  which  it  crystallizes  on  cooling  in  deliquescent 
plates.  Another,  but  less  productive,  method  of  preparing  potassic 
cyanate  consists  in  heating  an  intimate  mixture  of  2  parts  of 
thoroughly  dried  potassic  ferrocyanide  with  i  part  of  finely 
powdered  anhydrous  black  oxide  of  manganese  :  the  mixture  is 
placed  upon  a  sheet-iron  plate  and  heated  to  dull  redness,  the 
mass  being  kept  constantly  stirred.  The  oxidation  of  the  cyanide 
is  effected  partly  at  the  expense  of  the  oxygen  in  the  oxide  of 
manganese,  partly  of  that  in  the  atmosphere.  When  the  com- 
bustion has  ceased,  potassic  cyanate  may  be  dissolved  out  of  the 
residue  with  hot  alcohol. 

Potassic  cyanate,  if  kept  dry,  may  be  preserved  without 
change ;  but  so  unstable  is  cyanic  acid,  that  on  attempting  to 
prepare  it  from  potassic  cyanate  by  the  addition  of  an  excess  of 
sulphuric  or  any  other  strong  acid,  traces  of  it  only  are  obtained  i 
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a  brisk  effervescence  ensues — each  molecule  of  the  cyanic  acid 
assimilates  the  elements  of  water,  and  is  almost  entirely  resolved 
into  I  molecule  of  ammonia,  which  remains  in  combination  with 
the  acid  employed  in  decomposing  the  cyanate,  and  one  of 
carbonic  anhydride,  which  escapes  with  effervescence : 

2KCNO  +  2OH3  +  2H2SO,  =   (NH,)2S0,  +  K3SO4  +  2CO2. 

Potassic  Sulphuric  Ammonic  Potassic 

cyanate.  acid.  sulphate.  sulphate. 

Potassic  Isocyanate,  KCNO. —  This  compound,  which  is 
isomeric  with  potassic  cyanate,  is  formed  by  the  action  of  potassic 
hydrate  on  paracyanogen,  on  fusing  paracyanogen  with  potassic 
cyanide,  and  also  when  a  current  of  the  vapour  of  cyanic  chloride 
is  passed  into  a  concentrated  aqueous  solution  of  potassic  hydrate. 
Melms  finds  that  when  the  ordinary  potassic  cyanate  is  heated 
with  cyanic  iodide,  the  former  is  entirely  converted  into  the 
isocyanate,  although  the  iodide  undergoes  no  change.  Potassic 
isocyanate  crystallizes  from  alcohol  in  long  thin  needles,  very 
different  in  appearance  from  the  ordinary  cyanate  ;  after  its 
solution  has  been  submitted  to  the  long-continued  action  of  an 
alkaline  hydrate,  the  addition  of  argentic  nitrate,  after  neutraliza- 
tion with  nitric  acid,  produces  a  white  precipitate  of  silver 
dicyanimide,  CgNgAg  (Bannow,  Deut.  chem.  Ges.  Ber.,  iv.  2^'^). 

Ammonic  Cyanate,  NH^CNO,  is  formed  when  the  vapour  of  cyanic  acid 
is  allowed  to  come  into  contact  with  dry  ^ammonia.  It  is  a  snow-white  crystal- 
line powder,  which,  on  being  boiled  with  water,  is  converted  into  the  isomeric 
body  urea. 

Solutions  of  the  soluble  cyanates  give  white  precipitates  with  solutions  of 
mercurous  salts  as  well  as  with  those  of  the  salts  of  lead  and  of  silver  ;  they 
yield  no  precipitate  with  solution  of  mercuric  chloride,  or  with  the  solutions  of 
salts  of  iron  or  tin.  With  cupric  nitrate  they  give  a  greenish-brown  precipitate, 
and  with  auric  chloride  a  brown  precipitate. 

(1139)  SuLPHocYANATES  or  Thiocyanates,  Rhodauates. — 
When  potassic  cyanide  is  fused  with  sulphur,  or  even  when  a 
solution  of  the  cyanide  is  boiled  with  flowers  of  sulphur,  the  two 
bodies  enter  into  combination,  and  potassic  sulpho cyanate,  KCNS, 
is  formed ;  this  compound  is  also  readily  prepared  by  heating 
to  dull  redness  in  a  covered  crucible  an  intimate  mixture  of 
3  parts  of  anhydrous  potassic  ferrocyanide,  2  of  sulphur,  and  i  of 
potassic  carbonate.  The  melted  mass  when  cold  should  be  treated 
with  boiling-water,  to  separate  the  ferrous  sulphide  formed  in  the 
operation,  and  the  filtered  liquid  evaporated  :  on  cooling,  striated 
prismatic  crystals  of  potassic  sulphocyanate  will  be  deposited, 
which  may  be  purified  by  recrystallization  from  alcohol ;  or  the 
sulphocyanate  may  be  obtained  directly  from  the  fused  mass  by 
treatment  with  alcohol. 
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PoTASsic  SuLPHOCYANATE,  KCNS  =  97'i,  is  aiihydrous,  but  very 
deliquescent,  dissolving  readily  in  water  with  considerable  depres- 
sion of  temperature  ;  it  is  also  very  soluble  in  hot  alcohol.  It 
fuses  readily  when  heated.      It  is  not  poisonous. 

PoTASSTO  IsosuLPHOCYANATE,  KCNS,  prepared  by  acting  on 
persulphocyanic  acid  (1142)  with  an  alcoholic  solution  of  potassic 
hydrate,  is  a  yellow  granular  mass,  which  becomes  white  when 
boiled  with  alcohol.  It  is  very  soluble  in  water,  but  almost 
insoluble  in  alcohol,  and  crystallizes  from  dilute  alcohol  in  tufts 
of  needles.  By  long  continued  boiling  of  the  aqueous  solution 
it  becomes  partly  converted  into  the  ordinary  sulphocyanate,  and 
this  change  is  immediately  effected  by  fusing  the  dry  salt.  In 
its  reactions  with  metallic  salts  it  behaves  very  differently  from 
the  sulphocyanate,  merely  giving  a  brown  colour  with  a  solution 
of  ferric  chloride,  which  disappears  on  adding  an  excess  of  the 
latter.  With  argentic  nitrate  it  yields  a  pale  yellow  precipitate 
almost  insoluble  in  ammonia,  whilst  the  ordinary  sulphocyanate 
yields  a  white  precipitate  soluble  in  ammonia. 

The  sulphocyanates  may  be  regarded  as  representatives  of  the 
cyanates,  in  which  the  oxygen  of  the  latter  salts  has  had  its 
place  supplied  by  sulphur,  the  decomposition  of  sulphocyanic  acid 
by  the  aid  of  heat  and  acids  resembling  that  of  cyanic  acid 
under  similar  circumstances;  thus  with  dilute  sulphuric  acid  it 
gives  carbonic  oxysulphide,  cyanic  acid  yielding  carbonic  an- 
hydride : 

HCNS   +    HgSO^  +    OH2   =  COS    +   NH4.HSO4. 

Sulphocyanic  acid.  Carbonic  oxysulphide. 

HCNO    +   HgSO,   +   OH2  =   CO2   +    NH4.HSO,. 

Cyanic  acid.  Carbonic  anhydride. 

Ammonic  sulphocyanate,  also,  is  converted  into  thiourea ,  CSNgH^, 
when  heated,  just  as  urea,  CONgH^,  is  formed  from  ammonic 
cyanate  during  the  evaporation  of  its  solution. 

The  majority  of  the  sulphocyanates  are  soluble  both  in  water  and  in  alcohol, 
and  are  distinguished  by  the  production  of  an  intense  blood-red  colour  when 
their  solutions  are  mixed  with  one  of  the  ferric  salts ;  if  the  red  liquid  be  then 
acidulated  with  hydrochloric  acid,  and  fragments  of  zinc  added,  sulphuretted 
hydrogen  is  disengaged,  and  the  colour  disappears,  methylamine  being  formed 
amongst  other  products.  Ferric  sulphocyanate  does  not  form  crystals.  JPlumbic 
sulphocyanate  is  sparingly  soluble ;  it  is  slowly  deposited  in  brilliant  anhydrous 
crystals  when  solutions  of  plumbic  acetate  and  potassic  sulphocyanate  are  mixed. 
Basic  plumbic  acetate  gives  a  white  precipitate.  The  sulphocyanates  also  give  a 
white  precipitate  of  cuprous  sulphocyanate,  QmJ^QI^'^)^,  when  added  to  a  mixture 
of  a  ferrous  salt  with  a  cupric  salt ;  with  mercurous  salts  and  with  the  salts  of 
silver  and  of  gold,  they  produce  white  precipitates. 
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Ammonic  sulphocyanate,  NH^CNS  =  76.— a  cc 
this  salt  is  found  in  the  hydrated  ferric  oxide  employed  in 
the  sulphuretted  hydrogen  from  the  crude  gas,  and  also 
which  accounts  for  its  presence  in  commercial  aramonic  su' 
pared  by  treating  carbonic  bisulphide  with  aqueous  ammo 
with  an  alcoholic  solution  of  ammonia,  the  reaction 
NH^.CNS  +  (NHJjjS ;  also  by  adding  hydrocyanic  acid 
It  forms  colourless  deliquescent  plates,  which  melt  at  15 
very  soluble  both  in  water  and  in  alcohol. 

Meecueic  sulphocyanate,  Hg(CNS)3,  is  obtained 
potassic  sulphoeyanate  to  one  of  mercuric  nitrate.  It  i 
either  salt,  and  crystallizes  from  its  solution  in  boilii 
laminae.  When  heated,  it  readily  decomposes  with  st 
that  on  applying  a  light  to  one  point  of  a  small  heap 
rapidly  spreads  through  the  mass,  which  swells  up  to  many  times  its  original 
bulk. 

(1140)  SuLPHOCYANic  ACID,  HCNS. — When  dry  mercurous  sulphoeyanate 
is  heated  in  a  current  of  sulphuretted  hydrogen,  mercurous  sulphide  is  produced, 
and  a  colourless  oily  liquid  which  is  sulphocyanic  acid.  This  acid  boils  at  102^* 
(2I5'6°  F.) ;  when  cooled  to — 12°  (iO'4°  F.),  it  solidifies  to  a  radiated  mass  of 
six-sided  prisms.  It  has  a  pungent  odour,  resembling  that  of  acetic  acid  and  a 
strong  acid  taste.  It  is  a  dangerous  poison.  In  the  concentrated  state  it  soon 
undergoes  decomposition  into  hydrocyanic  and  persulphocyanic  acid : 


n 


3HCNS  =  HCN 


+  CAS3H,. 


Sulphocyanic  acid  may  be  obtained  in  solution  by  suspending  the  sulpho- 
eyanate of  copper,  mercury,  or  silver  in  water,  and  decomposing  it  by  means  of 
a  current  of  sulphuretted  hydrogen.  When  a  dilute  solution  is  boiled,  it 
gradually  undergoes  decomposition,  ammonia,  carbonic  bisulphide,  and  carbonic 
anhydride  being  formed ;  in  a  more  concentrated  state  it  is  resolved  into  hydro- 
cyanic and  persulphocyanic  acids ;  these  changes  occur  more  quickly  in  the  pre- 
sence of  other  acids. 

(1141)  Sulphocyanic  anhydeide,  Ci/anic  or  cvanoff en  sulphide,  ^{C'N^ss: 
SCy^,  is  best  obtained  by  the  action  of  cyanic  iodide  on  argentic  sulphoeyanate 
in  ethereal  solution  ;  it  is  also  formed  on  heating  argentic  cyanide  with  sulphur 
chloride.  It  crystallizes  in  colourless  rhombic  laminae,  which  melt  at  65° 
(149°  F.),  but  sublime  at  a  much  lower  temperature.  It  is  soluble  in  alcohol, 
ether,  and  carbonic  bisulphide,  but  is  decomposed  by  water  with  separation  of  a 
yellow  substance;  a  solution  of  potassic  hydrate  converts  it  into  potassic 
cyanate  and  sulphoeyanate. 

(1142)  Peesulphocyanic  acid,  C^NgSgllj. — If  a  saturated  solution  of 
potassic  sulphoeyanate  be  mixed  with  8  or  10  times  its  weight  of  concentrated 
hydrochloric  acid,  it  is  decomposed,  hydrocyanic  acid  is  evolved,  and  the 
solution  becomes  semi-solid  from  the  separation  of  the  so-called  persulphocyanic 
acid,  in  crystalline  needles.  It  may  also  be  prepared  by  mixing  a  solution  of 
animonic  sulphoeyanate  in  its  own  weight  of  water  with  3  vols,  of  sulphuric 
acid  of  sp.  gr.  1*34.  Persulphocyanic  acid  dissolves  in  420  parts  of  boiling 
water,  and  as  the  solution  cools  it  is  deposited  in  beautiful  orange- coloured 
needles.  Its  solution  yields  a  yellow  precipitate  with  argentic  nitrate;  with 
potassic  hydrate  it  yields  potassic  isocyanate.     {See  Thiourea) 

(1143)  Peesulphocyanogen,  CjNgSgH.— Solutions  of  sulphocyanic  acid, 
and  of  the  sulphocyanates  are  decomposed  by  nitric  acid,  and  also  by  chlorine  or 
bromine,  a  bright  yellow  precipitate  of  persulphocyanogen  being  produced, 
which  is  insoluble  in  water,  alcohol,  and  ether.     When  heated  with  concentrated 
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hydrochloric  acid  it  is  decomposed,  yielding  cyanuric  acid,  hydric  sulphide,  and 
hydric  persulphide  (Glutz,  Beut.  chem.  Ges.  Ber.,  iii.  343) : 

^.N^S^H   +    3OH,   =    C3N3O3H3    +   SH,    4-    S,H,. 

(1144)  DiCYANic  Acid,  CgOaNgH^. — Schmitt  states  that  this 
compound,  which  as  yet  has  scarcely  been  examined,  is  formed  by 
the  action  of  carbonic  oxychloride  on  urea : 

CON2H,    +    COClg   =    C2O2N2H2    +   2HCI. 

(1145)  Cyanuric  Acid,  C3O3N3H3. — This  polymeride  of  cyanic 
acid  may  be  obtained  in  various  ways.  1.  By  heating  biuret, 
CgOgNgHg,  with   carbonic  oxychloride,  COCU,  to  150°  (302°  F.). 

2.  By  decomposing  cyanuric  chloride  by  prolonged  boiling  with 
water,  or  by  dissolving  it  in  hydrated  alcohol ;  in  the  latter  case 
the  liquid  becomes  hot,  hydrochloric  acid  is  formed,  and  crystals 
of  cyanuric  acid  are  slowly  deposited  : 

C3N,Cl3   +  3OH,  ==  C,03N3H3   +   3HCI.         ^ 

3,  By  the  action  of  a  current  of  dry  chlorine  upon  fused  urea : 
6CON2H,  -f  3CI2  =  2C3O3N3H3  -f  N2  +  2HCI  +  4NH,C1; 

the  ammonic  chloride  which  is  formed  may  be  removed  by 
washing  with  cold  water,  and  the  cyanuric  acid  crystallized 
from  boiling  water.  4.  By  decomposing  urea  hydrochloride  by 
heat :  if  the  compound  formed  by  passing  dry  hydrochloric 
acid  gas  over  powdered  urea  be  heated  to  145°  (293°  F.)  in  an 
oil  bath,  rapid  decomposition  occurs,  and  ammonic  chloride  sub- 
limes ;  pure  cyanuric  acid  may  be  obtained  by  crystallizing  the 
residue  from  boiling  water:  3CON2H5Cl  =  C303N3H3  +  3NH4Cl. 
5.  By  heating  urea  beyond  its  fusing  point  until  it  has  become 
converted  into  a  dry  greyish  mass :  when  this  residue,  which  con- 
sists of  cyanuric  acid,  amm elide  or  melanuric  acid,  and  biuret  is 
dissolved  in  hot  sulphuric  acid,  to  which  a  small  quantity  of  nitric 
acid  has  been  added  for  the  purpose  of  removing  the  colour,  it  is 
converted  into  cyanuric  acid,  which  is  deposited  on  diluting  the 
liquid  moderately  with  water.  6.  By  the  destructive  distillation 
of  uric  acid  ;  cyanuric  acid  being  one  of  the  products  obtained  in 
this  operation.  7.  If  cyamelide  be  heated  with  sulphuric  acid 
until  carbonic  anhydride  begins  to  be  evolved,  and  the  solution, 
as  soon  as  it  is  cool,  diluted  with  water,  crystals  of  anhydrous 
cyanuric  acid  are  deposited  after  some  time. 

Cyanuric  acid  is  deposited  from  its  aqueous  solution  in  colour- 
less rhombic  prisms,  C303N3H3,20H2,  which  are  efflorescent.     It 
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is  sparingly  soluble  in  cold  water,  more  freely  so  in  boiling  water, 
and  is  also  somewhat  soluble  in  boiling  alcohol.  When  crystal- 
lized from  hot  hydrochloric  or  nitric  acid,  it  is  deposited  in  square- 
based  anhydrous  octahedra.  By  long  boiling  with  concentrated 
acids  it  is  decomposed  into  carbonic  anhydride  and  ammonia. 
When  crystallized  cyanuric  acid  is  distilled,  it  is  converted  into 
cyanic  acid,  but  this,  as  already  noticed,  in  a  short  time  begins  to 
undergo  a  spontaneous  change  into  the  white  insoluble  compound 
known  as  cyamelide  (1137). 

Most  of  the  cyanurates  are  crystalline  and  sparingly  soluble 
in  water.  Those  which  are  produced  even  when  the  acid  is  mixed 
with  a  considerable  excess  of  an  alkali  or  alkaline  earth,  have 
only  two  of  the  three  atoms  of  hydrogen  displaced  by  the 
equivalent  quantity  of  the  metal.  Monopotassic  cyanurate, 
C3O3N3H2K,  is  deposited  in  anhydrous  cubes,  when  acetic  acid  is 
added  in  small  quantities  at  a  time  to  a  solution  of  potassic  cyanate; 
three  molecules  of  cyanic  acid  coalescing  to  form  one  molecule  of 
the  cyanurate  : 

3CONK     +     2HC2H3O3   =    C3O3N3H2K   +   2KC2H3O2. 

Potassic  Acetic  acid.  Monopotassic  Potassic  acetate, 

cyanate.  cyanurate. 

When  a  solution  of  a  salt  of  copper,  after  being  saturated 
with  ammonia,  is  mixed  with  a  solution  of  cyanuric  acid,  a  cha- 
racteristic violet  precipitate  is  formed,  which  is  insoluble  in  cold 
water.  Diargentic  cyanurate,  CgOgNgHAgg,  and  triargentic 
cyanurate,  C303N3Ag3,  are  white  crystalline  substances,  insoluble 
in  water,  but  slightly  soluble  in  dilute  nitric  acid. 

(1146)  Constitution  of  Cyanic  and  Cyanuric  Acids. — Strictly  speaking 
neither  of  these  compounds  can  be  considered  as  carbo-acids,  since  they  cannot 
be  represented  by  formula  which  contain  the  COOH  group  (1072).  The  only 
constitutional  formulae  which  we  are  able  to  assign  to  a  substance  having  the 
composition  CONH  are  as  follows : 

W"  I  ^^^"  or  H-N  =  C  =  0 ;  and  Ci^  I  J^'^      or  N  =1 C-O-H. 

It  is  probable  that  ordinary  potassic  cyanate  is  the  potassium  derivative  of  the 
first  of  these,  NH.CO,  which,  as  it  is  the  imide  of  carbonic  acid,  is  appropriately 
termed  carbimide  ;  whilst  potassic  isocyanate  is  derived  from  the  second  com- 
pound, NC.OH,  which  is  the  hydrate  of  cyanogen. 

The  constitution  of  cyanuric  acid  may  be  inferred  from  its  formation  from 
biuret.  Schmit  (Journ.  pr.  Ckem.  [2],  v.  46)  found  that  when  this  compound 
is  heated  with  carbonic  oxychloride  carhonyl-dihiuret  is  first  formed : 

fCO.NH,  _  rcO.NH,      NH,.CO  \ 

^""tC0.NH,  ^  ^"^'»  -  •""  I  CU.NH.CO.NH.UO  ]^^    *    2"'-''' 

Biuret.  Carbonyl-dibiuret. 

which,  by  the  further  action  of  the  chloride,  is  then  converted  into  cyanuric  acid : 
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^„  /  CO.NH^     NH^.CO  \  ^„  ^  p^p,      ^„  /  CO.NH.CO.NH.CO  )  ^^  .  ,  hCI 

Carbonyl-dibiuret.  Dicarbonyl-dibiuret. 

„^  f  CO.NH.CO.NH.CO  )  ,.„         ,.„  /  CO.NH  )  ^^ 
^^  1  CO.NH.CO.NH.CO  |  ^^  =  '^^  \  CO.NH  |  ^^' 

Dicarbonyl-dibiuret.  Cyanuric  acid. 

From  this  it  would  appear  that  cyanuric  acid  has  the  constitution  represented  by 

the  formula  NH  I  pr)  tvttt  \  ^^>  ^^^  the  property  it  possesses  in  common  with  the 

true  acids  of  exchanging  hydrogen  for  a  metal  would  be  due  to  the  presence  of 
the  iraidogen  group,  NH.  If  this  be  talven  as  the  constitutional  formula  of  the 
acid  the  reaction  with  phosphoric  pentachloride  (i  135)  must  be  supposed  to  take 
place  in  the  manner  indicated  by  the  following  equations : 

Cyanuric  acid. 

/"CCl— NH\  ^CCl— N% 

NH  CCl,    =  N  CCl  +  3HCI. 

\CC1— NH/-  \CC1  =  N/ 

Cyanuric  chloride. 

(1147)  Cyanilic  acid. — Sometimes  during  the  preparation  of  cj'anuric  acid 
by  boiling  crude  mellon  with  nitric  acid,  crystals  of  a  compound  which  Liebig 
terms  cyanilic  acid  are  formed.  It  crystallizes  in  long,  efflorescent  prisms,  and 
has  the  same  composition  as  cyanuric  acid,  but  is  distinguished  from  it  by  its 
greater  solubility. 

(i  T48)  Fulminates. — When  a  solution  of  argentic  or  mercuric 
nitrate  in  an  excess  of  nitric  acid  is  heated  with  alcohol,  a  decom- 
position attended  with  a  copious  evolution  of  gas  occurs,,  and  a 
crystalline  deposit  of  a  metallic  fulminate  is  formed.  The  ful- 
minates are  a  class  of  salts  polymeric  with  the  cyanates,  from 
which  they  are  distinguished  by  the  property  they  possess 
of  detonating  violently  by  percussion. 

(1149)  Argentic  Fulminate,  CgOgNgAgg- — In  order  to  pre- 
pare this  salt  I  part  of  silver  is  dissolved  at  a  gentle  heat  in  lo 
parts  of  nitric  acid  of  sp.  gr.  1-36,  and  the  solution  poured  into 
20  parts  of  alcohol  of  sp.  gr.  0*840.  On  the  application  of  a  very 
gentle  heat,  an  appearance  of  ebullition  commences,  the  liquid 
becomes  turbid,  and,  on  cooling,  deposits  the  crystallized  fulminate, 
which  may  be  washed  with  cold  water,  and  dried  at  a  very  gentle 
heat.  During  the  preparation  of  the  salt,  oxides  of  nitrogen, 
mixed  with  vapours  of  ethylic  nitrate,  and  of  aldehyde,  as  well 
as  of  acetic  and  formic  acids,  are  liberated,  and  the  solution 
is  found  to  contain  oxalic  acid. 

Argentic  fulminate  may  also  be  obtained  by  passing  nitrous 
anhydride    into    an    alcoholic  solution  of  argentic  nitrate.      In 
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this  case  crystals  of  tlic  fulminate  arc  deposited  without  any 
disengagement  of  gas  during  tlie  reaction  illustrated  by  the  fol- 
lowing equation  : 

C.^H,,0  +  Xp,  +   2AgX0^  =  CA^2'^S2  +  2OH2  +   2IINO3. 

Alcohol.  Arg-eutic  fulminate. 

Argentic  fulminate  is  sparingly  soluble  in  cold  water,  but 
soluble  in  0^6  parts  of  boiling  water.  Its  most  remarkable  pro- 
perty is  its  extremely  explosive  nature.  When  quite  dry^  a  blow, 
or  even  very  slight  friction  between  two  hard  bodies^  is  sufficient 
to  cause  its  decomposition^  attended  with  a  detonation  of  extra- 
ordinary violence.  Even  when  moist^  or  under  water^  pressure 
with  a  hard  body  will  often  produce  a  similar  effect.  In  like 
manner,  an  explosion  is  caused  by  the  addition  of  a  drop  of  sul- 
phuric acid,  the  contact  of  gaseous  chlorine,  or  an  clcA^ation  of 
temperature  somewhat  above  130°  (266°  F.).  It  is  decomposed 
with  effervescence  by  dilute  sulphuric  acid,  oxalic  acid  and  ammonia 
being  formed,  and  hydrocyanic  acid  liberated.  Dilute  hydro- 
chloric acid  also  decomposes  it,  the  silver  being  precipitated  wholly 
in  the  form  of  chloride.  Sulphuretted  hydrogen  converts  the 
salt  into  argentic  sulphide,  and  liberates  cyanic  acid,  which, 
if  the  sulphuretted  hydrogen  be  in  excess,  is  converted  into  sul- 
phocyanic  acid. 

Solutions  of  the  alkaline  chlorides,  even  when  employed  in  excess,  precipitate 
only  one-half  of  the  silver  in  the  form  of  chloride,  produ'^in*^  double  salts,  such  as 
argentic  pota&slc  fulminate, ^P^.^k.'^^{^^),\N\\\d\  is  a  highly  explosive  com- 
pound, crystallizing  in  elongated  brilliant  leaflets. 

A  liijdric  argentic  fulminate,  C^O.N^Agll  (?),  may  be  obtained  in  the  form 
of  a  white  powder  by  the  cautious  addition  of  nitric  acid  to  one  of  these  double 
fulminates.  It  is  soluble  in  boiUng  water,  and  crystallizes  on  cooling.  If  boiled 
with  mercuric  oxide  it  dissolves  the  oxide,  forming  a  mercuric  diargentic  fuhni- 
nate(CV).,XJ^Ag,Hg. 

If  a  solution  of  argentic  fulminate  be  boiled  with  metallic  mercury,  or  copper, 
the  whole  of  the  silver  is  precipitated,  and  a  fulminate  of  mercury  or  of  copper 
is  formed. 

(1150)  Mercuric  Fulminate,  C202N2lIg,z??OIl2. — The  best 
metluKl  (;f  ])rcpari)ig  this  salt,  according  to  Liebig,  consists  in 
dissolving  3  ])aj'ts  of  mercury  in  36  of  nitric  acid,  of  sp.  gr.  i'34, 
without  the  aid  of  heat,  in  a  flask  capal)le  of  containing  18  times 
the  bulk  of  the;  acid,  '^j'he  solution  is  then  to  be  })oured  into  a 
large  vessel  containing  17  piirts  of  alcohol,  of  sp.  gr.  0830,  and 
immediately  rctransl'cri'(;d  to  the  Hask  which  is  still  full  of 
nitrous  vapours,  ;ind  Avitli  wliicli  it  should  be  agitated  to  effect 
their  absoi'ption.  In  a  few  minutes  an  effervescence  commences, 
which    becomes   very   violent  and  is   attended  with  a   deposit  of 
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metallic  mercury ;  this,  however,  iB  gradually  redissolved.  The 
reaction  must  be  moderated  by  the  gradual  addition  of  17  parts 
more  of  alcohol;  and,  on  cooling,  crystals  of  the  fulminate, 
amounting  to  4*6  parts,  are  deposited.  The  reaction  is  attended 
with  the  formation  of  the  same  products  as  when  silver  is  used. 
Glycolic  acid  is  also  found  in  the  mother  liquor. 

Mercuric  fulminate  forms  white  silky  needles,  which  have  a 
metallic  sweetish  taste.  It  is  sparingly  soluble  in  cold  water, 
but  much  more  soluble  in  boiling  water,  or  in  a  solution  of 
ammonia.  It  may  be  handled  without  much  danger  while 
moist,  but  when  dry  if  it  be  exposed  to  the  electric  spark,  or 
heated  to  about  180°  {2>S^°  ^•)y  ^^  explodes  ;  and  if  it  be  struck 
by  a  hard  body,  or  touched  with  concentrated  sulphuric  or  with 
nitric  acid,  detonation  occurs,  but  the  suddenness  of  the  explosion 
is  decidedly  less  than  that  of  argentic  fulminate.  The  priming 
of  the  ordinary  percussion  cap  consists  of  a  mixture  of  i  part  of 
mercuric  fulminate  with  6  parts  of  nitre,  or  of  a  mixture  of  3 
parts  of  the  fulminate,  5  of  potassic  chlorate,  i  of  sulphur,  and  1 
of  ground  glass.  It  is  applied  in  the  form  of  a  dry  powder,  and 
is  made  to  adhere  to  the  cap  by  the  subsequent  application  of  a 
drop  of  shelUlac  varnish. 

When  either  zinc  or  copper  is  boiled  with  mercuric  fulminate 
suspended  in  water,  the  whole  of  the  mercury  is  displaced  by  the 
metal  which  is  employed,  and  fulminate  of  zinc,  or  of  copper,  is 
formed.  No  fulminates  are  known  in  which  both  atoms  of 
hydrogen  are  displaced  by  the  metal  of  an  alkali  or  an  alkaline 
earth.  If  argentic  or  mercuric  fulminate  be  mixed  with  a  solu- 
tion of  potassic  hydrate  in  excess,  only  one  half  of  the  silver  or 
mercury  is  precipitated  in  the  form  of  oxide,  leaving  a  potassic 
argentic,  or  potassic  mercuric  fulminate  in  solution. 

The  constitution  of  the  fulminates  will  be  discussed  when  the 
cyano-derivatives  of  the  hydrocarbon  of  the  ^J^2n+2,  series,  or 
paraffins,  are  described. 

(ti^i)  Fulminubic  Acid;  Isocyanuric  Acid,  CgOgNgHg.— This  com- 
pound was  discovered  at  about  the  same  time  by  Liebig  and  by  Schischkoff.  It 
is  isomeric  or  polymeric  with  cyanuric  acid,  but  contains  only  one  atom  of 
hydrogen  displaceable  by  a  metal.  The  fulminurates  are  obtained  by  boilino* 
one  of  the  fulminates,  such  as  mercuric  fulminate,  with  a  solution  of  a  soluble 
chloride.  When  mercuric  fulminate  is  thus  boiled  with  potassic  chloride,  it  is 
gradually  dissolved,  and  a  yellow  compound  containing  mercury  is  separated ; 
during  the  first  part  of  the  operation  the  liquid  appears  to  be  turbid,  but  as  soon 
as  this  appearance  ceases  it  is  filtered,  and  on  being  evaporated  it  yields  brilliant 
crystals  of  potassic  fulminurate.  The  general  result  of  the  reaction  may  be  thus 
represented : 

2C,0,N,H,  +  OH,  =  C3O3N3H3  +  CO,  +    NH3. 

Fulminic  acid.  Fulminuric  acid. 
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The  fulminurates  crystallize  with  gr^t  facility ;  they  possess  a  high  lustre,  and 
exert  a  great  dispersive  power  on  light.  They  are  decomposed  by  heat  with  a 
feeble  explosion ;  when  submitted  to  electrolysis  they  furnish  carbonic  anhydride, 
cyanogen,  ammonia,  and  a  nitrate. 

It  thus  appears  (supposing  isolated  fulminic  acid  to  be  capable 
of  existing,  and  cyanilic  acid  to  be  a  distinct  compound)  that  not 
less  than  7  compounds  polymeric  with  cyanic  acid  might  be  pro- 
duced— namely : 


Cyanic  acid 
Dicyanic  acid  . 
Cyanuric  acid. 
Cyamelid    . 
Cyanilic  acid  . 
Fulminic  acid 
Fulminuric  acid 


CONH. 
Cp,N,H,  ?. 
C3O3N3H3. 
^CONH. 
C3O3N3H3  ?. 
C,0,N,H,  ?. 
C3O3N3H3  ?. 


CHAPTER  V. 

THE    HYDROCARBONS   AND    THEIR    HALOID,,    NITRO,    AND    CYANO 
DERIVATIVES. 

§  I.  Hydrocarbons  of  the  CJI^n^^  series.  The  Paraffins ; — §  II. 
Hydrocarbons  of  the  C^H^n  series.  The  Olefines  ; — §  III.  Hy- 
drocarbons of  the  Cj^H2n-2  series  ; — §  IV.  Hydrocarbons  of  the 
CJl2n-A  series.  The  Terpenes  ;  —  §  V.  Hydrocarbons  of 
the  CJJ^^_Q  series; — §  VI.  Hydrocarbons  of  the  CnHo„_8 
series ; — §  VII.  Hydrocarbons  of  the  CJB^n-io  series ; — §  VIII. 
Hydrocarbons  of  the  C'„^2»-i2  series  ; — §  IX.  Hydrocarbons  of 
the  C^H2n^i^  series  ; — §  X.  Hydrocarbons  of  the  C^„i/2«-i6  series ; 
— §  XI.  Hydrocarbons  of  the  C'^-^2«-i8  series ; — §  XII.  Hy- 
drocarbons of  the  CJH2n-2jQ  series; — §  XIII.  Hydrocarbons  of 
the  C^i^2M-22  series ; — §  XIV.  Hydrocarbons  of  the  C„^2w-24 
series ; — §  XV.  Hydrocarbons  of  the  CJI^^-iq  series ; — §  XVI. 
Hydrocarbons  of  the  CJH^^_^q  series ; — §  XVII.  Hydrocar- 
bons of  the  C'„^2ra-32  series. 

§  I.  Hydrocarbons  of  the  C11H21H.2   series.     The  Paraffins. 

(1152)  The  name  paraffin  {parum  affinis)  was  first  applied  to 
a  crystalline  solid  obtained  by  Reichenbach  in  1830,  from  wood 
tar,  and  since  largely  manufactured  by  the  distillation  of  cannel 
coal  and  bituminous  shales ;  the  liquid  oil  produced  at  the  same 
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time  naturally  took  tlie  name  of  ^  paraffin  oil/  Both,  these  sub- 
stances consist  chiefly  of  mixtures  of  hydrocarbons  having  the 
general  formula  CJi^^+c^,  and  the  term  paraffin  as  suggested  by 
Watts^  is  now  applied  to  the  entire  series. 

The  members  of  this  large  group  of  hydrocarbons  homologous 
with  methane  or  marsh  gas^  CH^,  are  characterized  by  their 
chemical  indifference,  showing  not  the  slightest  tendency  to  enter 
into  combination,  and  exhibiting  to  the  fullest  extent  the  pro- 
perties of  saturated  molecules.  They  are  scarcely  acted  on  at 
the  ordinary  temperature  even  by  fuming  nitric  acid,  although 
they  are  easily  oxidized  by  long  continued  boiling  with  dilute 
nitric  acid,  yielding  principally  carbonic  anhydride  and  a  mixture 
of  solid  and  volatile  acids  of  the  acetic  and  succinic  series  with 
nitriles ;  similar  products,  with  the  exception  of  the  nitriles,  are 
obtained  by  treatment  with  a  mixture  of  dilute  sulphuric  acid 
and  potassic  dichromate.  From  the  experiments  of  Berthelot,  it 
would  seem  that  the  action  of  potassic  permanganate  is  but  feeble, 
since  he  found  that  it  required  two  months^  treatment  with  that 
reagent  to  completely  oxidize  a  few  decigrams  of  the  paraffin 
hexane.  They  are  not  attacked  by  a  dilute  solution  of  hypo- 
chlorous  acid.  The  action  of  chlorine  and  bromine  on  the 
paraffins  gives  rise  to  substitution  products.  They  are  not  dis- 
solved by  concentrated  sulphuric  acid,  neither  do  they  combine 
with  sulphuric  anhydride. 

Hoffmann  has  proposed  that  the  termination  ane  should  be 
employed  to  distinguish  the  members  of  this  series,  a  nomen- 
clature now  generally  adopted.  The  first  four,  methane,  ethane, 
propane,  and  tetrane  are  gaseous  at  the  ordinary  temperature ; 
the  next  higher  homologues  are  colourless  mobile  liquids  whose 
density  and  boiling  point  gradually  increase  as  the  number  of 
carbon  atoms  in  the  molecule  becomes  greater,  whilst  the  highest 
members  are  crystalline  solids. 

(1153)  Methods  of  Formation  of  the  Paraffins. — Although 
^  marsh  gas,^  CH^,  had  long  been  known,  the  first  member  of  the 
series  which  was  prepared  artificially  was  the  octane,  CgH^g, 
obtained  by  Kolbe  during  the  electrolysis  of  potassic  valerate ; 
subsequently  a  more  general  method  of  obtaining  these  bodies 
was  discovered  by  Frankland,  in  the  decomposition  which  the 
moniodoparaffins  undergo  when  heated  with  zinc  to  a  high  tem- 
perature in  sealed  tubes. 

I .  By  the  action  of  Nascent  Hydrogen  on  Carbon  Compounds. — 
Berthelot,  in  his  remarkable  experiments  on  the  action  of 
hydriodic  acid  on  organic  bodies  has  found  that  all  carbon  com- 
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pounds  if  heated  to  270° — 280°  (518° — 536°  F.)  with  a  large 
excess  of  a  concentrated  aqueous  solution  of  that  acid  of  density 
2'o  are  converted  into  the  corresponding  saturated  hydrocarbon 
containing  the  same  number  of  carbon  atoms  as  the  original 
compound,  or  into  mixtures  of  the  paraffins  lower  in  the  series. 
Thus  benzene,  CgHg,  is  converted  into  hexane,  CgH^^,  and  toluene, 
C^Hg,  into  heptane,  C.^H^g,  whilst  naphthalene,  C^^Hg,  yields  a 
mixture  of  decane,  C^QFgj,  hexane,  CgH^^,  and  octane,  CgH^g. 
Similarly,  the  haloid  derivatives  of  the  hydrocarbons,  the  alcohols, 
aldehydes  and  many  acids  are  said  to  yield  the  corresponding 
paraffins  by  this  method  of  treatment. 

A  very  general  and  advantageous  method  of  preparing  pure 
paraffins  is  to  act  upon  their  monohaloid  derivatives  with  a  mix- 
ture of  zinc  and  hydrochloric  acid ;  the  action  is  often  facilitated 
by  dissolving  the  haloid  derivatives  in  alcohol : 

Zn    +    2HCI  =    Hg    +    ZnCl^; 

CnH2n  +  lCl      +       H2      =      C„H2n+2      +      ^CL 

C3H7CI         +    H2    =    CgHg  +    HCl. 

Chloropropane.  Propane. 

A  similar  effect  is  produced  by  heating  the  monohaloid  deri- 
vatives of  the  paraffins  with  zinc  and  water  to  200°  (392°  F.)  : 

CJi,,^,!    -!-   Zn    +    OH2  =    C,H2,+2   +    ZnlOH. 
CgHi^I       +    Zn    +   OH2   =  C5H12        +    ZnlOH. 

lodopentane.  Pentane.  Zincic  iodohydrate. 

Gladstone  and  Tribe  have  recently  shown  (Journ.  Chem.  Soc,  1873, 
445,  678,  961),  that  this  decomposition  takes  place  at  a  much 
lower  temperature,  in  many  cases  at  the  ordinary  temperature, 
if  the  zinc  be  coated  with  spongy  copper  by  immersing  it  in 
a  dilute  solution  of  cupric  sulphate.  Alcohol  may  also  be 
employed  in  place  of  water. 

2.  From  Organo-metallic  Compounds. — Water  acts  with  ex- 
plosive violence  on  the  zinc  organo-metallic  compounds  giving 
rise  to  a  paraffin  : 

Zn(U„H,„^.,)2   +    2OH,   =   aC„H,„^2  +   ZnH.O, 
Zn(CjH,),         +   2OH3   =    2C3H5        +  ZnH^O^. 

Zincic  ethide.  Ethane. 

3.  By  the  action  of  Alkaline  Hydrates  on  Acids. — Paraffins 
are  also  produced  when  a  mixture  of  a  sodic  salt  of  an  acid  of 
the  acetic  or  succinic  series  is  heated  with  excess  of  an  alkaline 
hydrate  : — 
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CnH2n+i.C00Na  +  NaHO  =  C^H^^^^  +  Na^COg. 
CHg.COONa   +  NaHO  =  CH^  +  Na^COg. 

Sodic  acetate.  Methane. 

C,H2,(COOK)2  +  ^KHO  =  C,H2,^2  +   2K2CO3. 
CgH,2(COOK)2  +  2KHO  =  CgH,,       +   2K2CO3. 

Potassic  suberate.  Hexane. 

In  this  reaction,  however,  owing  to  the  high  temperature  required, 
the  product  is  usually  more  or  less  contaminated  with  the 
products  of  secondary  decomposition. 

4.  By  the  Electrolysis  of  Acids. — In  the  electrolysis  of  a 
solution  of  an  alkaline  salt  of  an  acid  of  the  acetic  series,  such 
as  acetic  acid,  hydrogen  and  potassic  hydrate  make  their  appear- 
ance at  the  negative  electrode,  whilst  carbonic  anhydride  and  a 
paraffin  are  found  at  the  positive  electrode  ;  thus : 

2C,H2,+iCOOK  +  2OH2  =  Ha  +  2KH0  +  2CO2  +  C^^H^^j  or 
CmH2m+2  ^hcrc  m  =  2n. 

2CH3COOK  +  2OH2  =  H3  +  2KHO4-2CO3+  CgHg. 

Potassic  acetate.  Ethane. 

5.  By  the  action  of  Metals  on  the  Monohaloid  Derivatives 
of  the  Paraffins. — The  majority  of  the  moniodoparaffins  when 
acted  upon  by  metallic  sodium  yield  a  paraffin  containing  twice 
as  many  carbon  atoms  in  the  molecule  as  the  moniodoparaffin : 

2C^H2n+iI  +  2Na   =   C2^H^+2  +  ^Nal. 
2C,H9l       +  2Na  =   CgHjg       +  2NaI. 

lodotetrane.  Octane. 

If  a  mixture  of  two  moniodoparaffins  be  taken,  the  number  of 
carbon  atoms  in  the  molecule  of  the  product  is  the  sum  of  the 
carbon  atoms  in  the  two  moniodoparaffins : 

CnH2n+iI  +  C^H2^^  J  +  2Na  =   C„+^H2^^.2^^j  +  2NaI. 

CgH.I        +     C^Hnl    +   2Na  =  C^H.g  +  2NaI. 

lodethane.  lodopentane.  Heptane. 

It  is  often  necessary  to  moderate  the  violence  of  the  action  of 
the  sodium  by  the  addition  of  an  indifferent  liquid  such  as 
ether. 

When  the  moniodoparaffins  are  heated  with  zinc,  a  paraffin  is 
obtained  containing   twice   as    many  carbon  atoms  as  there  are 
in  the  molecule  of  the  iodoparaffin,  thus : 
3  K 
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2CH3I   +    Zii   =   C.Hg   +    Znig; 

lodomethane.  Ethane. 

but,  excepting  when  iodomethane  (methylic  iodide)  is  employed, 
the  paraffin  and  define  containing  the  same  number  of  carbon 
atoms  as  the  iodoparaffin  are  produced.  It  may  be  supposed 
that  these  are  formed  either  by  the  splitting  up  of  the  higher 
paraffin  at  the  moment  of  formation  : 

2CnH2,^J   +    Zn  =    C,Ji^^,    +    Znl^; 

C'2nH4n+2    —     ^n-'^2n  +     ^u^2n+2  J 

or,  which  is  more  probable,  that  portions  of  the  iodoparaffin  are 
so  acted  upon,  that  the  corresponding  paraffin  and  olefine  are 
immediately  produced  : 

CnH^^^iI    +   C„H,„^,I   +   Zn  =  C„H2„   +   C^H^^^,  +  Znl,; 

the  hydriodic  acid  withdrawn  from  one  molecule  by  the  action  of 
the  metal  reacting  together  with  the  metal  upon  a  second  mole- 
cule of  the  iodoparaffin  to  produce  the  paraffin  and  zincic  iodide. 
Mercury  in  a  few  instances  behaves  like  zinc. 

6.  By  Destructive  Distillation. — Paraffins  are  also  very  often 
produced  during  the  destructive  distillation  of  organic  substances, 
and  occur  therefore  in  wood  and  coal  tar.  Many  shales,  as 
well  as  boghead  and  cannel  coal,  yield  comparatively  large 
quantities  of  these  hydrocarbons.  They  are  also  produced  by 
the  gradual  decomposition  of  vegetable  matter  beneath  the  earth's 
surface,  giving  rise  to  the  petroleum  which  is  obtained  in  such 
enormous  quantities  from  the  oil  wells  of  Pennsylvania  and  Canada. 

(1154)  Constitution  of  the  Paraffins. — The  paraffins,  CJI^^^^, 
are  frequently  regarded  as  the  hydrides  of  the  positive  radicles, 
C^Hon+i,  ^^  *^6  methyl  series  ;  thus  methane,  CH^,  would  be 
considered  to  be  methylic  hydride,  CH3.H,  and  ethane,  CgHg, 
ethylic  hydride,  CgHg.H.  This  view  of  their  constitution,  sug- 
gested by  their  mode  of  formation  from  the  zinc  compounds  by 
the  action  of  water  : 

Zn(C,H.)2   +    2OH2   =   2C2H5.H   +  ZnHPg, 

Ziucic  ethide.  Ethylic  hydride. 

is  apparently  supported  by  the  fact  that  the  action  of  chlorine  on 
methane  and  ethane  gives  rise  to  the  compounds  CH3CI  and  CgHgCl 
identical  with  the  methylic  and  ethylic  chlorides  obtained  by  the 
action  of  hydrochloric  acid  on  the  corresponding  alcohols.  The  case, 
however^  is  different  with  the  next  member  of  the  series,  propane. 
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CgHg,  which  under  similar  circumstances  gives  rise  to  two 
isomeric  compounds  of  the  formula  CgH^Cl,  namely,  a-chloro- 
propane  or  propylic  chloride,  CHg.CHg.CHgCl,  and  j3-chloropro- 
pane  or  isopropylic  chloride,  CH(CH3)2C1,  so  that  we  should  have 
to  regard  propane  simultaneously  as  propylic  hydride  and  isopro- 
pylic hydride  :  this  objection  applies  with  still  greater  force  to 
the  higher  members  of  the  series. 

The  homologues  of  methane  are,  according  to  the  present 
state  of  our  knowledge,  most  conveniently  regarded  as  methane, 
in  which  one  or  more  of  the  hydrogen  atoms  are  replaced  by 
positive  radicles  of  the  form  CnH2n+;L.^  Thus  ethane,  CgHg, 
would  be  represented  as  methylmethane,  CH3.CH3,  or,  regarding 
its  formation  from  methylic  iodide  by  the  action  of  sodium 
or  zinc  : 

2CH3I   +   Zn   =   CgHg   +   Znig, 

Methylic  iodide.  Ethane. 

where  the  two  methyl  groups,  CH3,  unite  to  form  the  group 
CgHg,  as  dimethyl.  It  must  be  remarked,  however,  that  the  two 
methyl  groups  have,  on  thus  coalescing,  as  it  were,  lost  their 
individuality,  since  they  are  not  separable  as  are  the  constituent 
atoms  of  the  hydrogen  molecule,  Hg.  Thus,  whereas  the  action 
of  a  molecule  of  chlorine  gives  rise  to  two  molecules  of  hydric 
chloride  when  it  acts  upon  a  molecule  of  hydrogen:  H2  +  Cl2  = 
2HCI,  it  does  not  produce  two  molecules  of  methylic  chloride 
when  it  acts  upon  ethane  (dimethyl)  :  {CB.^)^-\- 01^  —  2011  fil,  but 
a  single  molecule  of  chlorethane  or  ethylic  chloride  :  CH3.CH3  + 
Cl2=CH3.CH2Cl  +  HCl.  The  same  may  be  said  of  the  other 
homologues  of  methane. 

The  hypothesis  that  the  homologous  paraffins  are  thus 
derived  from  methane  is  especially  convenient  in  practice  to 
recal  the  methods  of  formation,  and  to  distinguish  between  the 
numerous  isomerides  in  the  higher  terms  of  the  series  :  thus  the 
name  of  ethylmethane,  as  applied  to  the  hydrocarbon  propane, 
CgHg,  is  at  once  suggestive  of  its  formation  by  the  action  of 
sodium  on  an  ethereal  solution  of  methylic  and  ethylic  iodide : 

C2H5I   +    CH3I  +    sNa  =   2NaI   +    CH3.C2H5  or  C3Hg. 

Ethylic  iodide.    Methylic  iodide.  Ethylmethane    or    Propane. 

In  like  manner  the  terms  diethyl,  for  the  normal  tetrane,  and 
trimethylmethane  for  isotetrane,  suggest  not  only  that  one  is  pre- 
pared  from    ethylic   iodide,  and   that    the    other   is   related  to 


*  The  names  given  to   these  radicles  are  derived  from  those  of  the  corre- 
sponding paraffins  by  changing  the  terminal  ane  into  i/l, 

k2 
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trimetliylcarbinol,  but  also  that  the  carbon  atoms  are  not  united 
in  the  same  way^  and  therefore  that  they  are  isomeric. 

(i  155)  Isomerism  in  the  Paraffin  Series. — Of  the  first  three 
members  of  the  paraffin  series,  namely,  methane,  CH^,  ethane, 
CgHg,  and  propane,  CgHg,  no  isomeric  modifications  exist.  They 
exhibit  the  same  physical  and  chemical  properties  in  whafever  way 
they  may  have  been  prepared,  which  is  in  accordance  with  what 
might  have  been  expected  from  a  consideration  of  their  constitu- 
tional formulae : 

H  H  H  H  H  H 

I  II  III 

H-C-H,  methane  ;  H-C-C-H,  ethane ;  H-C-C-C-H,  propane. 

I  II  III 

H  H  H  H  H  H 

The  paraffins,  however,  containing  four  or  more  carbon  atoms* 
admit  of  isomeric  modifications,  as  will  be  shown  when  they 
are  considered  individually.  Schorlemmer  has  proposed  to 
divide  these  paraffins  into  four  groups: — i.  Normal  primary  pa- 
raffins in  which  each  carbon  atom  is  associated  directly  with  at 
most  two  other  carbon  atoms  as  in  normal  hexane : 

H    H   H   H    H   H 

C,H,,  =  CH3.CH,.CH,.CH2,CH^.CH,  or  H-C-C-C— C— C-C-H. 

I      I      I      I      I      I 
H    H    H   H    H   H 

2.  Isoparaffins  in  which  one  of  the  carbon  atoms  is  associated 
with  three  others,  or  which  contain  the  group  isopropyl,  CH(CHjj)^, 
as  isohexane  : 

H        H       H    H   H 

CH(CH3),.CH,.CH,.CH3,  or  H-C C C— C— C— H. 

H  H— C— H  H  H    H 
I 
H 

3.  Those  which  contain  the  isopropyl  group  twice,  as  diisopropyl : 

H        H  H        H 

CH(CH,)..CH(CH3),,  or  H— C C C C-H. 

II  II 

HH— C— HH-C— HH 

I  I 

H  H 

4.  Those  in  which  one  of  the  carbon  atoms  is  associated  with  four 
others,  as  in  ethyl-trimethyl-methane  Q(QJl^{CYi^^.  The  ac- 
companying table  (pp.  134,  135)  represents  all  the  paraffins  with 
whose  properties  we  are  acquainted  arranged  in  four  groups 
according  to  the  method  just  described. 

It  will  be  seen  that  the  boiling  points  of  the  normal  paraf- 
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fins  are  higher  than  those  of  their  isomerides,  and  that  the 
boiling  points  of  the  latter  become  lower,  the  more  complex  their 
structure ;  the  hydrocarbon  in  group  iv.  boiling  lower  than  the 
corresponding  hydrocarbon  in  group  iii.,  and  this  again  lower  than 
that  in  ii.,  whilst  the  normal  paraffin  has  the  highest  boiling  point. 
In  group  I.  the  increase  of  boiling  point  for  each  difference  of  CH^ 
diminishes  progressively,  but  appears  to  become  constant  when  it  is 
about  19°  (66°'2  F.).  In  group  ii.  the  increase  of  boiling  point 
for  each  difference  of  CHg  is  about  31°  (55°*8  F.),  and  in  group  iii. 
it  is  about  25°  (45°  F.),  but  these  numbers  must  be  regarded 
merely  as  rough  approximations  liable  to  alteration  as  our  know- 
ledge of  these  compounds  in  the  pure  state  becomes  increased. 
It  will  also  be  noticed  that  the  specific  gravity  in  the  liquid  state 
of  the  isomeric  hydrocarbons  varies  in  the  same  direction  as  the 
boiling  point ;  the  paraffin  of  higher  boiling  point  having  in  most 
(probably  in  all)  cases  a  higher  specific  gravity  than  that  of  the 
isomeric  compound  of  lower  boiling  point. 

(1156)  Methane;  Met  hylic  hydride;  Formene ;  Marsh 
gas ;  Light  carburetted  hydrogen  or  sub-carburetted  hydrogen  : 
CH^=i6. — This  gas,  the  lowest  member  of  the  paraffin  series,  has 
never  been  obtained  by  the  direct  union  of  its  elements.  Accord- 
ing to  Berth elot,  however,  it  is  formed  in  small  quantities  when 
a  mixture  of  carbonic  bisulphide  vapour  with  hydric  sulphide  or 
with  steam  is  passed  over  red  hot  copper  turnings  :  CSg-f-aSHg-f- 
2Cu,=CH,  +  4CuS. 

Methane  is  one  of  the  usual  products  of  the  destructive  dis- 
tillation of  organic  substances,  such  as  wood,  peat,  and  bituminous 
coal,  and  is  consequently  one  of  the  principal  constituents  of 
coal-gas ;  it  also  occurs  abundantly  in  many  coal  mines,  bursting 
forth  unexpectedly  from  the  seams  of  coal,  and  blowing  out  from 
the  fissure  for  many  months  together,  as  though  escaping  from 
under  high  pressure.  These  natural  discharges  of  the  gas  the 
miners  term  ^^  blowers/'  According  to  the  experiments  of 
Graham,  the  gas  from  the  Newcastle  coalfield  is  free  from  admix- 
ture with  olefiant  gas,  hydrogen,  carbonic  oxide,  and  carbonic 
anhydride.  It  is  also  found  issuing  from  the  earth  in  many 
parts  of  Italy,  Persia,  China,  and  America.  The  holy  fires  of 
Baku  on  the  Caspian  Sea,  which  have  been  burning  from  time 
immemorial,  are  of  this  nature. 

Preparation. — Pure  methane  can  only  be  obtained  by  the 
decomposition  of  zincic  methide  by  water:  Zn(CH3)3  +  20H2= 
aCH^  +  ZnOgllg.  When  a  large  quantity  is  required  it  may  be  pre- 
pared by  the  process  recommended  by  Person  ;  io|  parts  of  baric 
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Table  of  Homologous 


I. 

II. 

Name. 

Formula. 

Boiling 
point. 

Specific 
gravity. 

Name. 

Formula. 

Boiling 
point. 

Specific 
gravity. 

Methane  .    . 
Ethane     .   . 

CH4 

CH3 

CH3 

1 

Propane    .    . 

C3H8  =  CHa 

CH3 
CH3 

C,Hio  =  (CH2)2 

CH3 

CH3 

1 

Tetrane    .    . 
(Diethyl) 

1° 

•600  at  0° 

Trimethylmethane . 
(Methylisopropyl) 

CH(CH3)3 

-iS° 

Pentane   .    . 

C5H12  =  (CH2)3 

CH3 
CH3 

38° 

•628  at  17° 

Ethyldimethyl- 

methane   .    .    . 
(Ethylisopropyl) 

CH(CH3)2 
C2H5 

30° 

•626  at  17° 

Hexane     .    . 
(Dipropyl) 

C6Hi,=  (CH2), 

CH3 
CH3 

71° 

•669  at  16° 

Propyldiraethyl- 

methane   .     .     . 
(Ethylisobutyl) 

CH(CH3)2 
C3H7 

62° 

•701  at  0° 

Heptane  .    . 

Octane .    .    . 
(Dibutyl) 

C7H16  =  (CHa)^ 

CH3 
CH3 

C8Hi8=(CH2)6 

CH3 
CH3 

99° 
124° 

•699  at  15° 
•703  at  17° 

Triethylmethane    . 
Tetryldiraethyl- 
methane    .    .     . 
(Ethylisoamyl) 

CH(C2H5)3 

CH{CH3)2 
C4H9 

96° 
91° 

•689  at  27° 
•683  at  i8°'4 

Nonane    .    . 

CgHao=(CHa)7 

CH3 
CH. 

C10H22  =  (CH2)8 

148° 

•728  at  i3°-5 

""" 

— 

— 

Decane     .    . 

166-168° 

739  at  i3°-5 

— 

_ 

— 

— 

Endecane .    . 

c'h3 

CnH24=(CH2)9 

CH3 

CK3 

180-184° 

•765  at  16° 

Dodecane .    . 
(Dihexyl) 

Tridecane.    . 
Tetradecane  . 
Pentadecane . 

Cl2H26=(CH2)io 

CHa 

Ci3H28 

tuHao 

CH3 

202° 

216-218° 
236-240° 
258-262° 

•774  at  17° 

•792  at  20° 
•825  at  16° 

Hexdecane    , 
(Dioctyl) 

Cl6F34=  (CH2)i4 
CH3 

378° 

solid 
melts  at  21° 
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and  Isomeric  Paraffins. 


III. 


IV. 


Name. 


Formula. 


Boiling' 
point. 


Specific 
gravity. 


Name. 


Formula. 


Boiling 
point. 


Specific 
gravity. 


Diisopropyl 


Diisobutyl   .    . 


CH(CH3)2 
CH  (0113)2 


CH(CH3)2 

(CH,)2 

CH(CH3)2 


Isobutylisoamyl    CH(CH3)a 

(CH2)3 


Diisoamyl 


CH(CH3)2 
CH(CH3)2 

CH(CH3)2 


58° 


132° 


•670  at  17° 


•698  at  16° 


•724  at  0° 


•727  at  14° 


Te tram  ethyl- 
methane  . 


Ethyltrimethyl- 
methane  .     . 


Diethyldimethyl- 
methane  .    . 


CCCHs)* 

C(C2H,)  (CH3)3 

C(CaH5)a(CH3)2 


43°-48° 
86°-87° 


•696  at  21' 
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hydrate  and  ]  oj  of  anhydrous  sodic  acetate  are  very  intimately 
mixed,  and  heated  over  a  charcoal  fire,  or  gas  stove,  in  a  Florence 
flask,  coated  with  a  luting  of  fire-clay  made  into  a  paste  with  a 
solution  of  borax.  The  flask  is  fitted  with  a  cork  and  bent  tube, 
and  the  gas  is  passed  first  through  a  solution  of  sodic  hydrate 
and  afterwards  through  concentrated  sulphuric  acid :  it  may  be 
collected  over  water  in  the  usual  way  : 

aCHg.COgNa  +  Ba02H3   =  aCH^  +  BaCOg   +  Na^COg. 

Bodio  acetate.  Baric  Methane.  Baric  Sodic 

hydrate.  carbonate.  carbonate. 

A  mixture  of  i  parts  of  potassic  hydrate  and  3  of  quicklime  may 
be  substituted  for  baric  hydrate.  The  most  convenient  method, 
however,  is  to  heat  a  mixture  of  i  part  of  sodic  acetate  either  with 
3  of  soda-lime  or,  as  recommended  by  Schorlemmer,  with  2  or  3 
parts  of  a  mixture  of  equal  weights  of  anhydrous  sodic  carbonate 
and  dry  slaked  lime,  in  a  copper  flask  provided  with  a  delivery 
tube. 

The  gas  is  also  easily  procured  (mingled  with  nitrogen  and 
carbonic  anhydride),  as  a  result  of  the  decomposition  of  vege- 
table matter  contained  in  the  mud  of  stagnant  pools ;  hence  its 
name  of  marsh  gas.  In  order  to  collect  the  gas  from  this 
source  a  bottle  may  be  filled  with  water,  inverted  in  the  pool, 
and  having  fastened  a  funnel  in  the  neck  of  the  bottle,  the  mud 
beneath  is  stirred  with  a  stick ;  the  gas  then  rises  into  the  bottle 
in  bubbles. 

Properties. — Methane  is  a  colourless,  inodorous,  and  taste- 
less gas,  scarcely  soluble  in  water,  but  soluble  in  alcohol  to  a 
small  extent :  not  injurious  to  life  if  diluted  with  air.  It  does 
not  support  combustion,  but  is  itself  inflammable,  and  burns 
with  a  yellow  luminous  flame.  By  passing  through  it  a  continued 
succession  of  electric  sparks,  or  by  sending  it  through  tubes 
heated  to  whiteness,  it  is  decomposed :  its  carbon  is  deposited, 
and  a  volume  of  hydrogen,  double  that  of  the  gas  employed,  is 
set  at  liberty. 

Methane  requires  twice  its  volume  of  oxygen  for  complete 
combustion.  Six  volumes  of  the  mixed  gases  after  detonation 
are  condensed  into  2  volumes ;  they  yield  2  volumes  of  carbonic 
anhydride,  and  4  volumes  of  steam  which  are  condensed.  Now 
carbonic  anhydride  contains  its  own  bulk  of  oxygen  ;  it  therefore 
represents  2  of  the  4  volumes  of  oxygen  which  have  disappeared, 
whilst  the  rest  of  the  oxygen  has  united  with  4  volumes  of 
hydrogen  and  formed  water.  Two  volumes  of  methane  must 
consequently  contain  4  volumes  of  hydrogen,   or  4   parts    by 
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weight,  united  with  i:j  parts  of  carbon^  and  its  composition  may 
be  thus  represented : 

By  weight.  By  vol. 

Carbon  C      =      12  or  75      ...      ? 

Hydrogen     H^     =        4        25      ...      4 

Methane        CH^   =      16      100  2 

Although  chlorine  has  no  action  on  methane  in  the  dark,  the 
mixture  of  the  two  gases  explodes  when  exposed  to  the  direct 
rays  of  the  sun.  In  diffused  daylight  chlorine  substitution  com- 
pounds are  formed,  the  principal  product  being  monochlorome- 
thane  or  methylic  chloride  :  with  excess  of  chlorine  it  is  ultimately 
converted  into  tetrachloromethane  or  carbonic  tetrachloride,  CCl^ 
but  if  moisture  be  present,  hydrochloric  acid  and  carbonic  anhy- 
dride are  also  formed  : 

CH4   +  4CI2  +  2H2O   =   CO2  +    8HC1. 

(1157)  Ethane,  Ethylic  hydride  or  Dimethyl:  CgHg  or 
CH3.CH3=3o. — This  compound  is  a  tasteless  and  odourless  gas 
which  has  not  as  yet  been  liquefied.  It  is  almost  insoluble  in 
water,  but  alcohol  takes  up  more  than  its  own  bulk  of  the  gas. 
A  good  method  of  preparing  it  consists  in  heating  a  mixture 
of  equal  parts  of  water  and  iode thane  or  ethylic  iodide,  CgHgl, 
with  metallic  zinc,  in  a  sealed  tube  to  a  temperature  of  about 
i6j»  (329°  F.)  : 

C2H5I   +  Zn   +    OH2  =   CjHj   +  ZnlOH; 

lodethane.  Ethane. 

on  breaking  off  the  capillary  extremity  of  the  tube  under  water, 
the  gas  rapidly  escapes,  and  may  be  collected  in  the  usual  way 
(Frankland).  According  to  Gladstone  and  Tribe,  the  same 
action  takes  place  with  moderate  rapidity  even  at  the  ordinary 
temperature  when  iodethane  is  added  to  the  moist  so-called 
'  zinc-copper  couple,'  which  is  prepared  by  immersing  zinc  foil  in 
a  dilute  solution  of  cupric  sulphate. 

Ethane  is  obtained  in  a  state  of  great  purity  by  the  action  of 
water  on  zincic  ethide  : 

Zn(C,HJ,   +   2OH,  =  3C,H,   +  ZnRf,,; 

zincic  ethide,  Etlianc. 

or  by  heating  methylic  iodide  with  zinc  or  finely  divided  silver 
to  150"  (303°  P.)  : 

.      aCHjI  +  2Ag=  C,H,  +  aAgli 

Methylic  iodide.  Ethane. 
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It  may  also  be  prepared  by  the  electrolysis  of  a  concentrated 
solution  of  potassic  acetate  : 

3CH3.COOK  +    OH2  =  CgHg   +   CO2   +  KfiO,  +   U,. 
The  gas  which  is  given  off  at  the   positive  pole  is  a  mixture  of 
ethane  and  carbonic  anhydride  from   which   the  latter   may  be 
removed  by  an  alkaline  hydrate. 

The  action  of  chlorine  on  ethane  in  diffused  daylight  gives 
rise,  in  the  first  place,  to  monochlorethane  or  ethylic  chloride, 
and  afterwards  to  higher  chlorinated  products. 

(i  158)  Peopane,  Propylic  hydride,  or  Methyl-ethyl :  CgHg  or  CHg.CHg.CHg 
=  44. — This  compound  occurs  amongst  the  gases  evolved  from  the  petroleum 
springs  in  Pennsylvania,  and  also  dissolved  in  the  crude  petroleum.  It  may  be 
prepared  from  propylic  or  isopropylic  iodide  by  the  action  of  bydriodic  acid,  or 
of  zinc  and  hydrochloric  acid  : 

C,H,I    +    HI   =   C3H,    +    I^ 

lodopropane.  Propane. 

Propane  is  a  gas  wbicb,  at  a  low  temperature,  may  be  condensed  to  a  colourless 
liquid.  Alcohol  dissolves  about  six  times  its  volume  of  the  gas.  The  action 
of  chlorine  on  propane  gives  rise  to  two  isomeric  monochlorinated  substitution 
compounds,  namely  a-chloropropane  or  propylic  chloride,  CHg.CH^.CH^Cl,  and 
(5'chloropropane  or  isopropylic  chloride,  CH3.CHCI.CH3,  besides  higher 
chlorinated  products. 

(1159)  Teteane  or  Butane  :  C^HjQ  =  58.  —  Two  ison:eric  compounds 
having  the  formula  C^Hj-^^,  are  capable  of  existing ;  both  of  these  have  been 
prepared  and  examined. 

Normal  ietrane,  butane,  httylic  hydride,  or  diethyl :  CHg.CH^.CH^.CHg,  is 
found  in  crude  petroleum.  It  may  be  prepared  by  heating  a  mixture  of  granu- 
lated zinc  and  ethylic  iodide  for  two  hours  to  a  temperature  of  150°  (302°  F.) 
in  a  strong  sealed  tube  from  which  the  air  has  been  exhausted ;  the  sides  of  the 
tube  become  coated  with  a  white  crystalline  substance,  consisting  of  zincic 
iodoethide,  which  is  mixed  with  a  colourless  mobile  liquid,  equal  in  bulk  to  about 
half  that  of  the  ethylic  iodide  employed.  This  liquid  is  a  mixture  of  tetrane 
with  ethane  and  ethylene,  the  two  latter  the  result  of  a  secondary  decom- 
position (p.  130).  On  opening  the  tube  when  cold,  the  liquid  rapidly  disappears 
and  escapes  in  the  gaseous  form.  The  last  portions,  which  consist  of  tetrane, 
may  be  condensed  to  a  colourless  liquid  by  means  of  a  refrigerating  mixture 
of  ice  and  sale.  Butane,  mixed  with  ethane  and  ethylene,  is  also  formed  when 
ethylic  iodide  is  exposed  over  mercury  to  the  sun's  rays,  mercuric  iodide  being 
produced  at  the  same  time. 

At  the  ordinary  temperature  butane  is  a  colourless  gas  of  sp.  gr.  2*046  and 
possessing  an  ethereal  odour.  It  burns  with  a  highly  luminous  flame.  The 
boiling  point  of  the  liquid  is  about  i""  (33°"8  F.)  Butane  is  insoluble  in  water, 
but  freely  soluble  in  alcohol,  which  dissolves  about  18  times  its  bulk  of  the  gas 
^^  ^4°  (57°'2  F.),  giving  it  off  again,  however,  when  diluted  with  water. 

Isohutane,  pseudohutylic  hydride,  or  trimethylmethane :  CH3.CH(CH3)2, 
or  C]1{GR^^,  is  obtained  by  the  action  of  zinc  and  water  at  a  high  temperature 
on  tertiary  butylic  iodide  : 

CH3.C(CH3)J    +    Zn    +    OH2   =    CH3CH(CH3)^   +    ZnlOH. 
Some  isobutene,  C^H^,  is  also   produced  at  the  same  time,   but  this   may   be 
removed  by  passing  the  mixed  gases  through  bromine  which  only  absorbs  the 
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isobutene.  Isobutane  is  a  gaseous  body  which  at  —  17°  (i°'4  F.)  may  be  con- 
densed to  a  colourless  liquid. 

(n6o)  Pentane:  0^11^2  =  72.— The  three  compounds  C^H^g  theoretically 
capable  of  existing  are  known. 

Normal  jpentane,  amylic  hydride,  or  hutyUmethyl  :  CHg.CH^.CH^.CHg.CHg, 
or  ^^^{Cfi^)^,  is  found  in  paraffin  oil  from  cannel  and  boghead  coal,  and  in 
large  quantities  in  the  lower  boiling  portions  of  American  petroleum.  It  is  a 
mobile  colourless  liquid  boiling  between  37°  and  39°  (98°'6  and  102°' 2  F.) 

Isopentane,  isoamylic  hydride,  or  isobutyl-methyl :  CH3.CH(CH3).CH2.CH3, 
also  occurs  in  petroleum  and  may  be  prepared  by  the  following  methods  from 
the  isoamylic  compounds  obtained  from  ordinary  fermentation  amylic  alcohol. 

1.  By  the  action  of  zinc  and  water  on  the  isoamylic  iodide: 

CgH^J    +    Zn    +    OH,    =    2C,H,,   +    ZnlOH. 
Isoamylic  iodide.  Isopentane. 

2.  By  the  action  of  water  on  zinc  isoamyl : 

Zn(C,H^J,    +    2OH,    =    2C3H,,    +    ZnH^O,. 

Zinc  isoamyl.  Isopentane. 

3.  Together  with  amylene  by  heating  zinc  with  isoamylic  iodide : 

2C,H,J    +    Zn    =    C,H^,    +    C,H,„    +    Znl,. 

Isoamylic  iodide.  Isopentane.      Amylene. 

4.  It  is  also  formed  together  with  amylene  and  its  polymerides  when  isoamylic 
alcohol  is  distilled  with  zincic  chloride. 

The  amylene  formed  in  the  above  reactions  may  be  removed  from  the  mixture 
by  means  of  fuming  sulphuric  acid,  which  dissolves  the  amylene  and  leaves  the 
pentane. 

Isopentane  is  a  liquid  of  sp.  gr.  0*626  at  17°  {62°-6  F.)  which  boils  at 
30°  (86°  F.)  and  does  not  solidify  at  -24°  (-  ii°-2  F.).  It  burns  with  a 
brilliant  white  flame,  without  smoke. 

Tetramethyl-methane :  (^KJ^if^'E.^^,  or  C(CH3)^,  is  a  colourless  mobile 
liquid  boiling  at  9°'5  (49°' i  F.),  produced  by  the  action  of  zincic  methide  on 
tertiary  butylic  iodide  : 

CHg.ClCHg)^     +     Zn(CH3)2    =    CH3.C(CH3)3       +       ZnlCHg ; 

Butylic  iodide.  Zincic  methide.       Tetramethylmethane.         Zincic  iodomethide. 

and  by  the  action  of  zincic  methide  on  y-dichloropropane  (methylchloracetol)  : 
CHg.CCl^.CHg   +    Zn(CH)3   =    CCCHg),    +    ZnCl,. 

y-Dichloropropane.  Tetramethylmethane. 

It  solidifies  to  a  crystalline  mass  at  —  20°  ( —  4°  F). 

Frankland  considers  it  probable  that  the  Eupion  which  Reichenbach  obtained 
during  the  rectification  of  the  products  from  wood  tar  and  from  rape  oil,  is  a 
pentane. 

(1161)  Hexane  :  CgH^4=86. — Four  of  the  five  hexanes  theoretically 
possible  have  been  prepared  and  examined. 

Normal  hexane,  Dipropyl,  or  amyl-methyl :  CH3.CH2  CH^.CH^.CHj.CHg, 
is  a  liquid  of  density  0*6630  at  17°  (62°*6  F.)  which  boils  at  7i°*5  (i6o°-7  F.) 
It  is  formed  from  the  secondary  hexylic  iodide  obtained  from  mannite,  by  heating 
it  with  zinc  and  water,  or  by  the  action  of  zinc  and  dilute  hydrochloric  acid.  It 
may  also  be  obtained  by  decomposing  an  ethereal  solution  of  normal  propylic 
iodide  with  sodium  at  150°  (302°  F.)  : 

2CH3.CH2.CHJ  +.2Na  -  CH^.CH^.CH^.CH^.CH^.CHg    +    2NaI; 

Propylic  iodide.  Hexane. 
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or  by  exposing  the  iodide  to  the  sun's  rays  in  contact  with  mercury.  It  is 
found  also  in  paraffin  oil  and  in  petroleum, 

a-Isohexane,ethyl-lsohuiyl,  or  isoamyl-methyl :  CHg.CH(CH3).CH2.CH2.CHj. 
—On.  digesting  a  mixture  of  40  parts  of  isobutylic  iodide,  34  of  ethylic  iodide, 
and  1 1  of  sodium,  in  a  flask  connected  with  a  vertical  condenser,  so  arranged  that 
the  volatilized  products  shall  return  constantly  into  the  flask,  a  liquid  is  obtained 
which  by  fractional  distillation  yields  a-isohexane  boiling  at  62°  (i43°-6  F.). 
It  is  a  mobile  colourless  liquid  of  density  0701  at  0°  (32°  P.). 

(i-Isohexane  :  CR^.CB.^.Cn{CYL^).ClL^.C}i^  has  not  yet  been  prepared. 

Biisopropyl,  or  tetramethyl-ethane :  CH3.CH(CH3).CH(CHg).CH3  is  a  liquid 
of  sp.  gr.  0-6769  at  10°  (50°  F.)  obtained  by  the  action  of  sodium  on  au 
ethereal  solution  of  isopropylic  iodide  : 

2CH3.CH(CH3)I    +   Na,   =   CH3.CH(CH3).CH(CH,).CH,   +    2]SraI. 

Isopropylic  iodide.  Diisopropyl. 

This  y-isohexane  boils  at  58°  (i36°-4  F.). 
b-Isohexane,  or  trimethyl-ethyl-methane :  CH3.CH2.C(CH,)3  or  C(C2H5)(CH3)3, 
is  formed  by  the  action  of  zincic  ethide  on  tertiary  butylic  iodide  : 

C(CH3)3l    +    Zn(C,HJ,   =    0,H,.C(CH3)3    +    ZnlC.H,. 

Butylic  Zincic  Trimethyl-ethyl-  Zincic 

iodide.  ethide.  methane.  iodoethide. 


It  boils  between  43"  and  48°  (i09°'4  and  ii8°'4  F.). 

(1162)  Heptane:  0^11^^=  100. — Of  the  numerous  possible  hydrocarbons  of 
the  formula  C^H^g  only  three  are  at  present  knov^jn. 

Normal  Kepiane:  CHg.CH^.CH^.CH^.CH^.CH^.CHg,  is  found  in  paraffin  oil 
and  in  Pennsylvanian  petroleum  ;  it  is  also  formed  on  distilling  azelaic  acid, 
CyH^^(C00H)2,  with  excess  of  baric  oxide. 

It  is  a  liquid  boiling  at  99"  (2io°'2  F,). 

Ethyl-koamyl,  or  dimethyl-hutyl-meihane :  CH3.CH2.CH2.CH2.CH(CH3)2, 
a-Isoheptane. — This  is  prepared  by  a  method  similar  to  that  already  described  for 
a-isohexane  by  digesting  a  mixture  of  60  parts  of  ethylic  iodide  and  70  of 
isoamylie  iodide  with  1 4  of  sodium : 

CH3.CH  J+CH(CH3),.CH,.CH  J  +  2Na  -  CH3.CH,.CH,.CH^.CH(CH3),+  2NaI. 

Ethylic  iodide.  Isoamylic  iodide.  a-Isoheptane. 

By  fractional  distillation  a  liquid  is  obtained  which  boils  at  91**  (i95°*8  F.), 
and  has  a  density  of  07069  at  0°. 

Dimethyl-diethyl-methane:  CH3.CH,.C(CH3)^.CH,.CH3,  or  C(CH3)2(C^H,),, 
is  produced  by  the  action  of  zincic  ethide  on  y-dichloropropane  (methylchloracetol) ; 

CH3.CC1,.CH3    4    2Zn(C,HJ^   =   CH3.C(C,H,),.CH3    +    2ZnClC,H,. 

Y-Dichloropropane.  Zincic  ethide.  Diethyl-dimethyl-methane.     Zincic  chlorethide. 

It  is  a  colourless  liquid  boiling  at  about  86°  (i86°-8  F.).  The  heptane  boiling 
at  about  90°  (194°  F.),  which  accompanies  normal  heptane  in  petroleum,  is 
perhaps  dimethyl-diethyl-methane  (Schorlemmer,  Ghem.  Soc.  Journ.  1873,  319.) 
TriethyUmethane :  CH3.CH2.CH(CH.^.CH3).CH,.CH3  or  CK^C^M^)^,  is 
a  colourless  liquid  of  density  o  689  at  27°  (8o°'6  F.),  prepared  by  treating 
ethylic  orthoformate  with  zincic  ethide  and  sodium  (Ladenburg)  : 

2CH(0C^H^)3  +  3Zn((\H,)^  +  6Na  =  2CH(C,H^)3  +  6NaOC,H,  +  3Zn. 

Ethylic  orthoformate.       Zincic  ethide.  Triethyl-methane.      Sodic  ethylate. 

It  boils  at  96°  (204°-8  F.). 

(1 163)  Other  Paraffins.  Bihutyl :  CH3.CH,.CH,.CH,.CH,.CH^.CH^.CH3. 
—This,  the  normal  octane,  occurs  in  petroleum  and  paraffin  oil,  and  may  be  pre- 
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pared  in  the  usual  way  from  normal  octylic  iodide,  or  by  the  action  of  sodium  on 
normal  butylic  iodide,  CHg.CH^.CH^.CHgl.  It  is  also  obtained  from  methyl- 
hexyl-carbinol,  and  by  distilling  potassic  sebate  with  excess  of  potassic  hydrate : 
KJi^^^U^fi^+  2KK0  =  C^n^,-i-  2KfiO^.  It  has  a  density  of  07032  at  17' 
(62°-6  F.),  and  boils  at  123°— 125°  (253°-4— 257°  F.).  Its  isomeride, 
diisohutyl:  CH3.CH(CH3).CH,.CH^.  CH(CH3).CH3,  is  a  colourless  liquid  of 
sp.  gr.  07057,  which  boils  at  109°  (228°-2  F.).  It  is  obtained  by  the  action 
of  sodium  on  primary  isobutylic  iodide,  CH3.CH(CHg).CH2l. 

A  nonane,  CgH^g,  which  is  probably  the  normal  primary  paraffin,  has  been 
isolated  by  Thorpe  and  Young  from  the  mixture  of  hydrocarbons  obtained  on 
decomposing  solid  paraffin  by  heat  (1164);  it  boils  at  147° — 148°  (296°-6 — 
298°-4  F.),  and  has  the  sp.  gr.  7279  at  iZ^'SiS^^'S  ^0 

The  nonane  boiling  at  136° — 138°  (276'''8 — 28o''-4  F.),  which,  according 
to  Pelouze  and  Cahours,  occurs  in  petroleum,  is  undoubtedly  an  isoparaffia.  It 
has  a  sp.  gr.  of  0741  at  15°  (59°  F.).  Two  other  nonanes  are  known, 
namely,  isohutyUsoamyl :  CH3.CH(CH3).CH,.CH,.CH,.CH(CH3).CH3,  formed 
by  the  action  of  sodium  on  the  mixed  isobutylic  and  isoamylic  iodides,  and 
isohutyl-^-isoamyl :  CH3.CH(CH3)  CH2.CH(CH3).CH(CH3).CH3,  produced  in 
small  quantity  by  treating  isopropylic  iodide  with  sodium  amalgam  (Silva.  Deut. 
chem.  Ges.  Ber.  1872,  984).  They  are  both  colourless  liquids,  the  first  boiling 
at  132**  (269°-6  F.),  the  second  at  about  130°  (266*  F.). 

Normal  decane,  C^^^^,  boiling  at  1 66°— 168°  (330°-8 — 334°*4  F.)  has 
been  obtained  by  Thorpe  and  Young  from  the  mixture  of  hydrocarbons  from 
paraffin  already  referred  to. 

The  decane  boiling  at  158° — 162"  (3i6°-4 — 323°-6  F.),  found  by  Pelouze 
and  Cahours  in  petroleum,  and  another  compound  boiling  at  155° — 162''  (311° 
— 323°'6  F.),  which  is  formed  by  the  action  of  fuming  hydriodic  acid  on  turpen- 
tine at  275°  (527°  F.),  are  perhaps  isomeric  paraffins.  Diamyl  or  diisoamyl  : 
CH3.CH(CH3).CH2.CH^.CH2.CH,.CH(CH3).CH3,  is  a  colourless  oil  of  denisity 
0770,  which  boils  at  158°  (3i6°'4  F.).  It  is  prepared  in  the  usual  way  by  the 
action  of  sodium  on  isoamylic  iodide.  It  possesses  an  ethereal  odour  and  burning 
taste,  and  when  gently  heated  with  concentrated  nitric  acid  it  is  violently 
attacked,  yielding,  besides  succinic  acid,  a  liquid  which  contains  various  volatile 
acids  of  the  acetic  series. 

The  compounds  from  C^.^H^g  to  C^gHg^  have  been  obtained  from  petroleum, 
but  have,  as  yet,  been  but  little  examined.  Normal  dodecane,  C^^H^g,  boiling 
at  202°  (395°'6  F.),  is  formed  by  the  action  of  sodium  on  normal  hexylic  iodide, 
and  also  during  the  electrolysis  of  potassic  cenanthate,  CgH^g.COOK.  JPalmitane, 
the  normal  heccadecane,  C^gHg^,  or  CH3.(CH2)i^.CH3,  has  been  prepared  from 
normal  octylic  iodide.  It  crystallizes  in  white  glistening  scales,  and  melts  at 
21°  (69°-8  F.).     It  boUs  at  278°  (532°'4  F.). 

(1164)  Paraffin. — The  higher  members  of  the  paraffin  series, 
containing  more  than  l6  atoms  of  carbon,  are  solid  at  the 
ordinary  temperature,  and  constitute  commercial  '^  paraffin,^^  now 
so  largely  used  in  the  manufacture  of  candles ;  it  is  not  im- 
probable, however,  that  members  of  the  olefine  series  are  some- 
times present  in  this  mixture. 

The  following  account  of  the  production  of  paraffin  on  the 
large  scale  is  from  a  lecture  (Dec.  187:^)  by  Mr.  F.  Field,  F.R.S : 
— *^  Although  discovered  by  Reichenbach  in  1830,  who  extracted 
it  from  the  tar  obtained  by  the  dry  distillation  of  beech  wood, 
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pjiraffin  long  remained  a  chemioal  curiosity.  It  was  subsequently- 
obtained  from  vegetable  oil^  from  animal  substances,  from  pit 
coal,  and  from  sbale,  but  always  in  small  quantities ;  and  it  was 
not  until  the  year  1847  that  it  really  became  an  article  of  com- 
merce. In  that  year  the  attention  of  Mr.  James  Young  was 
directed  by  Dr.  Lyon  Plavfair  to  a  dark  liquid  oozing  from 
cracks  in  the  roof  of  a  coal  mine  near  Alfreton,  in  Derbyshire, 
and  on  distilling  this  oil  the  distillate  was  observed  to  contain 
bright  crystalline  specks,  which  proved  to  be  paraffin.  The 
manufacture  of  illuminating  oil,  and  of  paraffin  from  this  source, 
was  carried  on  by  Mr.  Young  until  the  supply  was  exhausted. 
He  was  thus  induced  to  enter  upon  a  series  of  experiments  which 
resulted  in  the  discovery  that  paraffin  was  obtainable  by  dis- 
tillation of  all  bituminous  coals,  and  in  1850  he  secured  his 
celebrated  patent  for  the  manufacture  of  paraffin.  The  material 
he  employed  was  known  as  Torbane-hill  mineral,  a  highly  bitu- 
minous shale,  which  gave  on  distillation  about  120  gallons  of  oil 
per  ton ;  this  has  recently  become  exhausted  and  now  shales, 
yielding  from  15  to  ^^  gallons  of  oil  per  ton,  according  to  quality, 
are  made  use  of.  An  idea  of  the  importance  to  which  the 
manufacture  has  attained  will  be  formed  when  it  is  stated  that 
in  Scotland  alone  there  are  now  68  oil  works,  which  together 
consume  about  782,000  tons  of  shale  annually,  and  produce 
about  21,840,000  gallons  of  crude  oil,  which  yields  in  round 
numbers  about  10,000,000  gallons  of  burning  oil,  5000  tons 
of  paraffin,  and  as  by-product  about  600  tons  of  sulphate  of 
ammonia. 

"  The  shale  is  heated  to  low  redness,  usually  in  large  iron 
retorts ;  a  considerable  quantity  of  inflammable  gas  is  given  off, 
and  more  or  less  water  passes  over  together  with  the  oil.  The 
crude  oil  thus  obtained  is  separated  from  the  water,  and  sub- 
mitted to  distillation  in  iron  retorts.  The  first  portion  which 
passes  over  is  technically  known  as  spirit  or  naphtha ;  the  next 
portion  collected,  of  higher  boiling  point,  is  the  crude  burning 
oil ;  this  is  followed  by  an  oil  of  a  still  higher  boiling  point, 
used  for  lubricating  machinery;  and  finally  the  solid  or  nearly 
solid  paraffin  distils  over,  whilst  a  carbonaceous  residue  remains 
in  the  retort.  The  naphtha  and  burning  oil  are  purified  by 
successive  treatment  with  strong  sulphuric  acid  and  soda  solution 
and  subsequent  distillation,  and  are  then  obtained  as  colourless, 
strongly  refracting,  mobile  liquids. 

"  A  variety  of  processes  are  employed  to  remove  the  oil 
which  still  adheres  to  the  crude  paraffin,  and  to  render  it  colour- 
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less.  In  some  works  it  is  pressed  in  powerful  presses — at  first 
in  the  cold  and  afterwards  at  a  gentle  lieat^  then  mixed  with 
naphtha  and  repressed,  this  operation  being  repeated  several 
times ;  finally,  it  is  dissolved  in  naphtha,  and  the  solution  filtered 
through  animal  charcoal ;  on  distilling  off  the  spirit  the  paraffin 
is  obtained  in  the  form  of  a  white  mass.  By  another  process, 
invented  by  Mr.  Sterry,  the  separation  of  the  oil  from  the 
paraffin  is  effected  by  centrifugal  force.  By  a  process  recently 
invented  by  Mr.  Fordred,  the  purification  is  accomplished  entirely 
without  the  use  of  naphtha,  and  the  manufacture  thus  rendered 
less  dangerous.  The  crude  paraffin  is  first  kneaded  in  bags  by 
machinery  in  a  warm  alkaline  liquid  ;  it  is  then  submitted  to  the 
action  first  of  sulphuric  acid  and  then  of  soda  solution,  and 
finally  it  is  heated  to  110°  (230°  F.),  and  a  quantity  of  fullers' 
earth  added,  and  well  starred  up  with  the  molten  paraffin ;  this 
absorbs  all  the  colouring  matter,  and  renders  the  paraffin  as 
white  as  snow."*' 

Messrs.  F.  Field  and  A.  Smith  have  since  introduced  artifi- 
cially prepared  magnesic  silicate,  as  a  substitute  for  fullers'  earth. 

The  mixture  of  hydrocarbons  thus  obtained  is  colourless  and 
beautifully  translucent,  melting  at  temperatures  varying  from  40° 
to  60°  (104°  to  140°  F.),  according  to  the  source  from  which  it 
was  derived.  It  is  insoluble  in  water,  but  soluble  in  boiling 
alcohol  to  the  extent  of  about  ^'^  per  cent,  of  its  weight,  sepa- 
rating out  in  great  part  on  cooling  in  crystalline  plates.  It 
is  readily  soluble  in  ether,  benzene,  oil  of  turpentine,  and 
carbonic  bisulphide,  but  its  solubility  decreases  very  rapidly  with 
the  rise  in  melting  point.  Cold  olive  oil  dissolves  it  sparingly, 
but  freely  when  heated  with  it.  Paraffin  is  an  excellent  insulator 
of  electricity.  It  does  not  dissolve  camphor,  naphthalene,  or 
pitch,  when  fused  with  them,  but  may  readily  be  mixed  with 
stearin,  spermaceti,  bees'  wax,  and  common  resin.  It  burns  with 
a  bright  smokeless  flame,  candles  made  of  it  being  as  good  as 
those  of  the  finest  wax. 

The  paraffin  isolated  by  Beichenbach  from  wood-tar  and 
particularly  from  beech-tar  comes  over  during  the  last  stages  of 
the  distillation  when  the  crude  tar  is  rectified.  At  ordinary 
temperatures  beech-wood  paraffin  is  a  hard  crystalline  white  sub- 
stance, without  either  taste  or  odour,  of  sp.  gr.  0*87,  somewhat 
brittle,  and  resembling  spermaceti  both  to  the  touch  and  in  ap- 
pearance. It  fuses  at  43°*8  C.  (110^7  F.)  to  a  colourless  oily 
liquid,  which  remains  transparent  after  solidification,  and  at  a 
higher  heat  may  be  distilled  unchanged. 
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Paraffin  is  not  altered  by  alkalies,  neither  is  it  appreciably 
acted  upon  even  by  the  strongest  sulphuric  acid,  unless  at  very 
high  temperatures.  Sealed  up  in  tubes  with  hydrochloric  acid 
gasj  and  heated  to  temperatures  varying  from  50° — 100° 
(122° — 212°  F.)  it  undergoes  no  change  of  melting  point,  and 
absorbs  none  of  the  gas.  An  aqueous  solution  of  hydrochloric 
acid  is  also  without  effect.  When  heated  or  exposed  to  sunlight 
in  contact  with  bromine  and  water  it  becomes  soft  at  the  same 
time  that  the  bromine  disappears ;  however,  all  the  bromine 
which  enters  into  the  paraffin  does  so  by  replacing  hydrogen, 
none  combining  directly  (Gill  and  Meusel).  Chlorine  acts 
similarly.  Paraffin  is  not  affected  by  hypochlorous  acid.  Ac- 
cording to  Gill  and  Meusel  [Chem.  Soc.  Journ.,  1868,  466), 
when  paraffin  melting  at  about  60°  (140°  P.)  is  boiled  with  a 
mixture  of  potassic  dichromate  and  sulphuric  acid,  it  is  gradually 
oxidized  :  a  number  of  acids  of  the  acetic  series  are  produced,  and 
amongst  others  cerotic  acid,  Cg^Hg^Og.  Dilute  nitric  acid  gives  a 
similar  result,  but  acids  of  the  succinic  series,  such  as  succinic 
and  anchoic  acid,  are  also  formed.  The  production  of  cerotic 
acid  from  paraffin  by  oxidation  is  of  considerable  importance,  as 
it  indicates  the  presence  in  that  substance  of  a  hydrocarbon  con- 
taining at  least  27  atoms  of  carbon. 

By  heating  paraffin  for  sixty  hours  at  90°  (194°  P.)  with  a 
mixture  of  strong  nitric  and  sulphuric  acid.  Champion  {Compt. 
rend.,  Ixxiv.  1575)  obtained  a  yellow  oil  to  which  he  gives  the 
formula  CggHggNgOjo. 

According  to  recent  experiments  of  Pouchet  [Compt.  rend., 
lxxix.320)  paraffin,  when  oxidized  by  gently  heating  it  with  fuming 
nitric  acid,  yields,  besides  lower  acids  of  the  acetic  series  and  their 
nitration  products,  a  new  acid  which  he  terms  paraffinic  acid  : 
Qc^JlJdc^.  It  crystallizes  from  alcohol  and  ether  in  grains,  or  on 
slow  evaporation,  in  glistening  plates,  melting  at  45° — 47° ;  it  is  a 
very  unstable  body,  being  easily  altered  by  oxidizing  agents,  and 
does  not  appear  to  exhibit  the  properties  which  characterize  the 
higher  acids  of  the  acetic  series,  although  by  composition  it  is  a 
member  of  that  series.  Pouchet  did  not  observe  the  formation 
of  cerotic  acid. 

Thorpe  and  Young  [T(oy.  Soc.  Proc,  1873,  184)  have  shown 
that  when  paraffin  is  exposed  to  a  high  temperature  in  a  closed 
vessel  it  is  almost  completely  resolved,  with  the  evolution  of  but 
little  gas,  into  hydrocarbons  which  remain  liquid  at  the  ordinary 
temperature.  This  transformation  may  easily  be  effected  on  the 
small  scale.     A  few  grains  of  ordinary  paraffin   are  sealed  up  in 
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a  piece  of  strong  combustion- tubing  bent  in  the  form  of  the 
letter  V ;  the  tube  is  securely  surrounded  by  stout  wire  gauze, 
and  the  limb  containing  the  paraffin  is  gently  heated  along  its 
entire  length  in  a  gas  combustion  furnace.  If  the  heat  is  pro- 
perly regulated,  the  paraffin  distils  over  rapidly  and  solidifies  in 
the  cold  portion  of  the  tube.  The  gas  flames  are  then  turned 
down,  the  tube  reversed,  and  the  paraffin  again  distilled.  After 
a  very  few  repetitions  of  this  process,  the  paraffin  acquires  the 
consistence  of  butter,  and  the  warmth  of  the  hand  is  sufficient  to 
liquefy  it,  whilst  after  about  a  dozen  distillations  it  remains  per- 
manently liquid. 

The  mixture  of  hydrocarbons  thus  obtained,  commences  to 
boil  at  about  18°  (64°*4  F.),  but  the  greater  portion  boils  between 
200°  and  300°  (392° — 572°  F.).  Thus  3^-  kilograms  of  solid 
paraffin  melting  at  46°  (ii4°*8  F.)  gave  about  4  litres  of  liquid 
hydrocarbons,  of  which  on  distillation,  0*3  litres  passed  over  below 
100°  (212°  F.),  I  litre  between  100°  and  200°  (2 12°  and  392°  F.), 
and  27  litres  at  200° — 300°  (392° — 572°  F.) ;  a  considerable 
quantity  of  solid  substance  (unaltered  paraffin)  remaining  in  the 
retort. 

The  paraffin,  by  this  means,  is  split  up  into  a  mixture  of  lower 
paraffins  and  hydrocarbons  of  the  CnHgn  or  olefine  series,  Thus 
from  the  fraction  below  100°,  Thorpe  and  Young  isolated  the  fol- 
lowing bodies  : 


Paraffins:  CnHgn+j. 

defines:  CnHjn, 

Pentane      .     .  Cfl^^ 

Pentylene  .     .  C^H^^ 

Hexane.     .     .  CgH^^ 

Hexylene    .      .  CgH^^ 

Heptane     .      .  C^H^g 

Heptylene  .      .  C^H^^ 

The  fraction  100° — 2co°  (212°— 

-392°  F.)  yielded  : 

Paraffins  :  CuHjn  +2- 

Olefines:  CnHjn. 

Hexane      .      .  C^H^^ 

Hexylene    .      .  CgH,, 

Heptane     .      .  C.H^g 

Heptylene  .     .  C,H^^ 

Octane  .     .     .  CgH.g 

Octylene     .     .  C^H^, 

Nonane       .     .  CgH^^, 

Nonylene   .      .  Cgll^, 

Decane  .     .     .  C\,H,, 

Decylene    .     .   C^^H^^ 

Undecane  .     .  C^jH^^ 

Undecylene     .  C^.H^^. 

The  fraction  200° — 300°  (392° — 572°  F.)  was  proved  to  be  a  mix- 
ture of  still  higher  paraffins  and  olefines. 

The  portions  of  lower  boiling-point  appear  to  be  mixtures  of 
paraffins  and  olefines  in  equal  proportions,  that  is  to  say  they  con- 
tain equal  numbers  of  molecules  of  corresponding  paraffins  and 
olefines,  but  the  proportion  of  paraffin  to  olefine  in  the  several 
mixtures  was  observed  to  become  gradually  larger  as  the  molecular 
weight  increased.  The  paraffins  obtained  belong  to  the  seiles 
of  so-called  '  normal  paraffins.^ 
3  L 
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(1165)  Bitumen,  Asphalt,  and  Fetrolevm. — Deposits  of  these  substances 
are  found  in  various  localities,  as,  for  example,  at  Trinidad,  at  Zante,  and  in 
some  parts  of  the  north  of  Italy,  and  also  on  the  borders  of  the  Caspian  Sea, 
where  petroleum  occurs  in  beds  of  marl  above  coal  measures.  Petroleum  is 
likewise  abundant  at  Rangoon,  and  in  several  other  localities  of  the  kingdom  of 
Burmah,  where  the  naphtha  is  obtained  irora  a  pale  blue  clay,  soaked  with  oil, 
which  rests  upon  roofing  slate,  beneath  which  is  coal  containing  much  pyrites. 
The  petroleum  [petri  oleum,  rock  oil)  from  the  last-named  locality  has  been 
made  the  subject  of  examination  by  De  la  Eue  and  Hugo  Miiller  [Proc.  Roy. 
Soc,  viii.  221).  It  is  obtained  by  sinking  wells  about  60  feet  deep,  in  which 
the  liquid  is  collected  as  it  oozes  from  the  soil.  At  common  temperatures  it 
has  the  consistence  of  goose  fat ;  it  is  lighter  than  water,  and  has  usually  a 
greenish-brown  colour ;  it  has  also  a  slight,  peculiar,  but  not  unpleasant  odour. 
It  is  composed  ahnost  entirely  of  volatile  constituents,  about  11  per  cent,  of 
which  come  off  below  100°  (212°  F.).  The  fixed  residue  does  not  amount  to 
more  than  4  per  cent,  if  it  be  distilled  in  a  current  of  superheated  steam.  About 
10  or  II  per  cent,  of  the  volatile  matters  consist  of  a  body  which  is  solid 
at  ordinary  temperatures,  but  fusible  at  65°  {149°  F.)  (paraffin).  When  the 
liquid  portion  is  agitated  with  sulphuric  acid,  some  of  its  constituents  enter  into 
combination  with  the  acid,  but  the  greater  part  remains  unaltered  by  this  agent. 
In  the  portion  which  combines  with  the  acid,  benzene,  toluene,  xylene,  and 
cumene  have  been  identified,  and  there  are  also  several  basic  substances  which  have 
not,  as  yet,  been  completely  examined.  The  liquid  from  which  tiie  hydrocarbons 
of  the  benzene  series  have  been  removed  by  the  action  of  sulphuric  acid,  after 
being  rectified,  constitutes  rock  oil,  or  mineral  naphtha  ;  this  liquid  requires 
about  eight  times  its  bulk  of  alcohol  for  solution,  but  is  soluble  in  all  propor- 
tions in  ether  and  in  the  volatile  oils.  Hot  naphtha  dissolves  phosphorus  and 
sulphur,  but  deposits  the  greater  portion  of  these  bodies  on  cooling.  It  also 
dissolves  caoutchouc,  camphor,  and  fatty  and  resinous  bodies  generally.  Warren 
and  Storer  {Memoirs  of  the  American  Academy,  1866,  ix.  208)  have  isolated 
from  it  a  number  of  hydrocarbons  which  they  regarded  as  members  of  the  define 
series,  viz. : 

B.  P.  (Cent.) 

Decylene  or  Rutylene  .     .     .  about  175° 

Endecylene  or  Margarylene    .       „      195° 

Dodecylene „     215° 

Tridecylene  ......       ,,235° 

Judging,  however,  from  the  boiling-points  and  specific  gravities  of  these  com- 
pounds, it  is  more  probable  that  they  are  paraffins  contaminated  with  hydro- 
carbons of  the  C^H^n-g,  or  benzene  series.  They  also  found  small  quantities 
of  naphthalene  among  the  constituents  of  Rangoon  petroleum.  Pelouze  and. 
Cahours  {Ann.  Chim.  Thys.  [4],  i.  5)  have  published  an  account  of  their  re- 
searches on  American  petroleum,  and  it  has  since  been  carefully  investigated  by 
Schorlemmer.  The  oil-wells  of  Pennsylvania  are  worked  by  boring  into  the  oil- 
bearing  strata  to  a  depth  of  from  50  to  500  feet,  and  a  mixture  of  oil  and  water 
is  raised  to  the  surface,  usually  by  pumping  ;  sometimes  the  oil  overflows  from 
the  boring.  There  is  one  of  these  wells  which  yields  more  than  7000  gallons 
of  petroleum  a  day. 

Four  products  are  furnished  for  sale  from  these  oils:  1st.  A  naphtha,  used 
extensively  as  a  solvent  instead  of  oil  of  turpentine  ;  2nd,  A  heavier  and  less 
volatile  oil,  suitable  for  illuminating  purposes  ;  3rd.  A  lubricating  oil,  used  for 
machinery ;  and  4th.  A  still  heavier  oil,  used  for  adulterating  vegetable  oils. 


Sp.  Gr. 

•823  at  0°      . 
•839  at  0°      . 
•854  at  0°      ., 
•844  at  0°      .. 
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These  oils  are  furnished  by  the  limestone  rocks  of  the  Silurian  and  Devonian 
formations. 

The  bulk  of  these  oils  consists  of  a  mixture  of  various  members  of  the  paraffin 
series,  including  thirteen  different  compounds. — Tetrane,  C^Hj^^,  being  the  lowest 
term  of  the  series,  and  hexadecane  or  palmitane,  C^gHg^,  the  highest  as  yet  isolated  ; 
the  most  abundant  of  these  compounds  is  hexane,  CgH^^,  and  the  next  in  amount 
heptane,  C^H^g. 

In  Canada  also  vast  quantities  of  petroleum  have  been  obtained,  many  of  the 
oil-wells  yielding  600  gallons  of  oil  per  day.  According  to  Sterry  Hunt  this 
oil  comes  from  the  carboniferous  limestone  which  crops  out  at  Port  Erie,  and 
crosses  the  country  to  Lake  Huron,  being  in  parts  overlaid  by  a  thick  bed  of 
shale  of  the  Hamilton  group. 

Asphalt  is  the  term  given  to  solid  bitumen.  The  bitumens  differ  in  the 
facility  with  which  they  are  attacked  by  solvents.  Generally  they  contain  but 
little  of  any  matter  soluble  in  alcohol,  but  most  of  them  are  dissolved  in  great 
part  by  ether,  and  by  oil  of  turpentine.  When  distilled  they  yield  substances 
which  resemble  the  paraffin  oils  in  properties  and  consistence. 

Haloid  Derivatives  of  the  Paraffins, 

(ji66)  The  action  of  chlorine  converts  the  paraffins  into 
chlorinated  derivatives,  one  or  more  atoms  of  hydrogen  being 
displaced  by  an  equivalent  quantity  of  the  halogen.  Bromine  in 
most  cases  attacks  them  in  a  similar,  although  less  energetic 
manner,  whilst  iodine  appears  to  have  no  action. 

In  the  preparation  of  the  monochlorinated  paraffins,  higher 
substituted  derivatives  are  always  formed  at  the  same  time,  even 
when  the  proportions  of  chlorine  and  hydrocarbon  employed 
are  exactly  those  required  by  the  equation : 

^11^211+2   +   Clg  =  C^Hgjj^iCl   4-   HCl. 

Thus,  when  a  mixture  of  equal  volumes  of  chlorine  and  methane 
is  exposed  to  diffused  daylight,  besides  monochloromethane,  CH3CI, 
more  or  less  dichloromethane,  CHgClg,  trichloromethane,  CHCl,, 
and  tetrachloromethane,  CCl^,  are  always  formed,  according  to 
the  conditions  of  the  experiment,  whilst  a  certain  quantity  of  the 
methane  remains  unattacked.  Schorlemmer,  however,  has  pointed 
out  that  in  the  case  of  the  liquid  paraffins,  the  formation  of  higher 
substituted  derivatives  may  be  almost  entirely  avoided  by  acting 
on  the  vapour  of  the  boiling  hydrocarbon  {Ann.  Chem.  Fharm., 
clxi.  263).  The  monochlorinated  paraffin,  being  less  volatile  than 
the  hydrocarbon  itself,  becomes  in  great  part  condensed  at  the 
moment  of  formation,  and  is  thus  removed  from  the  sphere  of 
action. 

(1167)  The  pure  mono-haloid  derivatives  of  the  paraffins  are 
most  conveniently  prepared  from  the  corresponding  mouohydric 
alcohols  of  the  C^Hgn+i-OH  or  ethylic  series,  by  the  act'on  of 
the  haloid  phosphorus  compounds,  or  haloid  acids ;  thus : 

l2 
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3CJI,„^,.0H 

+ 

PCI3 

=  3CnH,..iCl 

+ 

PO3H3. 

3CJI,.0H 

+ 

PCI3 

=  scji.ci 

+ 

PO3II3. 

liutylic  alcohol. 

Chlorotetrane  or 
butylic  chloride. 

CnH,„^:.OH 

+ 

HBr 

=    C^Hgn+iBr 

+ 

OH3. 

C3H,.0H 

+ 

HBr 

=   C3H,Br 

+ 

0113. 

Propylic  alcohol. 

Bromopropane  or 
propylic  bromide. 

C„H,„^i.OH 

+ 

HI 

=    C^Hgn+iI 

+ 

OH^. 

C,Hj3.0H 

+ 

HI 

=     CgHjgl 

+ 

OHg. 

Ilexylie  alcohol. 

lodohexane  or 
hexylic  iodide. 

Mono-haloid  derivatives  of  the  paraffins  are  also  produced  by 
the  combination  of  the  haloid  acids  with  the  defines  or  hydro- 
carbons of  the  C^Han  series  : 

C^H^,  +    HBr   =   C,H2,^,Br. 
C3Hg     +   HBr  =  CgH^Br. 

Propylene.  Bromopropane. 

Pure  di-derivatives  of  the  paraflBns  are  obtained  by  combining 
the  olefines  with  the  halogens  : 

C,H2„  +  Br^  =  C,H,,Br3. 

The  compounds  thus  produced  are  in  some  cases  identical 
with  those  obtained  by  the  action  of  the  halogens  on  the  isologous 
paraffins  yielding  the  olefines  employed,  and  in  others  merely 
isomeric  :  thus  the  dichlorethane,  CgH^Clg,  formed  by  the  action 
of  chlorine  on  ethane,  is  isomeric  with  the  body  produced  by  the 
combination  of  chlorine  with  ethylene,  CgH^;  whilst  the  dichloro- 
propane,  C3HgCl2,  prepared  from  propane,  is  identical  with  the 
compound  obtained  by  the  direct  union  of  chlorine  with  pro- 
pylene, CgHg. 

The  formation  of  the  higher  chlorinated  derivatives  of  the 
paraffins  is  much  facilitated  by  allowing  the  action  to  take  place 
in  sunlight,  or  in  presence  of  iodine  or  antimouic  pentachloride : 
excepting  those  derived  from  methane  and  ethane,  however,  they 
have  been  but  little  studied,  so  that  we  are  not  at  present  aware 
to  what  extent  it  is  possible  to  displace  hydrogen  by  chlorine  in 
the  more  complex  paraffins. 

The  majority  of  the  haloid  derivatives  are  colourless  liquids, 
insoluble  in  water ;  a  few  are  crystalline  solids  :  they  all  possess 
more  or  less  characteristic  odours. 
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According  to  Schorlemmer's  observations  {Ann.  Chem.  Pharm,, 
clxi.  263)  the  normal  primary  paraffins,  with  the  exception  of 
methane  and  ethane,  yield  two  isomeric  monochloro-derivatives 
when  acted  upon  by  chlorine,  one  of  which  is  convertible  into 
a  normal  primary,  the  other  into  a  normal  secondary  alcohol  of 
the  C^Hgn+i-OH  or  ethylic  series.  We  know  but  little  of  the 
behaviour  of  the  hydrocarbons  isomeric  with  the  normal  primary 
paraffins  when  treated  with  chlorine,  although  there  is  reason  to 
suppose  that  many  of  them  are  acted  on  in  a  manner  similar  to 
the  latter :  thus  Schorlemmer  and  Grimshaw  have  shown  (Jour. 
Chem.  Soc.j  1873,  3^^)  *^^^^  ethyl-isoamyl,  a  compound  isomeric 
with  normal  heptane,  C^H^g,  yields  two  isomeric  monochloro- 
derivatives  under  these  circumstances. 

Our  knowledge  of  the  physical  properties  of  the  mono-haloid 
derivatives  of  the  paraffins,  such  as  their  boiling-points,  and  sp.  grs. 
in  the  liquid  state,  is  extremely  imperfect,  for  excepting  in  the 
case  of  those  prepared  from  the  lower  terms  of  the  primary 
alcohols  of  the  ethylic  series,  the  comparison  has  been  made  with 
very  small  quantities  of  material,  the  purity  of  which,  moreover, 
had  often  not  been  satisfactorily  established.  In  the  following 
table  (p.  150)  the  boiling-points  (Centigrade)  and  specific  gravities 
of  the  better-known  mono-haloid  paraffin  derivatives  are  given, 
those  classed  as  a-compouods  being  either  derived  from,  or  con- 
vertible into,  normal  primary  alcohols  of  the  C^Hgn+i-OH  or 
ethylic  series ;  whilst  those  classed  as  j3-compounds  are  correspond- 
ingly related  to  the  normal  isoprimary  alcohols  of  that  series. 

From  an  inspection  of  this  table  it  is  evident  that  the  rela- 
tions between  the  homologous  and  isomeric  mono- haloid  deriva- 
tives of  the  paraffins  are  of  the  same  nature  as  those  which  exist 
amongst  the  paraffins  themselves.  It  will  be  observed  that  the 
difference  in  boiling-point  between  every  two  successive  homo- 
logues  diminishes  as  the  series  is  ascended,  also  that  the  primary 
or  a-derivative  has  a  higher  boiling-point,  and  in  most  (probably  in 
all)  instances  a  higher  specific  gravity  than  the  isomeric  /3-deriva- 
tive  ;  in  all  cases,  moreover,  where  a  greater  number  of  isomeric 
monohaloid  derivatives  are  known,  a  similar  relation  obtains. 
It  is  a  noteworthy  circumstance,  and  one  which  clearly  illustrates 
the  correlation  undoubtedly  existing  between  the  physical  and 
chemical  properties  of  compounds,  that  as  the  boiling-point  and 
specific  gravity  of  the  successive  terms  in  the  isomeric  series 
diminish,  the  compounds  become  less  stable ;  for  example,  the 
members  of  lowest  boiling-point   are  split  up  with  comparative 
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[1167. 


ease  (in  some  cases  even  by  simply  heating  to  a  moderate  degree) 
into  the  olefine  and  haloid  acid,  thus : 


CnH2n  +  lI        =        ^'nH 


=    an 


2n 


C^Hnl 


lodopentane  from 
P-araylene  and  hydriodic  acid. 


10 

Pentene  or 
amyleue. 


HI; 
HI; 


whilst  those  of  highest  boiling-point  are  far  less  readily  decom- 
posed. Moreover,  the  haloid  derivatives  of  high  boiling-point 
enter  into  double  decomposition  less  readily  than  their  isome- 
rides  of  lower  boiliug-point,  a  higher  temperature,  or  more  pro- 
longed contact  between  the  substances  being  required  to  effect 
the  chemical  change. 


a-Compounds. 

/3-Compounds. 

Formula. 

B.  P. 

Specific  Gravity. 

Observer. 

B.  P. 

Specific  Gravity. 

Observer. 

CH3CI.    . 

0 
—  33 

0 

C2H5CI     . 

I3-I8 

•917  at   8° 

Linnemann  * 

C3H7CI.    { 

46-40 
46-50 

•895  at  19° 
-915  at  0°  -891  at  i9°-75 

Pierre- 
Puchot.t 

CJIgCl.     1 

77-96 

-897  at  14° 

Linnemann. 

68-5 

•879  at  15° 

Linnemann. 

78-30 

-907  at  0°  -887  at  30^ 

Lieben.J 

69  0 

•80^  at  0° 

Pierre. 

CsHnCl.  . 

"7-35 

•901  at  0°  -883  at  3o° 

i> 

103 

•895  at  o'* 

» 

CHsBr.    . 

^3 

C.HsBr     . 

38-78 
70-83 

1-468  at  i3°-5 
1-357  at  16° 

Linnemann. 

C3H7Br     ■ 

70-50 
72-00 

1-353  at  16° 
1-349  at  0° 

Chapman  § 
Pierre. 

C.H^Br     { 

99-88 

1-299  at  20° 

Linnemann. 

92*33 

1-203  at. I 6° 

Linnemann. 

101  00 

1-305  at  0°  1-279  at  20° 

Lieben. 

9050 

1-249  at  0° 

Pierre. 

C,HuBr   . 

139-46 

1-246  at  0°  1-223  at  30° 

.. 

13I-00 

1-317  at  16° 

Chapman. 

CH3I    .    . 

43-8 

3-3  at  0" 

Pierre. 

C2H5I  .    . 

72-34 

1-944  at  14°-^ 

Linnemann. 

CsH,I  .    { 

103-18 
102-50 

1-747  at  16° 
1-734  at  16° 

Chapman. 

C.HsI    .   I 

129-83 

1-580  at  i3' 

Linnemann. 

130-61 

1-608  at  i9°-5 

Linnemann. 

13040 

1-643  at  0°  I  613  at  3o° 

Lieben. 

122-50 

1-634  at  0° 

Pierre. 

C5H11I      . 

156-16 

1-543  at  0°  I -5 1 7  at  30° 

" 

146—147 

1-511  at  11° 

Franklaud. 

*  Linnemann,  Ann.  Chem.  Pharm.,  clx.  195  ;  clxi.  15,  175;  clxii.  16. 

t  Pierre  and  Puchot,  Ann.  Chem.  Pharm  ,  clxiii.  253. 

X  Lieben  and  Rossi,  Ann.  Chem.  Pharm.,  clviii.  137;  Jour,  pr,  Chem. 
[2],  iii.  455- 

§  Chapman  and  Smith,  Jour.  CJiem.  Soc,  xxii.  ig$,  198. 

The  boiling-points  given  by  Linnemann  are  corrected  for  the  portion  of  the 
column  of  mercury  in  the  thermometer  which  was  not  exposed  to  the  vapour  of 
the  boiling  liquid,  and  are  all  referred  to  the  same  pressure  (760  mm.  of  mercury 
at  0°).  Lieben  and  Rossi's  original  numbers  are  also  corrected  for  the  unex- 
posed mercury  column  in  the  thermometer,  and  the  pressure  at  which  the 
experiment  was  made  is  given  ;  in  order,  therefore,  to  render  their  observations 
comparable  with  Linnemann's,  they  have  been  reduced  by  his  formula  to  the 
same  pressure  of  760  mm.  of  mercury  at  0°. — Eds. 
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(11 68)  Haloid  derivatives  of  Methane. — The  following  com- 
plete series  of  haloid  derivatives  of  methane  has  been  obtained  : 


Monochloromethane  or  methylic  chloride  .     , 

CH3CI 

CH3Br 

CH3I 

Dichloromethane  or  methylenic  chloride   . 

CH,C1, 

CH.Br, 

CHJ, 

Trivihloromethane  or  chloroform       .... 

CHCI3 

CHBr3 

CHL 

Tetrachloromethaue  or  carbonic  tetrachloride  . 

CCl, 

CBr, 

CI, 

(1169)  Monochloromethane,  or  methylic  chloride:  CHgCl 
=  50*5,  is  formed  along  with  other  products  when  a  mixture  of 
equal  volumes  of  methane  and  chlorine  is  exposed  to  diffused 
daylight ;  but  it  is  most  conveniently  prepared  in  a  pure  state  by 
passing  a  current  of  hydrochloric  acid  into  a  boiling  solution  of 
zincic  chloride  in  twice  its  weight  of  methylic  alcohol,  CH3.OH, 
or  wood-spirit,  when  it  is  given  off  as  a  colourless  gas  (Groves, 
Jour.  Chem.  Soc,  xxvii.  641).  When  passed  into  water  cooled 
below  6°  (43°* 8  F.),  methylic  chloride  forms  a  crystalline  hydrate 
(Baeyer). 

(1170)  DiCHLOROMETHANE,  Of  methylenic  chloride  :  CHgClgSs 
85,  is  formed  together  with  tri-  and  tetrachloromethane  by 
acting  upon  monochloromethane  with  chlorine  in  bright  sunshine ; 
it  may  be  separated  by  fractional  distillation  (Perkin,  Jour, 
Chem.  Soc. J  xxii.  1869,  260).  Perkin  has  also  obtained  it  from 
trichloromethane  or  chloroform,  CHCI3,  by  the  action  of  nascent 
hydrogen ;  it  is,  however,  most  advantageously  prepared  by 
treating  diiodomethane,  CHgIg,  with  chlorine  (Butlerow,  Zei^^. 
Chem.,  1869,  2>y6).  It  is  a  colourless  mobile  liquid,  which  boils 
at  40^—42°  (ro4°— io7°-6  F.)  ;  sp.  gr.  7-36  at  0°  (32°  F.). 

(1171)  Trichloromethane,  or  C/^/orq/brm ;  CHCl3=ii9-5. — 
This  interesting  compound  is  produced  by  a  variety  of  reactions : 

1.  Together  with  tetrachloromethane,  when  chlorine  is  made 
to  act  upon  methane,  chloromethane,  or  dichloromethane. 

2.  During  the  decomposition  of  the  trichloracetates  by  the 
alkaline  hydrates  : 

CCI3COOK   +    KHO  =  CCI3H   +   K2CO3. 

Potassic  trichloracetate.  Trichloromethane. 

3.  Also  by  the  action  of  the  alkaline  hydrates  on  trichlor- 
acetic aldehyde  or  chloral  : 

CCI3COH     +     KOH      =     CCI3H     4-     HCOOK. 

Chloral  '  Trichloromethane.         Potassic  formate. 

4.  It  is,  however,  most  economically  obtained  by  acting  upon 
dilute  alcohol  with  chloride  of  lime  (bleaching  powder).     Wood 
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spirit,  acetone,  oil  of  turpentine,  and  many  essential  oils,  likewise 
yield  it  when  treated  with  chloride  of  lime.  Chloroform  is 
readily  procured  in  a  state  of  purity  by  the  following  process  : — 
6  parts  of  chloride  of  lime,  24  parts  of  water,  and  i  part  of 
alcohol,  are  to  be  mixed  in  a  capacious  still,  and  the  temperature 
raised  as  rapidly  as  possible  till  it  reaches  82°  (180°  F.).  The 
distillation  is  then  to  be  continued  until  about  one  and  a  half 
parts  have  passed  over ;  the  product,  consisting  chiefly  of  chloro- 
form and  water,  collects  in  two  layers  in  the  receiver — 
the  chloroform  constituting  the  lower  layer.  It  should  be 
decanted  from  the  aqueous  portion,  and  agitated  with  sulphuric 
acid  in  order  to  destroy  traces  of  volatile  oils  which  accom- 
pany it :  by  another  rectification  it  is  obtained  in  a  state  of 
purity. 

Chloroform  is  a  colourless,  volatile  liquid,  of  high  refracting 
power  and  sp.  gr.  1*497.  It  boils  at  61°  (142°  R).  It  has  a 
powerful  agreeable  ethereal  odour,  and  a  sweet  penetrating  taste. 
Alcohol  and  ether  dissolve  it  in  every  proportion,  but  it  is  very 
sparingly  soluble  in  water.  Concentrated  sulphuric  acid  has  no 
action  upon  it,  and  even  potassium  does  not  occasion  its  decom- 
position. It  is  inflamed  with  difficulty,  and  burns  with  a 
greenish  somewhat  smoky  flame,  producing  hydrochloric  acid  as 
well  as  carbonic  anhydride  and  water.  By  admixture  with  an 
alcoholic  solution  of  potassic  hydrate  it  is  decomposed,  potassic 
chloride  and  formate  being  produced  : 

CHCI3   +  4KH0  =   HCO.OK  +   aOHg   +   3KCI. 

Chloroform.  Potassic  formate. 

An  aqueous  solution  of  potassic  hydrate  does  not  produce  this 
change,  owing  to  the  sparing  solubility  of  cliloroform  in  water. 

The  vapour  of  chloroform  possesses  the  remarkable  power  of 
producing  complete  temporary  insensibility  to  pain  in  the  person 
who  has  respired  it.  It  may  be  readily  inhaled  for  this  purpose 
by  placing  a  small  quantity  of  the  liquid  upon  a  sponge  or  a 
handkerchief  which  is  to  be  held  before  the  mouth  and  nostrils  : 
it  is  very  generally  employed  for  rendering  patients  insensible 
to  pain  during  severe  surgical  operations. 

It  is  of  great  importance  that  the  chloroform  used  for  this 
purpose  should  be  quite  pure.  In  some  cases,  when  impure,  it 
has  been  found  to  undergo  spontaneous  decomposition  on  ex- 
posure to  a  strong  light.  It  ought  to  communicate  no  colour 
to  sulphuric  acid  when  agitated  with  it.  The  liquid  itself  should 
be  free  from  colour,  and  destitute  of  any  chlorous  odour.      Wheu 
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a  few  drops  are  allowed  to  evaporate  on  the  hand^  no  unpleasant 
odour  should  be  left. 

Chloroform  freely  dissolves  sulphur,  phosphorus^  and  iodine. 
It  is  also  a  good  solvent  for  fatty  and  resinous  bodies.  No  other 
liquid  is  so  perfect  a  solvent  for  caoutchouc,  which  is  left  un- 
altered by  it  on  evaporation. 

(117:2)  Tetrachloromethane,  or  carbonic  tetrachloride :  CCl^ 
=  154. — This  substance  was  obtained  by  Regnault  from  wood- 
spirit  and  from  chloroform,  by  exposing  them  in  bright  sunshine 
to  the  action  of  an  excess  of  chlorine.  Kolbe  also  found  that  a 
mixture  of  the  vapour  of  carbonic  bisulphide  and  dry  chlorine, 
when  passed  through  a  red  hot  porcelain  tube  yields  the  same  com- 
pound mixed  with  chloride  of  sulphur  :  080  +  3012  =  0014  +  82012; 
it  is  also  obtained  mixed  with  chloride  of  sulphur,  on  pass- 
ing chlorine  into  a  mixture  of  carbonic  bisulphide  and  anti- 
monic  chloride,  or  a  warm  solution  of  iodine  in  the  bisulphide, 
and  may  be  readily  prepared  in  this  manner.  If  the  mixture  be 
distilled  and  the  first  portions  of  the  distillate  agitated  with  a 
solution  of  potassic  or  sodic  hydrate,  the  chloride  of  sulphur 
is  decomposed,  and  the  tetrachloride  subsides ;  it  may  then 
be  decanted  and  purified  by  distillation.  It  is  a  colourless 
liquid  of  sp.  gr.  1*599,  and  boils  at  78°  (i72°*4  F.)  ;  it  is  insoluble 
in  water,  but  soluble  in  alcohol  and  in  ether ;  an  alcoholic  solu- 
tion of  potassic  hydrate  decomposes  it  into  potassic  chloride  and 
carbonate  ;  6KH0  +  00i4=4K01  +  K2OO3  +  3OH2.  If  its  vapour, 
diluted  with  air,  be  respired  it  exerts  an  anaesthetic  action  on 
the  system.  Tetrachloromethane  becomes  a  crystalline  solid  of 
pearly  lustre,  when  exposed  to  a  temperature  of  about  —23° 
(  —  9°  F.).  If  passed  through  red-hot  tubes  it  is  decomposed  into 
free  chlorine  and  a  mixture  of  tetrachlor ethylene,  OgOl^  and 
hex achlor ethane  or  Faraday^s  sesquichloride  of  carbon,  OgOlg. 
By  the  action  of  nascent  hydrogen,  tetrachloromethane  may  be 
converted  successively  into  tri-,  di-,  and  monochloromethane,  and 
finally  into  methane  itself. 

(1173)  MoNOBROMOMETHANE,  or  methylic  bromide:  CH3'Br=95. — This 
compound  is  formed  by  the  action  of  the  bromides  of  phosphorus,  or  of  hydro- 
broraio  acid,   on  methvlic  alcohol ;  it  is  a  colourless  liquid  which  boils  at  1 3° 

(55°-4  i^). 

DiBKOMOMETHANE,  or  methylenic  bromide:  CYi^r^^i)^,  is  produced 
on  heating  monobromomethane  with  bromine  in  sealed  tubes  for  3 — 4  hours  at 
about  250°  (482°  F.)  (Steiner,  i)ew^.  chem.  Ges.  J5er.,  vii.  507);  and  also 
by  the  action  of  bromine  on  di-  and  tri-iodomethane.  It  boils  at  80° — 82° 
(176°— 179°-6  F.);  sp.  gr.  2  084  at  ii°-5  (52"-7  F.). 

Teibeomomethane,  or  bromoform :  CHBr3=253. —  This  compound  is 
obtained  on  heating  bromomethane  with  the  requisite  quantity  of  bromine  at 
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250**  (482"  F.)  (Steiner) ;  also  by  the  decomposition  of  bromal,  C^HBi-jO,  by 
alkalis;  and  on  distilling  alcohol  with  bromide  of  lime.  It  boils  at  150^ 
(305°'^  F.),  but  is  at  the  same  time  partially  decomposed;  its  sp.  gr.  is  2*9. 

Teteabbomomethane,  or  carbonic  tetrahromide  :  CBr^  =  332. — Carbonic 
tetrabromide  is  formed  on  heating  bromoform  or  carbonic  bisulphide  with  excess 
of  bromine,  in  tlie  presence  of  Iodine  or  antimonic  bromide,  for  several  hours  at 
150°  (302°  F.)  in  sealed  tubes.  It  is  most  readily  obtained,  however,  by 
decomposing  bromopicrin,  CHr3(N02),  by  heat.  It  crystallizes  in  white  lustrous 
plates,  which  melt  at  91°  (i95°-8  F.) ;  it  boils  at  i89°-5  (373°-!  F.),  but 
when  distilled  under  the  ordinary  pressure  undergoes  slight  decomposition. 
Carbonic  tetrabromide  has  an  ethereal  odour  and  sweetish  taste ;  it  is  very 
soluble  in  hot  alcohol,  ether,  and  carbonic  disulphide.  (Bolas  and  Groves,  Jour. 
Chem.  Soc,  i8;o,  xxiii.  161  ;  187 1,  xxiv.  773.) 

(i  1 74)  loDOMETHANE,  or  methylic  iodide :  CHJ.  =  142,  is  best  prepared  by 
gradually  adding  7  parts  of  amorphous  phosphorus  to  a  mixture  of  100  of 
iodine  and  50  of  methylic  alcohol  contained  in  a  retort  or  flask  immersed  in  cold 
water  and  connected  with  a  condenser.  The  product  is  distilled,  agitated  with 
water,  then,  after  separation  from  the  latter,  dried  over  calcic  chloride,  and 
finally  rectified.  It  is  a  colourless  mobile  liquid,  of  peculiar  ethereal  odour,  in- 
soluble in  water,  boiling  at  42°  (io7°'6  F.),  andhasasp.gr.  of  2'2  at  0^(32°  F.). 

DiiODOMETHANE,  or  metJiylenic  iodide  :  CH^I^^  268. — This  compound  is 
formed  on  boiling  iodolorm  with  an  aqueous  solution  of  potassic  hydrate  and  a 
little  alcohol,  and  comes  over  with  the  aqueous  vapour.  It  is  also  produced  by 
heating  iodoform  with  hydriodic  acid  (Lieben)  :  CHI3  +  HI  =  CHglj  +  \.  The 
best  method  of  preparation,  however,  is  that  of  Baeyer  {Deut.  chem.  Ges. 
Her.,  V.  1095),  who  digests  the  iodoform  with  aqueous  hydriodic  acid,  adding 
phosphorus  in  small  pieces  from  time  to  time.  When  pure  it  is  a  colourless 
liquid,  which,  however,  rapidly  becomes  yellow.  It  boils  at  181°  (357°*8  F.).  and 
solidifies  at  0°  (32°F.)  to  a  colourless  crystalline  mass  which  melts  at  6'^  (42°'8  F.) ; 
its  sp.  gr.  at  5°  (41='  F.)  is  3-342. 

Teiiodomethane,  or /orfo/br^j ;  CHl3  =  394. — Iodoform  is  a  product  of 
the  action  of  iodine  in  presence  of  potassic  or  sodic  hydrate  or  carbonate  on 
ethylic  alcohol,  aldehyde,  acetone,  and  many  other  substances.  According  to 
Lieben,  however,  who  has  examined  the  behaviour  of  various  bodies  with  iodine 
and  potassic  hydrate  {Ann.  Chem.  Pharm,  Sup.,  7,  281),  methylic  alcohol  does 
not  yield  iodoform.  To  prepare  it,  I  pt.  of  alcohol  is  added  to  a  solution  of  2  pts. 
crystallized  sodic  carbonate  in  10  pts.  water,  and  the  liquid  heated  to  60°  or  80  , 
(140" — 176°  F.) ;  I  pt.  of  iodine  is  then  added  by  small  portions  till  it  is  entirely 
dissolved,  and  the  liquid  has  become  colourless.  Towards  the  end  of  the  opera- 
tion the  iodoform  makes  its  appearance,  and  is  separated  by  filtration.  The 
filtrate  is  then  again  heated  to  60° — 80°  (140°—  176°  F.) ;  another  portion  of 
sodic  carbonate,  equal  to  the  former,  is  dissolved  in  it ;  a  fresh  portion  of  alcohol  is 
now  added,  and  a  current  of  chlorine  is  passed  into  the  liquid,  which  must  be  con- 
tinually agitated,  so  that  the  iodine  which  separates  may  mix  well  with  it.  When 
the  process  is  so  conducted  that  a  slight  excess  of  iodine  is  always  present 
iodoform  is  produced  in  abundance.  When  a  considerable  quantity  has  been 
deposited,  the  stream  of  chlorine  is  interrupted,  the  liquid  is  left  to  decolorize, 
and  the  iodoform  is  filtered  off;  after  which  the  mother  liquor  may  be  again 
treated  with  chlorine.  Iodoform  has  a  peculiar  odour,  and  crystallizes  in  pale 
yellow  nacreous  scales,  which  under  the  microscope  are  seen  to  be  six-sided 
plates,  it  is  not  perceptibly  soluble  in  water,  but  dissolves  readily  in  alcohol  and 
ether.  It  melts  at  120°  (248''  F.),  and  is  decomposed  at  a  higher  temperature. 
Teteaiodomethane,  or  carbonic  tetr iodide :  CI^=520. — Gustavson 
{^Ann.  Chem.  Pharm.,  clxxii.    173),  has  recently  obtained  this  compound  by 
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adding  tetrachloromethane  to  alurainic  iodide,  Al^Ig,  dissolved  in  carbonic 
bisulphide.  It  crystallizes  in  regular  oetahedra  of  a  dark  red  colour,  of  sp.  gr. 
4*32  at  20°'2  (68°*4  F.).  Boiled  with  water  it  yields  iodoform,  and  when 
heated  alone  it  is  decomposed  with  liberation  of  iodine. 

(11 75)  Haloid  Derivatives  of  Ethane. — All  the  chloro- 
derivatives  of  this  hydrocarbon  are  known,  but  the  corresponding 
bromine  and  iodine  compounds  have  been,  as  yet,  but  imperfectly 
examined. 

(i  1 76)  MoNOCHLORETHANE,  or  ethylic  chloride:  CgHgClrr:  64*5; 
CHg.CHgCl. — Monochlorethane  is  the  first  product  of  the  action 
of  chlorine  in  diffused  daylight  on  ethane  (Schorlemmer,  Proc. 
Roy.  Soc.y  xiii.  225;  Darling,  Jour.  Chem.  Soc,  1868,  xxi.  496);  and 
it  is  also  obtained  by  saturating  ethylic  alcohol  with  hydrochloric 
acid,  and  then  distilling  the  product  at  a  gentle  heat.  The 
most  advantageous  method  of  preparation,  however,  is  to  pass  a 
current  of  gaseous  hydrochloric  acid  into  a  boiling  solution  of 
fused  zincic  chloride  in  about  twice  its  weight  of  alcohol.  The 
vapour  of  the  chloride,  after  being  washed  by  water,  is  passed 
into  alcohol,  kept  cool  by  surrounding  it  with  cold  water.  As 
alcohol  at  16°  (6o°*8  F.)  dissolves  half  its  weight  of  the  chloride, 
this  solution  may  be  preserved  in  an  ordinary  bottle,  and  the 
chloride  expelled  when  required  by  gently  heating  it ;  after  being 
washed  with  concentrated  sulphuric  acid  it  is  quite  pure.  (Groves, 
Jour.  Chem.  Soc,  1874,  xxvii.  6-^6.)  Monochlorethane  is  readily 
condensed  to  a  colourless  mobile  liquid,  of  a  pleasant  ethereal 
odour,  which  boils  at  I2°i8  (53^*92  F.).  It  burns  with  a  brilliant 
flame  edged  with  green,  and  when  passed  through  a  red-hot  tube, 
it  is  decomposed  into  ethylene  and  hydrochloric  acid  :  C2H5C1  = 
CgH^  4-  HCl.  It  is  sparingly  soluble  in  water ;  the  solution 
gives  no  precipitate  with  argentic  nitrate.  When  heated  with 
an  alcoholic  solution  of  potassic  hydrate  in  a  closed  tube  at  100° 
(212°  F.),  it  is  converted  into  ethylic  ether  :  2C^H5.C1  +  2KH0  = 
(C2H5)20  +  2KCl-f  OHg  (Balard);  but  if  the  vapour  be  passed 
over  heated  potassic  hydrate,  ethylene  is  obtained  :  CgHgCl  +  KHO 
=  C2H,-hKCl  +  OH2. 

DiCHLOEETHANE  :  C^H^Clj  =  99- — Two  isomeric  dichlorethanes  are  known  ; 
o-dichloretkane,  or  ethylenic  chloride,  obtained  by  combining  ethylene,  C^H^, 
with  chlorine  (vid  ethylene);  and,  ^-dichlor ethane,  or  ethylidenic  chloride, 
produced  by  acting  on  monochlorethane  with  chlorine,  and  also  by  treating 
aldehyde  with  phosphoric  pentachloride  : 

CH3.COH    +    PCI,    =    CH3.CHCI,    +    POCI3. 

Aldehyde.  Ethylidenic  chloride. 

Both  are  colourless  mobile  liquids,  of  an  agreeable  ethereal  odour.  The 
continued  action  of  chlorine  on  these  dichlorethanes  gives  rise  to  isomeric  tri-  and 
tetrachlorethaues ;  these,  however,  yield  the  same  penta-  and  hexachlorethane  on 
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further  treatment  with  chlorine.  The  following  is  a  list  of  the  known  chlo- 
rinated derivatives  of  ethane,  together  with  their  boiling  points  (Centigrade) 
and  specific  gravities  (Staedel,  Zeits.  Chem.,  1871,  197,  513): 

CHj.CH^Cl. 

Monochlorethane  (Elhylic  chloride). 
B.P.  I2°-l8. 

CHp.CH.Cl.  CH3.CHCI,. 

a-Diehlorethane  |3-Dic'hlorethane 

!  (Ethylenic  chloride).  (Ethylidenic  chloride). 

BP.  84°;  s.G.  i"256  at  12**.  B.P.  60°;  s.G.  i'i'j4  at  17°. 

CH^CI.CHCl^.  CH3.CCI,. 

a-Trichlorethane.  ^-Trichlorethane. 

B.P.  115°;  S.G.  1-422  at  17°.  B.P.  75°;  S.G.  T'372  at  0°. 

cHa3.cHci,.  cH,ei.cci3. 

a-Tetrachlorethane.  ^-Tetrachlorethane. 

B.P.   147'';    S.G.   1-614  at  0°.  B.P.   I27°'5;    S.G.  ? 

CHC1,.CC1,. 

Pentaehlorethane. 
B.P.   158°. 

CC13.CC13. 

Hexachlorethane. 

Melts  at  226°;  B.P.  331°. 

(1177)  MoNGBROMETHANE,  or  e/%/k  5rowic?e  ;  C2H.Br=i09. 
— This  compound  is  obtained  in  a  state  of  great  purity  by  mixing 
etliylic  alcohol  with  phosphorus  bromide:  3C2H5.OH  +  PBr.3  = 
3C2H5Br  +  H3PO3 ;  but  it  is  more  conveniently  prepared  by  adding 
slowly  4  parts  of  bromine  to  a  mixture  of  45  parts  of  ethylic 
alcohol  and  4  of  amorphous  phosphorus,  contained  in  a  retort  or 
flask  connected  with  an  inverted  condenser,  care  being  taken  to  keep 
the  mass  cool.  When  the  whole  of  the  bromine  has  been  added, 
the  bromethane  is  distilled  off  on  the  water- bath,  and  agitated, 
first  with  a  weak  alkaline  solution,  and  then  with  water ;  it  is 
afterwards  separated  from  the  water,  and  placed  in  contact  with 
sticks  of  potassic  hydrate,  or  pieces  of  calcic  chloride,  and  finally 
distilled.  Bromethane  is  also  produced  by  the  action  of  hydro- 
bromic  acid  on  ethylic  alcohol.  It  is  a  colourless,  mobile  liquid, 
of  ethereal  odour,  boiling  at  41°  (i05°8  F). 

(1 1 78)  DiBEOMETHANK  :  C^H^Br^  =  188.— Two  isomeric dibromethanes  cor- 
responding to  the  two  isomeric  dichlorethanes  are  known,  viz. — a-Dibrome- 
thane,  or  ethylenic  bromide,  boiling  at  129°  (264°*2  F.),  prepared  by  passing 
ethylene  into  bromine  (vid.  ethylene);  and  fi-dibrom-ethane, or  ethylidenic  bromide, 
boiling  at  110° — II2^  (230° — 233°  6  E.),  formed  on  heating  monobromethaue 
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with  bromine  to  170°  (338°  P.),  or  by  treatin;^  aldehyde  with  phosphoric  penta- 
bromide  or  trichlorodibromide  {Jour.  Chem.  Soc,  1872,  xxv.  233). 

A  number  of  the  higher  brominated  ethanes  have  been  obtained  from  ethyle- 
nic  bromide  {vid.  haloid  derivatives  of  ethylene). 

(1179)  loDETHANE,  or  etliylic  iodide  :  031151=156. — In 
order  to  prepare  this  compound,  70  parts  of  ethylic  alcohol  and 
7  parts  of  amorphous  phosphorus  are  placed  in  a  retort_,  the  bulb 
of  which  is  immersed  in  cold  water,  its  neck  being  connected  with 
an  inverted  condenser;  100  parts  of  iodine  are  then  gradually 
added  through  the  tubulure  of  the  retort,  and  the  mixture  agitated 
after  each  addition  of  iodine.  When  the  reaction  has  terminated, 
the  liquid  is  distilled  by  the  heat  of  a  water-bath;  the  distillate 
should  be  then  washed  with  weak  alkali  and  water,  digested  on 
calcic  chloride,  and  re-distilled.  The  reaction  which  occurs  during 
this  operation  may  be  thus  represented  : 

I2C,H,.0H   +    2P    4-    5T,   =    loC^HJ    +   4OH,    +    2C,KH^P0,. 

■Fthvlif.  alonhol  Ethylic  iodide  Ethjlie 

Ethj lie  alcohol.  ^j.  iodethane.  dihydric  phosphate. 

Ethylic  iodide  is  a  colourless  liquid  when  freshly  prepared,  but 
it  soon  undergoes  a  partial  decomposition,  and  becomes  brown 
from  the  liberation  of  iodine.  It  boils  at  "J^^'^  {i6^°-^  F.),  and 
at  0°  {^1°  F.),  has  the  sp.  gr.  1*97.  When  heated  with  water 
to  150°  (302°  F.)  in  a  sealed  tube,  it  becomes  decomposed  into 
ordinary  ether  and  hydriodic  acid  (Frankland) ;  according  to 
Hofmann,  if  boiled  with  water  and  argentic  oxide,  alcohol  and 
argentic  iodide  are  produced  : 

aC^H.I  +  AggO  =    2C2H5.OH    +   2AgI; 

and  Wurtz  finds  that  when  the  anhydrous  iodide  is  heated  in  a 
sealed  tube  with  argentic  oxide,  argentic  iodide  and  ordinary 
ether  are  formed  with  facility  : 

aC^H.I  +   Ag^O  =  (C^H^),©  +  2AgI. 

If  a  mixture  of  equivalent  quantities  of  m ethylic  iodide  and 
ethylic  iodide  be  treated  with  argentic  oxide,  methyl-ethyl  ether 
CH3.O.C2H5  is  produced. 

Both  the  bromide  and  the  iodide  of  ethyl  have  been  exten- 
sively employed  for  the  preparation  of  substitution-compounds 
containing  ethyl ;  and  it  was  by  decomposing  ethylic  iodide  in  a 
sealed  tube  by  means  of  zinc,  that  Frankland  succeeded  in 
isolating  the  hydrocarbon  known  as  diethyl  or  tetrane. 

(1180)  loDOCHLOEETHANE  :        CaH^ClI  =  190*5,     and     lODOBROMETITANE  : 

C2H^BrI  =  235,  are  produced  when  ethylene  is  passed  into  a  solution  of  iodine 
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chloride,  or  bromide  (Maxwell  Simpson,  Proc.  "Roy.  /Soc,  xii.  278;  xxii.  51). 
The  former  is  an  oily  liquid,  boiling  at  145°  (293°  F.),  The  latter  is  a  solid 
at  the  ordinary  temperature,  which  melts  at  28°  (82°'4  F.),  and  boils  at  162° 
— 167°  {Z'^T)''^ — 332°'6  F.)  ;  an  isomeric  body,  boiling  at  144° — 147° 
(29i°"2 — 296°'6  F.),  is  formed  by  exposing  broraethylene  or  vinylic  bromide, 
CH.  =CHBr,  to  the  action  of  hydriodio  acid  (Pfaundler,  Reboul). 

(11 81)  DiiODETHANE  :  Q,^}.^=1']^. — a-DUodethane,  ot  ethyleiiic  iodide, 
CHgl.  CHjI,  is  produced  when  ethylene  is  passed  into  a  pasty  mixture  of 
alcohol  and  iodine.  It  is  a  white  crystalline  substance.  ^-Diiodethane  or  ethy- 
lidenic  iodide,  CHj.CHI^,  is  formed  by  the  action  of  aluminic  iodide  on 
/3-dichlorethane  (Gustavson) ;  it  is  a  liquid  boiling  at  180°  (356°  F.).  According 
to  Berthelot,  acetylene,  C^H^,  combines  with  hydriodic  acid  forming  both  a-  and 
/3-diiodethane. 

(1182)  Haloid  Derivatives  of  Propane.  Monochloeopeopane  : 
C,HyCl=78. — Two  isomeric  chloropropanes  are  known:  namely,  the  ^ri/wary 

propylic  chloride,  or  a-cMoropropane,  CHgCH^.CHgCl,  which  is  a  product  of 
the  action  of  chlorine  on  propane  (Schorlemmer,  Proc.  Roy.  Sac,  xvii.  372),  and  is 
also  obtained  on  treating  primary  propylic  alcohol  with  hydrochloric  acid  or  a 
chloride  of  phosphorus ;  and  secondary,  or  isopropylic  chloride,  or  ^-chloro- 
propane,  CH3.CHCI.CH3,  prepared  by  treating  isopropylic  alcohol  with  hydro- 
chloric acid  or  a  chloride  of  phosphorus.  The  latter  is  also  formed  by  the  action 
of  chlorine  on  propane. 

Propylic  chloride  boils  at  46^*5  (ii5°'7  F.),  whilst  isopropylic  chloride  boils 
at  39°  (i02°-2  F.) ;  the  sp  gr.  of  the  former  18-915  at  0°  (32°  F.),  that  of  the 
latter  '874  at  10°  (37°-5  F.) 

(11 83)  DicHLOEOPBOPANE  :  €311^012=113.  —  Four  isomeric  dichloropro- 
panes  have  been  obtained,  viz. : 

B.P.  (Cent.)  Sp.  Gr. 

a-Dichloropropane       .     .      .     CH.Cl.CH^.CH^Cl         117°  r20i  at  15° 

^-Di^chloropropane  or  propy-  )  CH^.CHCI.CH  CI  96°  1-165  at  14° 

lenic  cldoride   .      .     .      .  j         '                   2  y                        d          t 

y-Dichloropropane  or  propyli-  I  CH,.CH,.CHCL  84^-87°                — 

denic  chloride  .     .     .     .  j         »        2           2  "^         ' 

«.Dichloropropane  or  methyl-  1  cH  CCI  .CH,  70°  1082  at  16° 

chloracetol       ....  J         323  / 

a-Dichloropropane  is  formed  on  heating  a-dibromopropane  with  mercuric 
chloride  (Reboul).  ^-Dichloropropane,  or  propylenic  chloride,  is  obtained  by 
the  action  of  chlorine  both  on  propylic  and  isopropylic  chloride,  and  by  the  com- 
bination of  propylene  with  chlorine: 

CH3CH,.CH2C1    +    CI,   =    CHj.CHCl.CH.Cl    +    HCL 

Propylic  chloride.  Propylenic  chloride. 

CH3.CHCI.CH3    4-    CI,   =    CH3.CHCl.CHp    +    HCl. 

Isopropylic  chloride.  Propylenic  chloride. 

CH3.CH  =  CH,    +    CI,    =    CH3.CHCl.CHp. 

Propylene.  Propylenic  chloride. 

y-Dichloropropane,  or  propylidenic  chloride,  is  produced  by  acting  upon 
propionic  aldehyde,  CHg  CH2.COH,  with  phosphoric  pentachloride  (Reboul, 
Compt.  Rend.,  Ixxvi.  1270).  d-Dichloropropane,  or  metkylchloracetol,  is  ob- 
tained together  with  propylenic  chloride  by  the  action  of  chlorine  on  isopropylic 
chloride  (Friedel  and  Silva,  Compt.  Rend.,  Ixxiii.  1379),  and  in  a  pure  state,  by 
the  action  of  phosphoric  pentachloride  on  acetone,  CH3.CO.CH3,  the  oxygen  in 
the  latter  being  displaced  by  an  equivalent  quantity  of  chlorine. 
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(1184)  TfiiCHLOEOPEorANE  :  CgHjClg^  I47"5. — Three  isomeric  tricliloro- 

propanes  are  known,  viz, : 

B.  P.  (Cent.)  Sp.  Gr. 

a-Trichloropropane)^^^j^jj^j         (.J  ...  155°  ...  r4i     at  0° 

or  trichlorhydnn  j         2  2 

/3-Trichloropropane      CHg.CHCl.CHCl^  ...  140°  ...  1-402  at  4° 

y-Trichloropropane      CHj.CCl^.CH^Cl  ...  123'  ...  1-350  at  0° 

a-Trichloropropane,  or  trichlorhydrin,  CH^Cl.CHCl.CHgCl,  is  formed  when 
propylenic  chloride  is  acted  upon  by  chlorine  in  bright  sunshine,  or  in  the  pre- 
sence of  iodine  (Linneraann,  Ann.  Chem.  Pharm  ,  cxxxvi.  48;  cxxxix.  17; 
Schorlemmer,  Proc.  Boy.  Soc,  xviii.  29  ;  Friedel  and  Silva,  Compt.  Bend., 
Ixxiv.  805);  and  also  by  the  union  of  allylic  chloride,  C3H.CI,  with  chlorine 
(Oppenheim,  Ann.  Chem.  Pharm.,  cxxxiii.  383).  It  is  most  readily  prepared, 
however,  by  heating  dichlorhydrin  with  phosphoric  pentachloride : 

CH,C1.CH(0H).CH^C1  +  PCI,  =  CH^Cl.CHCl.CHp  +  POCI3  +  HCl. 

Dichlorhydrin.  a-Trichloropropane. 

^-Trichloropropane  is  obtained  together  with  the  a-compound  on  heating 
propylenic  chloride,  CHg.CHCl.CHgCl,  with  dry  iodine  chloride ;  whilst  y-tri- 
chloropropane  is  the  product  of  the  action  of  chlorine  on  methylchloracetol, 
CH3.CCl2.CHg,  in  sunshine  (Friedel  and  Silva,  Compt,  Bend.,  Ixxiv.  805). 

(1185)  TETEACHLOEOPRorANE :  CgH^Cl^.  =  182. — Three  of  these  are 
known,  viz. : 

(1).  Allylenic  tetrachloride,  CH^CKCHC^CHCl^,  obtained  by  Harten- 
stein,  {Jour.  pr.  Chem.  [2],  vii.  312)  by  combining  allylenic  dichloride, 
CH2C1.CH  =  CHC1,  from  dichlorhydrin,  with  chlorine.  It  boils  at  171° 
(339''-8  F.)  ;  sp.  gr.  1-503  at  17°- 5  (63°'5  F.).  The  tetrachloroglycid  obtained 
by  Pfeffer  and  Fittig  {Ann.  Chem.  Pharm.,  cxxxv.  357),  from  dichloroglycid  and 
chlorine,  was  doubtless  a  mixture  of  this  body  with  the  isomeric  compound, 
CHjCl,CCl2.CH2Cl,  since  dichloroglycid  is  a  mixture  of  the  two  compounds 
CH^Cl.CCl  =  CH^  and  CH.p.CH  =  CHCl  {vid.  dichloropropylene). 

(2).  Dichloracetone  chloride,  CHg.CCl^CHCI^,  prepared  by  the  action  of 
phosphoric  pentachloride  on  dichloracetone,  CHg.CO.CHCl^.  It  boils  at  153° 
(307°'4  F.)  J  sp.  gr.  1*47  at  13°  (55°'4  F.).  By  the  action  of  chlorine  on  this 
body  it  is  converted  into  a  crystalline  pentachloropropane.  (Fittig  and 
Borsche,  Ann.  Chem.  Pharm.,  cxxxiii.  114.) 

(3).  A  crystalline  body,  melting  at  177° — 178*  (35o°-6 — 352°-4  F.) 
has  been  obtained  by  Schorlemmer  {Proc.  Boy.  Soc,  xviii.  29),  by  the  continued 
action  of  chlorine  on  propane  in  sunshine. 

(1186)  Hexachlobopeopane:  C^H.^Cig^  251. — According  to  Schorlemmer 
{Ibid.)  this  is  the  final  product  of  the  action  oi"  chlorine  on  propane  in  brio-ht 
sunshine  in  the  presence  of  iodine.  It  is  a  colourless  heavy  liquid,  which  boils 
without  decomposition  at  about  250°  (482*^  F.). 

(1187)  Beomopeopane  :  CgH^Br.  =  123. — Propylic  and isopropylic bromides 
are  obtained  from  the  corresponding  alcohols  by  treating  them  with  hydrobromic 
acid,  or  a  bromide  of  phosphorus.  The  former  boils  at  71°  (i59°'8  F.),  sp.  or. 
1-35  at  16°  (60°  8),  the  latter  at  61°  (i4i°-8  F.),sp.  gr.  1-32  at  13°  (55°-4  F.). 

(1188)  Dibeomopeopane  :  C3HgBrj  =  202. — Three  isomeric  dibromopro- 
panes  are  known,  viz.  : 


B.P.  (Cent.) 

Sp.  Gr. 

a-Dibromopropane 

CH,Br.CH2.CH^Br 

162°— 163° 

2-017  at  0° 

/3-Dibromopropane  or  pro- 
pylenic bromide    .     . 

CH3.CHBr.CH^Br 

141^3 

1*946  at  16 

fi-Dibromopropane  or  me- 
thyl bromacetol    .      .  j 

CH^.CBr^.CH, 

115°— 1x8° 

I '39 
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a-Dihromopropane  is  formed  together  with  a  small  amount  oi propylenic 
bromide  [vid.  propylene),  on  heating  allylic  bromide,  CH^.CH  =  CH^Br,  with  a 
saturated  solution  of  hydrobromic  acid  to  100°  (212°  F.)  (Geroniont,  Deut. 
chem.  Ges.  Ber.,  iv.  548  ;  Reboul,  Compt.  Bend.,  Ixxvi.  1270).  The  remaining 
compounds  are  obtained  by  methods  similar  to  those  employed  in  the  preparation 
of  the  analogous  chloro-derivatives. 

(11 89)  Chlorobeomopeopane  :  C3HgClBr=  I57'5. — According  to  Reboul 
{Compt.  Rend.,  Ixxviii.  177),  the  following  five  isomeric  compounds  exist: 


B.P.  (Cent.) 

Sp.  Gr. 

I. 

CH,Br.CH,.CH,Cl      .. 

0              0 
140  —141 

I  -63  at  8* 

II. 

CHg.CHBr.CH^Cl       .. 

about  120° 

— 

III. 

CHg.CHCl.CH^Br       .. 

120° 

1-585  at  0° 

IV. 

CH^.CH^.CHClBr       .. 

about  100° 

i-6oat20°(?) 

Y. 

CH3.CCiBr.CH3 

.     93-95°    .. 

i'474  at  21'^ 

The  first  of  these,  together  with  a  relatively  very  small  quantity  of  the  second,  is 
formed  on  heating  allylic  chloride,  CH^  —  CH.CH^Cl,  with  hydrobromic  acid 
(Reboul) ;  the  third  is  obtained  on  heating  propylenic  bromide,  CHg.CHBr.CH^Br, 
with  a  solution  of  mercuric  chloride  (Friedel  and  Silva.)  A  mixture 
of  the  fourth  and  fifth  is  obtained  on  heating  crude  chloropropane — which 
is  a  mixture  of  the  two  isomerides,  CHg.CCl-CH^  and  CHj.CH^CCl^, 
with  hydrochloric  acid  (Reboul).  According  to  Henry  [Deut  chem.  Ges  Ber., 
iv.  604),  the  two  compounds  CHg.CHBr.CH^Cl  and  CH^.CHCl.CH.Br  are 
identical  in  physical  properties. 

(1190)  Teibeomopeopane:  CgHgBr^.  =  281, — a-Tribromopropane,  allylic 
tnbromide,  or  tribromhydrin,  CH^Br.CHBr.CH^Br,  may  be  obtained  by  acting 
upon  dibrcmhydrin  CH2Br.CH(OH).CH2Br,  with  phosphoric  pentabromide,  or 
by  combining  allylic  bromide,  CH^  =  CH.CHjBr,  with  bromine.  It  crystallizes 
in  white  prisms,  which  melt  at  16° — 17°  (6o°'8 — 62°6  F.),  and  boils  without 
decomposition  at  219° — 221°  (426°*2 — 429°*8  F.).  (Wurtz,  Ann.  Chem. 
Bharm.,  civ.  247  ;  Henry,  Deut.  chem.  Ges.  Ber.,  iii.  298.) 

An  isomeric  compound  boiling  at  195°  (383°  F.)  is  obtained  by  the  union  of 
monobromopropylene  with  bromine  (Wurtz,  Ann.  Chem.  Bharm.,  civ.  246 ; 
Linnemann,  Ibid,  cxxxv.  55). 

(1191)  Teteabeomopeopane  :  C,H^Br^=36o. — A  crystalline  tetrabromo- 
propane  melting  at  69°  (156°* 2  F.)  was  obtained  by  Linnemann  [loc.  cit.  65)  by 
heating  isopropylic  bromide  with  bromine  and  water  to  110° — 150*^ 
(230° — 302°  F.)  The  production  of  crystalline  tetrabromopropanes  has  also  been 
observed  by  Aarland,  {Jour.  pr.  Chem.  [2]  vi.  267),  and  by  Hartenstein  {Ibid. 
vii.  317).  The  liquid  tetrabromopropane  boiling  at  225° — 230°  (437° — 446"  F.) 
obtained  by  Oppenheim  {Ann.  Chem,  Bharm.,  cxxxii.  126),  from  allylene  (from 
bromopropylene)  and  bromine,  is  probably  identical  with  Cahour's  bromopropy- 
lenic  bromide.  Reboul's  tetrabromoglycid  is  probably  a  mixture  of  the  compound 
CH^Br.CBr,  CH.Br  with  CH^Br.CHBr.CHBr^. 

(1192)  Chloeobeomopbopanes. — Allylic  chloride,  CgHgCl,  forms  with 
bromine  the  compound  CH^Br.CHBr.CH^Cl,  isomeric  with  that  produced  from 
chloropropylene  and  bromine,  and  which  has  the  formula  CHg.CClBr.CH^Br ; 
the  former  boils  at  195°  (383°  F.)  the  latter  at  170°  (338°  F.). 

(1193)  loDOPEOPANE,  CgHyT=i70. — Two  isomeric  iodopropanes  exist, 
a- lodo propane,  or  primary  propylic  iodide,  CHg.CH^.CH^I,  is  prepared  by  the 
action  of  hydriodic  acid  on  normal  propylic  alcohol.    It  boils  at  102°  (2 15°'6  F.). 

(5'Iodopropanef  secondary  or  isopropylic  iodide,  CH3.CHI.CH3,  is  formed 
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by  the  combination  of  propylene,  C^H^,  with  hydriodic  acid,  and  by  the  action  of 
hydriodic  acid  on  ally  lie  iodide  : 

CH,=CH  -  CHJ  +  2HI  -  CH3  ^  CHI  -  CH3  4-  I,; 

but  it  is  most  conveniently  obtained  by  distilling  glycerin  with   an  excess  of 
concentrated  hydriodic  acid  solution,  allylic  iodide  being  first  formed  thus  : 

CH,(0H).CH(0H).CH2(0H)  +  3HI   =    CH,=CH-CHJ  +  1^  + 3OH,. 

Glycerin.  Allylic  iodide. 

It  is  a  mobile  colourless  liquid  of  peculiar  colour,  which  boils  at  89°  (i92°*2  F.). 
Diiodopropane  or  propylenic  iodide,   CH3.CHI.CH2I,   is   formed  by  the 
direct  union  of  propylene  with  iodine.     It  is  a  colourless  oil,   having  a  peculiar 
unpleasant  odour,  and  cannot  be  distilled  without  decomposition. 

(11 94)  Chloeiodopeopanes, — Propylene  combines  with  iodine  chloride 
(Simpson) ;  the  chloriodopropane  thus  prepared  is  isomeric  with  that  formed  by 
the  union  of  chloropropylene  with  hydriodic  acid  (Oppenheim)  :  the  former  is 
probably  represented  by  the  formula  CH^.CHCl.CHgl,  and  the  latter  by  the 
formula  CH^.CClI.CHg. 

According  to  Henry  dichloriodopropane,  CgHgCl^I,  is  produced  by  the  union 
of  allylic  chloride  with  iodine  chloride. 

JBromiodupropane,  CgH^Brl,  is  formed  when  propylene  is  passed  into  a  solu- 
tion of  iodine  bromide.  It  is  a  colourless  oil,  which  boils  at  160° — J  68^ 
(320° — 334°'4  F.),  but  is  at  the  same  time  partly  decomposed  (Simpson). 

CJdorobromiodopropane^  CyHgClBrI,  is  produced  by  the  union  of  allylic 
bromide  with  iodine  chloride;  it  is  a  heavy  oily  liquid  (Henry). 

(1195)  HaLoid  Deeivatives  of  the  Tetea^es. — The  following  mono- 
haloid  tetrane  derivatives  have  been  obtained  by  the  action  of  the  haloid  acids 
or  haloid  phosphorus  compounds  on  the  isomeric  butjlic  alcohols,  C^Hg.OH : 

Normal  primary         Isopriraary  Secondary  Tertiary 

or  a-compounds.      or  jS-compounds.      or  y-compounds.      or  5-c<jmpounds. 

B.P,  (Cent.)  B.P.  B.P.  E.P. 

Butylic  chloride  .       78°  68°-5       '  —  50^—52° 

„        bromide  .      100°*^  92^'3  —  — 

„        iodide     .      130°  i20°'6  117° — jiS*'         99° 

Secondary  butylic  iodide  may  also  be  prepared  by  iLo  action  of  hydriodic  acid 
on  erythrite,  C^Hg(OH)^,  and  the  tertiary  iudide  by  the  dii-fct  union  of  butylene, 
CJi^^=Q{CYi^_^,  and  hydriodic  acid. 

Little  is  known  of  the  higher  chlorinated  derivatives  of  tetrane. 
Dibeomoteteane,   C^HgEro. — Three  isomeric   dibromotetraues  have    been 
described,  viz. : 

B.P.  (Cent.) 
a-Dibromotetrane  or  a-butylenic  )  CH  .CH  .CHBr.CH.Br    ...      166° 
bromide J         32  2 

'■"trW^MV:    '"''"'^:}«H3«HBr.CHB...CH3     ...     X59° 

a-Bihromotetrane  is  obtained  by  heating  a-bromotetrane  (normal  primary 
butylic  bromide)  with  bromine  (Linnemann,  Ann.  Chem,  Pharm.,  clxj.  200), 
and  is  probably  identical  with  the  bromide  of  ethyl  vinyl  [see  butylene)  prepared 
by  Wurtz  {Ann.  Chem.  PJiarm.,  clii.  21).  ^-Dibromotetrane  is  formed  by 
combining  the  butylene  from  st  condary  butylic  alcohol  v/ith  bromine  (Lieben, 
Ann.  Chem.  Fharm.,  cl.  109).  y-JDlbromcteir'ane  is  obtained  by  heating 
3  M 
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/3-iodotetrane  (isoprimary  butylic  iodide)  with  bromine  (Linnemann,  Ann.  Ckem. 
Pharm.,  clxii.  34),  and  by  combining  the  so-called  isobutylene  from  isoprimary 
butylic  alcohol  with  bromine, 

Teibromoteteane,  C^HyBrg. — According  to  Linnemann  {Ann,  Chem. 
Fharm.,  clxii.  34),  this  compound  is  almost  the  sole  product  of  the  action  of  bro- 
mine on  jS-bromotetrane  (isoprimary  butylic  bromide)  at  150°  (302°  F.)  ;  it 
is  a  liquid  which  boils  at  214°— 218°  (4i7°'2 — A'^A^'A  F.).  Caventou  also 
obtained  a  tribromotetrane  (bromobutylenic  bromide)  boiling  at  208° — 215° 
-  (4o6"4° — 419°  F.)  by  combining  bromobutylene  with  bromine.  The  i^ame 
observer  obtained  a  tetrahromotetrane  from  dibromobutylene  and  bromine,  in 
the  form  of  a  crystalline  solid  which  decomposes  at  200°  (392°  F.)  without 
previously  melting  {Ann.  Chem.  Fharm.,  cxxvii.  94,  347). 

(1196)  Haloid  Derivatives  of  the  Pentanes.— a-MoxocHLOEOPEN- 
TANE,  or  normal  primary  amylic  chloride,  CHg.CH^.CH.^.CH^.CH^Cl,  is  formed 
on  heating  normal  primary  amylic  alcohol  with  hydrochloric  acid  (Lieben  and 
Rossi)  ;  it  is  also  a  product  of  the  action  of  chlorine  on  normal  pentane  (Schor- 
lemmer).     It  boils  at  106° — 107°  (222°-8 — 224°-6   F.)j  sp.   gr.   -901   at  0° 

iS-MoNOCHLOEOPENTANE,  or  isoprimary  amylic  chloride, 
CH(CH3)^.CH,.CHp, 
is  obtained  from  the  optically  inactive  fermentation  amylic  alcohol  and 
hydrochloric  acid,  or  a  chloride  of  phosphorus;  it  boils  at  102°  (2i5°-6  F.) ; 
sp.  gr.  -895  at  0°  (32°  F.).  A  third  monochloropentane,  C{CR.){Qfi^)^C\,  is 
formed  together  with  a-chloropentane  during  the  chlorination  of  normal  pentane 
(Schorlemmer,  Ann.  Chem.  Fharm.,  clxi.  268). 

Dichloropentane,  Q,^^f\^. — Amylene,  C^Hj^,  from  fermentation  iso- 
primary amylic  alcohol  combines  with  chlorine  to  form  a  dichloropentane  or 
amylenic  chloride,  boiling  at  about  145°  (293°  F.)  (Guthrie,  Journ.  Chem. 
Soc,  xiv.  128).  An  isomeric  compound,  CIl^.Cl[i{Cli^).CV[^.C}lC].^,  is  formed 
by  tb.e  action  of  phosphoric  pentachloride  on  valeric  aldehyde  from  fermentation 
amylic  alcohol;  it  boils  at  about  130°  (266°  F.)  {Ami.  Ckem.^Fharm.,  cvi. 
262).  By  the  action  of  chlorine  on  boiling  isoprimary  amylic  chloride,  Buff 
obtained  a  dichloropentane  boiling  at  155° — 160°  (311° — 320°  F.)  {Ann. 
Chem.  Fharm.,  cxlviii.  349). 

Higher  chlorinated  derivatives  of  pentane  have  been  obtained  by  the  action  of 
chlorine  on  isoprimary  amylic  chloride  and  on  amylenic  chloride  (Bauer),  but 
little  is  known  of  these  compounds.  By  the  action  of  chlorine  in  bright  sunlight, 
according  to  Cahours,  the  pentane  from  petroleum  is  finally  converted  into  the 
compound  C^HgClg. 

(11 97)  Haloid  Deeivatives  of  the  Eemaining  Paeaffins. — Very 
few  of  the  haloid  derivatives  of  the  remaining  hydrocarbons  of  the  C^Han+j 
series  have  been  obtained  in  a  state  of  purity.  By  the  action  of  chlorine 
on  the  various  paraflBns  which  they  isolated  from  American  petroleum, 
Pelonze  and  Cahours  prepared  the  corresponding  monochlorinated  paraffins ; 
Schorlemmer's  re&e&rches  {Ann.  Chem.  Fharm.,  clxi.  263),  however,  justify  the 
conclusion  that  the  products  they  obtained  were  mixtures  of  isomeric  compounds. 
A  number  of  the  dibromo-derivatives  have  been  prepared  by  combining  the 
olefines  with  bromine. 

(11 98)  Hexane  Derivatives. — In  addition  to  the  monochlorinated  com- 
pounds formed  by  the  action  of  chlorine  on  normal  hexane  (Pelouze  and  Cahours, 
Schorlemmer),  a  monochlorhexaiie  or  heorylic  chloride, 

CHg.CH(CH3).CH„.CHCl.CH3, 
boiling  at   about  120°  (248°  F.),  is   known,  vvhich  is  prepared  from  the  iso- 
primary hexylic  alcohol  from  mannite ;  moreover,  tertiary  hexylic  chlorides  have 
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been  obtained  by  the  action  of  phosphorus  pentachloride  on  methyl-diethyl- 
carbino],  C(CH3)(C2HJ,0H ;  and  propyl-dimethyl-carbinol,  C{C^Il^)(CIl^)flR; 
the  former  boils  at  iio°  (230''  F.),  the  latter  at  100°  (2i2°r.)jboth  being  par- 
tially decomposed,  however  (Butlerow).  By  the  action  of  chlorine  on  the  hexane 
diisopropyl,  Schorlemmer  obtained  a  chlorohexane  boiling  at  124°  (255°'2  F.) ; 
Silva  {Beut.  ckem.  Ges.  Ber.,  vii.  953)  finds  that  an  isomeric  body  boiling  at  118° 
(244°'4  F.)  is  also  produced.  The  former  is  probably  represented  by  the  formula 
CH3.CH(CH3).CH(CH3).CH,C1,  the  latter  by  CH3.CH(CH3).CC1(CH3).CH3. 

According  to  Pelouze  and  Cahours,  the  final  product  of  the  action  of  chlorine 
in  bright  sunlight  on  petroleum  hexane  is  hexachloroheocane,  CgHgClg ;  this 
observation  has  been  confirmed  by  Schorlemmer  (JProc.  Moy.  Soc,  xviii.  32). 

a-Iodhexane,  or  normal  'primary  hexylic  iodide,  CH3,(CH2)^.CH2l,  prepared 
from  normal  primary  hexylic  alcohol,  boils  at  I79°'5  (355°  F.)  j  sp.  gr.  \'\\\  at 
I7°*5  (63°* 5  F.).  Isoprimary  hexylic  iodide,  from  fermentation  hexylic 
alcohol,  [?CH3.CH(CH3).CH,.CH2.CHJ],  boils  at  172°— 175°  (34i°-6— 347° 
F.).  Normal  secondary  hexylic  iodide,  C(CH3)  (C^H^)HI,  which  is  obtained  by 
the  action  of  hydriodic  acid  on  the  hexahydric  alcohol  mannite : 

C,H3(0H),    +    iiHI    ^   C,HJ    +   60H,   +    5I,, 

Mannite.  Hexylic  iodide. 

boils  at  i67°-5  (333°-5  F.)  ;  sp.  gr.  1-447  at  0^(32°  F.). 

Dibromohexane,  Cflg.CH^.CH^.CHg.CHBr.CH^Br,  formed  from  hexvlene  and 
bromine,  boils  at  i95''_i97°  (383°— 386°-6  F.);  sp.  gr.  1-605  at  o°''(32°  F.), 
1-580  at  19°  (66°-2  F.)     (Hecht  and  Strauss,  Ann.  Chem.  Pharm.,  clxxii.  62). 

(11 99)  Heptane.  Derivatives, — A  number  of  monochlorheptanes  have 
been  obtained  by  the  action  of  chlorine  on  the  heptanes,  and  by  combining  the 
heptylenes  with  hydrochloric  acid.  (Schorlemmer,  Ann.  Chem.  Pharm.,  clxi. 
278  ;  Journ,  Chem.  aSoc,  xxvi.  319.)  Butlerow  has  also  prepared  the  compounds 
CH3.C(CH3;.^.C(CH3)2C1  and  CH3.C(CH3),.C(CH3)2l  from  the  alcohol  dimethyl- 
tertiary-butyl  carbinol  CH3.C(CH3)2.C(CH3)2.0H ;  both  are  white  camphor-like 
substances  {Deut.  chem.  Ges.  Ber.,  viii.  166). 

Dichloroheptane,  CyH^^Cl^,  is  produced  by  the  action  of  phosphoric  penta- 
chloride on  heptylic  or  cenanthylic  aldehyde;  it  boils  at  190°  (374°  F.)  (Lim- 
pricht,  Ann.  Chem.  Pharm.,  cii.  80). 

(1200)  Octane  Derivatives. — The  following  mono-derivatives  have 
been  prepared  by  the  usual  methods  from  normal  primary  octylic  alcohol, 
CH3.(CHJg.CH2.0H  (Zincke,  Ann.  Chem.  Pharm.,  clii.  l)  : 

B.P.  (Cfent.)  Sp.  Gr. 

Monochloroctane  or  octylic  chloride     ...      i8o°'5  ...       '880  at  16® 

Monobrom octane  „       bromide      ...      199°  ...  i-n6  at  16° 

Moniodoctane  „       iodide         ...      221°  ...  1-338       „ 

The  normal  secondary  octylic  alcohol,  methyl-hexylcarbinol, 

C(CH3)(C,H,3)H.0H, 

yields  a  chloroctane  which  boils  at  171° — 173°  (339''-8  -  343°*4  F.)  (Neison)  ; 
the  corresponding  bromo-  and  iodo-derivatives  decompose  partially  on  distillation. 
Butlerow  has    obtained  a  tertiary  octylic  chloride,   boiling  at   about    155° 
(311°  F.),  from  propyl-diethylcarbinol,  C{C.fi^){C^^)pil. 

(1201)  Hexadecane  Derivatives.  —  Monochforhexadecane,  or  cetylic 
chloride,  prepared  by  the  action  of  phosphoric  pentachloride  on  cetylic  alcohol,  is  a 
colourless  liquid,  distilling  above  200°  (392°  F.)  with  partial  decomposition. 
The  corresponding  bromo-  and  iodo-derivatives  are  crystalline  bodies,  melting  at 
15°  (59°  F.)  and  22°  (7i°-6  F.)  respectively. 

M  2 
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(1202)  The  following  is  a  list  of  the  known  mononitroparaffins  : 


B.P.  (Cent.) 

Nitromethane  .... 

CH3.NO, 

101° 

Nitroethane      .... 

CH3.CH2.NO2 

111-113° 

Nitropropane  (primary)  . 

CH3.CH,.CH^.N0, 

125°— 127° 

„              (secondary) 

.     CH(CH3).^.N0, 

ii5°-ii8° 

Nitrotetrane  (isopriraary) 

CH(CH,),.CH2.N02 

137°— 140** 

(tertiary)      . 

.     C(CH3);.N0, 

— 

Nitropentane  (isoprimary) 

.     CH(CH3)^.CH,.CH,.N0, 

148°— 160° 

These  compounds  have  all  been  obtained  by  V.  Meyer  and  his 
students^  by  the  action  of  the  corresponding  iodoparaffins  on 
argentic  nitrite ;  but_,  except  in  the  case  of  the  methane 
derivative^  the  metameric  nitrite  (nitrous  ether)  is  always  pro- 
duced at  the  same  time_,  so  that  if  x  be  the  amount  of  nitro- 
parafEn,  and  y  the  amount  of  nitrite,,  which  is  formed,  the  re- 
action may  be  represented  thus : 

{x  +  y)  C,H2,^iI  +  (a.  +  ^) AgNO,  =  \  '^  ^"^^^°^^        ^'^0  +  {x  +  y)  Agl. 


(:r  +  5^)C,H,I  +  (a.  +  3^)AgN0, 
S^Se.  Argentic  nitrite. 


X  C„H2n+i  N^^   _  _ 

Nitroethaue.  y     +  {x  +  y)  k^l. 

y  CgH^— 0— N  =  0  j       Argentic  iodide. 
Ethylic  nitrite.         ^ 


Nitromethane  has  also  been  obtained  by  the  action  of  potassic 
nitrite  on  monochloracetic  acid  (Kolbe ;  Preibisch,  Journ.  pr. 
Chem.  [2]  viii.  309).  In  this  case  probably  the  first  action  con- 
sists in  the  formation  of  a  nitroacetic  acid  : 

CHgCl.COOH   +   KNO2   =  CH3(N02).COOH   +    KCl; 

Chloracetic  acid.  Nitroacetic  acid. 

which  is  then  resolved  into  nitromethane  and  carbonic  anhydride  : 
CH2(N02).COOH   =  CH3.NO2   +    COg. 

Nitroacetic  acid.  Nitr.omethane. 

The  mononitroparaffins  are  colourless,  highly  refractive 
mobile  liquids  of  peculiar  odour,  which  are  insoluble  in  water; 
they  distil  without  decomposition,  and  their  vapours  are  not  ex- 


*  Deut.  chem.  Ges.Ber.,  v.  203.  399,  514,  1029,  1034;  vi.  94,  1168, 
1492  ;  vii.  425,  670,  709,  712,  786,  790,  916,  962.  Ann.  Cham.  Fharm.t 
clxxi.  I  ;  clxxv.  88. 
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plosive.  The  most  characteristic  reaction  which  they  exhibit  is 
their  conversion  into  the  corresponding  amidoparaffins  or  primary 
monamines  when  treated  with  reducing  agents : 

C„H2„^i.N02   +  3H,  =  C,H,„^,.NH,   +  2OH,. 

+ 


C,H,.NO, 

Nitroethane. 


3H,  =     C,H,.NH,     + 

Amidoethane  or  ethylaraine. 


aOH,. 


Most  of  them  yield  metallic  derivatives.  Thus_,  on  adding  an 
alcoholic  solution  of  sodic  hydrate  to  nitromethane,  to  nitroethane, 
or  to  the  nitropropanes,  a  white  precipitate  of  the  corresponding 
monosodium  derivative  is  produced ;  nitroethane^  for  example^ 
yielding  sodium  nitroethane : 

aH,.N02    +   NaOH   =   C„H,Na.NO,   +    OH.. 


Nitroethane 


Sodium  nitroethane. 


Isoprimary  nitrotetrane  does  not  yield  a  precipitate  under  these 
circumstances^  although  it  is  soluble  in  potassic  hydrate  solution, 
and  may  be  precipitated  unchanged  by  the  addition  of  an  acid ; 
in  fact,  the  tendency  to  form  metallic  derivatives  diminishes  as  the 
series  is  ascended:  for  instance,  tertiary  nitrotetrane  and  isoprimary 
nitropentane  dissolve  in  an  aqueous  solution  of  potassic  hydrate 
only  after  long  continued  agitation,  whereas  the  lower  homologues 
dissolve  at  once.  The  aqueous  solutions  of  the  sodium  derivatives 
of  the  nitroparaffins  yield  characteristic  precipitates  with  the 
various  metallic  salts : 


Mercuric 
chloride. 

Mercurous 
nitrate. 

Ferric 
chloride. 

Baric 
chloride. 

Cupric 
sulphate. 

Plumbic 
acetate. 

Argentic  nitrate. 

Sodium 

nitro- 

methane. 

Pale  yellow 
pp. (very 
explosive). 

Black 
flocculent  pp. 

Dark  red- 
brown  pp. 

No  pp. 

Leaf-green 
pp. 

White  pp. 

Yellow  pp.  which 
blackens  almost 
immediately. 

Sodium 
nitroethane. 

White  crys- 
talline pp. 

Dirty 
grey  pp. 

Blood  red 
coloration. 

No  pp. 

Deep  green 
coloration. 

No  pp. 

White  pp.  which 
soon    becomes 
brown. 

Sodium 

nitropropane 

(primary). 

White  crys- 
talline pp. 

Black 
flocculent  pp. 

Blood  red 
coloration. 

No  pp. 

Deep  green 
coloration. 

White  pp. 

White  pp.  which 
gradually  be- 
comes brown. 

Sodium 
nitropropane 
(secondary). 

White  crys- 
talline pp. 

Black 
flocculent  pp. 

Blood  red 
coloration. 

No  pp. 

Deep  green 
coloration. 

No  pp. 

Pale  yellow  pp. 
which  rapidly 
blackens. 

When  nitromethane  is  heated  with  concentrated  sulphuric 
acid,  hydroxylamine  and  carbonic  oxide  are  produced ;  nitro- 
ethane similarly  treated,  furnishes  hydroxylamine  and  acetic 
acid,  thus : 
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CH3.ClH2.NO   +   H|OH   =   H.N.OH   +  CH3.COOH. 

Nitroethane.  Hydroxylamine.  Acetic  acid. 

Nitromethane  undoubtedly  yields  in  the  first  place  hydroxylamine 
and  formic  acid;  the  latter,  however,  is  resolved  into  carbonic 
oxide  and  water  by  the  sulphuric  acid.  If  hydrochloric  acid 
be  employed,  formic  acid  is  actually  obtained ;  in  fact,  all  the 
primary  nitroparaffins  yield  the  corresponding  acid  of  the  acetic 
series  and  hydroxylamine  when  heated  with  hydrochloric  acid. 
When  nitroethane  is  heated  with  phosphorous  acid,  the  hydroxyl- 
amine is  reduced,  and  acetic  acid  and  ammonia  are  obtained,  the 
phosphorous  acid  being  oxidized  to  phosphoric  acid. 

According  as  the  mononitroparaffins  are  formed  from  moniodo- 
paraffins  derived  from  primary,  secondary,  or  tertiary  alcohols  of 
the  C^Hgn+i-OH  series  they  may  be  classed  as  primary, 
secondary,  or  tertiary  compounds,  and  distinguished  by  the  fol- 
lowing general  formulae  : 

C„H,„^i.CH,.NO,;    (C„H2„^i)2CH.NO,;     {C„H,,^,)fi.^O,. 

Primary  nitroparaflan.  Secondary  nitroparaffin.  Tertiary  nitroparaffin. 

CH3.CH2.NO2  (CH3)2CH.N02  (CH3)3C.N02. 

Nitroethane.  Secondary  nitropropane.  Tertiary  nitrotetrane. 

The  three  classes  are  characterized  in  the  following  manner : — 
When  a  molecule  of  bromine  is  added  to.  an  aqueous  solution  of 
one  molecule  of  the  potassium  derivative  of  a  primary  mononitro- 
paraffin,  an  oil  is  obtained  which  is  a  mixture  of  the  nitroparaffin 
with  a  mono-  and  a  dibromo-derivative ;  a  solution  of  the 
potassium  derivative  of  a  secondary  paraffin  thus  treated,  however, 
yields  as  sole  product  the  monobromonitroparaffin.  This  behaviour 
is  easily  explained  as  follows  : — Bromine  has  no  action  on  tlie 
nitroparaffin  alone,  but  when  potassium  primary  nitropropane, 
for  example,  is  acted  upon,  a  portion  of  it  is  converted  into 
bromonitropropane  : 

CH3.CH2.CHK.NO2   +   Brg   =   CH3.CH2.CHBr.NO2  +   KBr. 

Potassium  nitropropane.  Bromonitropropane. 

The  compound  thus  produced  has  a  stronger  tendency  to  form 
metallic  derivatives  than  even  the  nitroparaffin,  and  acts  upon  a 
portion  of  the  potassium  nitropropane  still  present,  forming  nitro- 
propane and  potassium  bromonitropropane  : 

CHj.CH^.CHBr.NO^  +  CH3.CH3.CHK.NO,  =  CHg.CH^.CBrK.NO,  +  CH^.CH^.CH^.NO, 

Bromonitropropane.  Potassium  nitropropane.    Potassium  bromonitropropane.  Nitropropane. 

The  potassium  bromonitropropane   is  in  turn  converted  by  the 
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bromine  into  dibromonitropropane,  which,  however,  has  no  ten- 
dency to  form  metallic  derivatives,  and  is  not  further  acted  upon  : 

CH3.CH2.CBrK.NO2    +    Brg  =    CH3.CH2.CBr2.NO2   +    KBr. 

Potassium  bromonitropropane.  Dibromonitropropane. 

On  the  other  hand,  potassium  secondary  Ditropropane  is  con- 
verted by  the  action  of  the  bromine  into  the  secondary  bro- 
monitropropane, which  does  not  form  metallic  derivatives,  and 
therefore  is  not  further  acted  upon  : 

(CH3)2CK.N02  +   Br2   =    (CH3)2CBr.N03   +    KBr. 

Potassium  secondary  nitropane,  Bromonitropropane. 

It  would  appear,  therefore,  that  only  those  nitroparaffins  are 
capable  of  yielding  metallic  derivatives  in  which  a  part  of  the 
hydrogen  is  united  with  the  carbon  atom,  which,  it  may  be  sup- 
posed, is  in  union  with  the  strongly  negative  NO2  group.  The 
fact  that  the  tendency  to  form  metallic  derivatives  diminishes  as 
the  series  is  ascended,  may  be  explained  by  supposing  that  the 
hydrocarbon  group  or  radicle  of  the  form  CnHgu+j,  as  it  becomes 
more  complex  and  proportionately  richer  in  carbon,  acquires 
a  more  negative  character,  and  thus  tends  more  and  more  to 
neutralize  the  negative,  or,  as  it  may  be  termed,  acidifying  in- 
fluence of  the  NO2  group. 

The  primary  monouitroparaffins  are  also  characterized  by 
their  behaviour  with  nitrous  acid,  which  converts  them  into  so- 
called  nitrolic  acids.  If,  for  example,  nitroetliane  is  dissolved 
along  with  potassic  nitrite  in  an  aqueous  solution  of  potassic 
hydrate,  and  dilute  sulphuric  acid  is  added,  a  magnificent  blood- 
red  coloration  is  at  first  produced,  which  disappears  as  soon  as 
the  solution  becomes  acid ;  the  ethylnitrolic  acid  which  is  formed 
can  then  be  extracted  by  ether.  The  reaction  may  be  repre- 
sented  by  the  following  equation  : 

C,H,.NO,   +  NO,H   =  C,H,NA   +   OH,. 

Nitroethane.  Ethylnitrolic  acid. 

Nitrous  acid  alone,  however,  has  no  action  on  nitroethane,  and 
it  appears  to  be  an  indispensable  condition  in  the  formation  of 
the  nitrolic  acid,  that  the  nitroparafiin  be  brought  into 
contact  with  the  nitrous  acid  at  the  moment  the  latter  is  set  free. 
Ethylnitrolic  acid  may  also  be  produced  by  the  action  of 
hydroxylamine  on  dibromonitroethane,  thus  : 

^"^'•^|b°'  +  NH^-OH  =  ^^3-0  j{5J^^Hj„+   aHBr. 

Pibromonitroethane.         Hydroxylamine.  Ethylnitrolic  acid. 
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The  acid  character  of  the  so-called  nitrolic  acids  is  thus  shown 
to  be  due  to  their  containing  the  OH  group.  Their  formation  from 
tlie  primary  nitroparaffins  may  be  thus  represented  : 

CnH^n+i.CH^.NOg  +  NO.OH  =  C,H2,+i.C(N.OH).N02  +  OH^. 

Primary  nitroparafBn.  Nitrous  acid.  NilroUc  acid. 

(i  203)  Ethylnitrolic  acid,  C.HPg  =  CH3.C  (N.OH'i.NO^,  crystallizes  in  large 
yellow  prisms  resembling  saltpetre  crystals;  it  has  an  intensely  sweet  taste  and 
stroni!;ly  acid  reaction.  Like  the  other  nitrolic  acids,  it  is  readily  soluble  in  all 
ordinary  solvents  :  its  solution  in  alkalies  has  a  deep-red  colour.  The  metallic 
derivatives  of  the  nitrolic  ac'ds  have  not  as  yet  been  obtained  in  a  state  of  purity, 
since  they  are  exceedingly  unstable  bodies. 

Ethylnitrolic  acid  melts  at  8i°— 83°  (i77°-8— iSi^v,  F.),but  is  at  the  same 
time  decomposed  into  acetic  acid,  nitric  peroxide,  and  nitrogen.  My  water,  and 
still  more  readily  by  concentrated  sulphuric  acid,  it  is  resolved  into  acetic  acid 
and  nitrous  oxide;  this  decomposition,  however,  takes  place  in  two  stages,  thus; 

CH3.C(K0H).N0,   +    20H^    =    CH3.COOH    +    HNO^.    +    NH^.OH ; 

Ethylnitrolic  acid.  Acetic  acid.  Nitrous  acid.        Hydroxy! amine. 

NH,.OH    +    HNO^   =   N/)    +    2OH2. 

When  an  aqueous  solution  is  treated  with  sodium-amalgam,  acetic  acid,  nitrous 
acid  and  ammonia  are  produced.  In  this  case  also,  hydroxy lamine,  acetic  acid, 
and  nitrons  acid  are  probably  formed  in  the  first  instance  by  the  action  of  the 
water,  but  the  hydroxylamine  is  simultaneously  reduced  to  ammonia : 

NH^.OH    +    H,   -    NH3    +    OH^. 
JFbr  we  find  that  when  ethylnitrolic  acid  is  reduced  hy  tin  and  hydrochloric 
a^d,  acetic  acid  and  hydroxylamine  are  obtained : 

CH3.C(N.0H).N0,   +   OH^   +    2YL^    =   CH3.COOH   +    2NH2.OH. 

Ethylnitrolic  acid.  Acetic  acid.  Hydroxylamine. 

(1204)  The  secondary  nitroparaffins  behave  in  an  entirely 
different  manner  with  nitrous  acid.  For  instance,  on  the  addi- 
tion of  dilute  sulphuric  acid  to  the  solution  of  secondary  nitro- 
propane,  (CH3)2CH.NOo,  in  potassic  hydrate  mixed  with  potassic 
nitrite^  a  magnificent  blue  colour  is  developed^  and  a  white  crystal- 
line substance  separates.  This  compound,  propylpseudonitrotj 
CgH^NgOg,  has  the  same  empirical  formula  as  the  propylnitrolic 
acid  from  primary  nitropropane,  but  possesses  totally  diff'erent 
properties,  being  insoluble  in  water  and  alkalies ;  it  is  soluble, 
however,  in  warm  alcohol  or  chloroform,  forming  a  magnificent 
blue  solution.  It  is  decomposed  when  heated  to  a  few  degrees 
above  its  melting  point  76°  (t68°-8  F.).  When  oxidized  by 
chromic  anhydride,  it  is  converted  into  dinitropropane,  C^}1^^(^0^^. 
Most  probably  propylpseudonitrol  is  a  m/ro50-nitro-derivative  of 
propane,  and  its  formation  from  secondary  nitropropane  would 
then  be  represented  in  the  following  manner : 

(CH3),CH.N02   +    HO.NO  =  CH3.cjJJg^   +   OH^. 

Secondary  nitropropane.  Nitrous  acid.  Nitrosonitropropane. 
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JjLigher  nitro- derivatives  of  the  Parajfflns. 

(1205)  Teimitromethais^e,  or  Nitrofokm,  CH(N02)3. — The  ammoiiium 
derivative  of  this  body  is  obtained  on  boiling  the  so-called  trinitroacetonitrile 
(1223)  wi^^  water: 

^2(^03)3^   +    2OH2   =    C(N0,)3(NHJ   +    CO,. 

Trinitroacetonitrile.  Ammonium  trinitrometharte. 

The  product  is  then  shaken  with  sulphuric  acid  and  the  nitroforra,  which 
floats  as  an  oil  on  the  surface  of  the  acid,  is  separated.  Below  15°  (59°  F.).  nitro- 
form  is  a  colourless  crystalline  solid,  which  is  moderately  soluble  in  water.  It 
cannot  be  distilled,  and  when  rapidly  heated  explodes  with  violence.  It  has 
marked  acid  properties,  and  yields  a  variety  of  metallic  derivatives,  most  of  which 
are  crystalline. 

(1206)  Teteanitromethane,  C(N02)4,  is  prepared  by  heating  nitroform 
with  fuming  nitric  acid  and  sulphuric  acid  to  100°  (212°  F.).  It  is  liquid  at 
the  ordinary  temperature,  but  solidifies  at  13°  (55°'4  F.) ;  it  is  insoluble  in 
water.  Tetranitromethane  is  said  to  distil  without  decomposition  at  126° 
(258°*8  F.)  (SchisckofF,  Ann.  Chem.  Pharm.,  ciii.  364  and  cxix.  247). 

(1207)  DiNiTROPEOPANE,  C3Hg(N02)2  =  CH3.C(N02)2.CH3,  which  is  formed 
by  oxidizing  nitrosonitropropane,  is  a  white  crystalline  substance  closely  re- 
sembling camphor  in  appearance.  It  melts  at  53°  (127°  4  F),  and  boils  at 
i85°-5  (366°  F.)  without  decomposition.  It  is  scarcely  soluble  in  water  or 
alkalies,  but  dissolves  easil}^  in  alcohol  and  ether.  It  volatilizes  with^  the 
greatest  readiness  in  a  current  of  steam,  and  sublimes  even  al<Jkhe"'prdiparv  >>^ 
temperature.  By  the  action  of  tin  and  hydrochloric  acid,  it  i»  co'^vfeftjiunnlJo/^y^^^^ 
ace^OTie  and  hydroxylamine :  Afr  iv--.      '"     ^'^H        v> 

J'  ^  iV  1  J/  r?  -. 
CH3.C(NOJ,.CH3   +4H,   =   CH3.CO.CH3    +    2NH,.(\jI   i   <5B^- '^^  i?  S  J  f  1 

Dinitropropane,  Acetone.  HydroxylamW^^'^  T"  <«  ^"^  "^'  "^ 

(1 208)  Teinitropeopane,  C3H,(N0,)3  =  CH,(N0J.CH(N02)^'{TO(?,'S  S'i^ 
formed  by  the  action  of  d-tribromopropane  or  allylic  tribromide  on  argentic  niCri 
(Brackebui'ch,  Deut.chem.  Ges.  Ber.,  vi.  289.)     It  boils  at  190° — 200°  (376° 
— 392°  F.).      By   the  action  of  an  alcoholic  solution  of  potassic  hydrate   it   is 
converted  into  a  tripotassium  derivative,  CgH2K3(N"02)3,  and  when  reduced  by  iron 
and  acetic  acid  yields  triamidopropane  or  glyceryl-triamine,  0311^(1^112)3. 

Saloid  nitro- derivatives  of  the  Paraffins. 

% 

(1209)  The  following  have  been  obtained: 

B.P.  (Cent.) 

Chloronitromethane CH^CINO^  122°— 123° 

Trichloronitromethane  or  chloropicrin    .      .  CCigNO,  JI2° 

Dichlorodinitromethane  (Marignac's  oil  ?)  .  CCl2(N02)2  — 

Bromonitrom  ethane CHgBrNOg  143° — 144° 

Dibromonitromethane CHBrgNO^  155°— 160° 

Tribromonitromethane  or  bromopicrin    .      .  CBrgNOg  — 

Bromotrinitromethane  or  bromonitroform    .  CBr(N02)3  — 

Bromonitroethane CH3.CHi3rN02  145°— 148° 

Dibromonitroethane CH3.CBr2N02  162°— 164° 

Trichlorodibromonitroethane CClgBr^NO,  — 

Trichlorodinitroethane C2Cl3(N02)3  — 

Bromonitropropane  (primary)       ....  CH3.CH2.CfIBrN02  155° — 165° 

Dibromonitropropane       „ CH3.CH2.CBr2N03  184°— 186'' 

Bromonitropropane  (secondary)     ....  (CHg).,CBrN02  148°— 150° 

Dibromonitrotetrane  (isoprimary)      .     .     .  CH(CHg)2.CBr2K02  1 80°— 185°* 
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(i2io)  Chloeoniteomethane,  CHgClNOj. — Nitromethane  is  not  attacked 
by  chlorine  even  in  the  sunshine,  but  by  the  action  of  chlorine  on  sodium  nitro- 
methane  chloronitromethane  is  readily  produced  {I)eut.  chem.  Ges.  Ber.,  viii. 
608).     It  is  a  colourless  liquid,  which  possesses  a  very  pungent  irritating  odour. 

(12 11)  Teichloeoniteomethane,  or  clilorojpicrin,  CNO^Clg. — This  body 
is  produced  whenever  nitro-com pounds  are  distilled  w^ith  bleaching  powder  and 
water,  and  is  also  formed  when  trichloromethane  or  chloroform,  CHCig,  is  heated 
with  concentrated  nitric  acid  to  100°  (212°  F.)  (Mills,  Journ.  Chem.  Soc,  xxiv. 
641).  It  is  best  prepared  by  distilling  trinitroplienol  or  picric  acid  (i  part)  with 
bleaching  powder  (10  parts),  and  water  (50  parts)  ;  in  fact,  it  was  first  obtained 
in  this  way  by  Stenhouse,  and  was  from  this  circumstance  called  chloropicrin. 
Trichloronitromethane  is  a  transparent,  colourless,  highly  refractive  liquid,  of 
sp.  gr.  I '66;  it  has  a  peculiar  pungent  odour,  and  attacks  the  nose  and  eyes 
most  violently.  It  is  insoluble  in  water.  When  reduced  with  iron  filings  and 
acetic  acid  it  is  converted  into  amidomethane  or  methylamine: 

CCl^.NO^   +    6H2   =    CH3.NH,    +    2OH,   +    3HCI; 

but  when  heated  with  hydriodic  acid  solution  (sp.  gr.  1*58),  it  is  decomposed 
in  the  following  manner  (Mills) : 

CCl.NO^   +    6HI   =   COg   +    NH.Cl   +    2HCI   +    3I,. 

By  heating  trichloronitromethane  with  a  solution  of  potassic  cyanide,  Bassett 
{Journ.  Chem.  Soc,  xix.  352)  obtained  a  substance  which  he  regards  as  dichloro- 
cyanonitromethane,  CCl^  (CN)  NO^. 

(i2T2)  DiCHLOEODi]siiTEOMETHANE,  0012(^02)2. — When  the  mixture  of 
chlorinated  naphthalenes,  formed  by  passing  chlorine  into  naphthalene  until  a 
buttery  mass  is  obtained,  is  heated  with  nitric  acid,  a  substance  is  produced 
known  as  Marignac's  oil;  it  is  probably  dichlorodinitromethane.  It  closely 
resembles  chloropicrin,  but  cannot  be  distilled  without  undergoing  decomposition. 
Hydriodic  acid  acts  upon  it  in  the  following  manner  (Mills) : 

0(^02)201^  +  7HI  =  NH3  +  NO  4-   OH2  +    2HOI  +  00,  4-  7I. 

(12 13)  BfiOMOTEiNiTEOMETHANE,  0Br(NO2)3,  is  produced  by  the  action  of 
bromine  on  trinitrom ethane  or  its  mercury  derivative.  It  is  a  liquid,  but 
solidifies  at  12°  (53°'6  F.)  to  a  crystalline  solid;  it  is  decomposed  on  distillation. 

(12 14)  Teichloeodibeomoniteoethane,  0.,ClgBr2(N0^) ;  Teichloeo- 
TEINITEOETHANE,  02Ci3(N02)3- — According  toHoch  {Journ.  pr.  Chem.  [2]  vi.  95), 
when  tetrachlorethylene,  0^01^,  is  acted  upon  by  a  mixture  of  concentrated 
nitric  and  sulphuric  acids,  a  nitrotrichlorethylene,  OCI3NO2  is  produced ;  by 
heating  with  bromine  and  liquid  nitric  peroxide  respectively,  this  is  converted 
into  the  compounds  Ol3Br2N02,  and  020l3(N02)3. 

(12 1 5)  The  remaining  nitrobromoparaffins  are  obtained  by  the  action  of 
bromine  on  the  nitroparaffins  in  the  manner  already  indicated.  Trihromo- 
nitromethane  is  most  readily  prepared,  however,  by  distilling  trinitrophenol  with 
bromide  of  lime  : — 4  parts  of  lime  are  slaked  with  50  of  water,  and  when  the 
mixture  is  quite  cold,  6  parts  of  bromine  are  gradually  added  with  constant 
agitation,  great  care  being  taken  to  prevent  any  rise  of  temperature;  i  part  of 
trinitrophenol  is  then  added,  and  the  mixture  rapidly  distilled  from  a  metal 
vessel,  such  as  a  tin  oil-can  (Bola&  and  Groves,  Journ.  Chem.  Soc,  1870,  153). 
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Cyano-derivatives  of  the  Paraffins. 

(1216)  When  bromethane  or  iodethaneis  heated  with  potassic 
cyanide,  or  when  a  dry  mixture  of  potassic  cyanide*  and  potassic 
ethylic  sulphate  is  submitted  to  distillation,  the  product  consists 
mainly  of  a  cyanethane,  or  ethylic  cyanide,  which  yields  propionic 
acid  and  ammonia  when  heated  with  water^  in  the  presence  either 
of  an  acid  or  of  an  alkali ;  thus  : 

CgH^Br   +   KCN   =  CgH^.CN   +    KBr. 

Bromethane.  Cyanethane, 

C2H5.KSO,  +   KCN   =  C2H..CN   4-    K2SO4. 

Potassic  ethylic  sulphate.  Cyanethane. 

C2H5.CN     +     2OH2    =:    C2H5.COOH    +    NH3. 

Cyanethane.  Propionic  acid. 

Gautier  has  shown,  however,  that  if  iode thane  be  heated  with 
argentic  cyanide,  and  the  product  distilled  with  a  potassic  cyanide 
solution,  an  isocyanethane,  or  isoethylic  cyanide,  is  produced, 
which  furnishes  formic  acid  and  ethylamine  when  decomposed 
with  water  in  the  presence  of  an  acid  : 

CgH.I  +  2AgCN  =  CgH^lCNj.AgCN  +  Agl; 

C2H5(CN).AgCN+    KCN    =         CgH^.CN         +   AgCN.KCN. 

C2H5.CN  +    2OH2    =         C2H5.NH2       +   H.COOH. 

Isocyanethane.  Ethylamine.  Formic  acid. 

In  both  cases  the  two  cyanethanes  are  produced,t  but  in  the 
former  the  product  consists  mainly  of  cyanethane,  whilst  in  the 
latter  it  consists  almost  entirely  of  isocyanethane.  Cyanethane 
is  obtained  in  a  state  of  purity  when  propionamide  is 
distilled  with  phosphoric  anhydride  or  phosphoric  pentasul- 
phide  : 

C2H5.CO.NH,    +    Vp,   =    C2H5.CN    +    2HPO3. 

Propionamide.  ^^^^^  Cyanethane.  Metaph<.phoric 


*  Potassic  ferrocyanide  may  be  advantageously  employed  instead  of  potassic 
cyanide. 

t  The  behaviour  of  other  cyanides  with  the  monohaloid  paraffins  has  not 
hitherto  been  sufficiently  studied :  the  proportion  in  which  the  two  cyano- 
derivatives  are  produced  appears,  however,  to  vary  both  with  the  nature  of  the 
reacting  substances  and  the  conditions  of  experiment. 
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On  account  of  its  formation  in  this  way,  cyanethane  is  often 
termed  pro'pioniirile ^  since  it  may  be  regarded  as  a  derivative  of 
ammonia,  in  wliicli  the  3  atoms  of  hydrogen  have  been  displaced 
by  the  triad  radicle  (CgH-.C^^)'''. 

A  method  has  been  discovered  by  Hofmann  which  yields 
isocyanethane  exclusively.  When  ammonia  acts  upon  trichloro- 
methane  in  presence  of  potassic  hydrate,  hydric  cyanide  is  formed, 
thus  : 

HCCI3  -I-  NH3  +  3KHO  =  HCN  +  3KCI   f  3OH2. 

If,  however,  the  primary  monamine,  ethylamine,  be  substituted  for 
ammonia,  isoethylic  cyanide  or  isocyanethane  is  produced  ; 

CHCI3  +  qn^NHg  +  3KHO  =  C,H,.NC  +  3KCI  +  3OH2. 

Ethylamine.  Isocyanethane, 

On  account  of  the  relation  which  it  bears  to  ethylamine,  isocyan- 
ethane is  also  termed  ethylcarh amine. 

Judging  from  the  manner  in  which  the  two  cyanethanes  are 
formed  and  their  behaviour  when  treated  with  various  reagents, 
they  may  be  represented  by  the  formula  : 

C"jJ3  or  C^H.-C^N;  N"'{^^,^=or  C,H,-N=C. 

Cyauethane  or  Propionitrile.  Isocyanethane  or  Ethylcarbamine. 

All  the  methods  of  preparing  the  two  cyanethanes  which  have 
been  mentioned  may  be  generalized,  and  thus  a  series  of  com- 
pounds may  be  produced  bearing  the  same  relations  to  the 
paraffin  methane  and  its  homologues,  that  the  cyanethanes  bear 
to  ethane. 

(i  2 1 7)  The  following  is  a  list  of  the  known  monocyanoparaffins  : 

Cyanoparajffins  or  Nitriles  :  CnH2n+i— C^N. 

B.  P.  (Cent.)  Sp.  Gr. 

Cyanomethane  or  acetonitrile     .     CHg.CN  8i°— 82^  -79 

Cyanethane  or  propionitrile  .     .      CHg-CHj^CN"  9^°— 97° 

Cyanopropane  (primary)  or  buty-  )  CH  .CH,CR  .CN  115^-117° 

ronitrile js^a  ^ 

Cyanopropane  (secondary)  or  iso-  I  (.pj/^jj  x   q-^  io7°— 108° 

butyronitrile J         ^       3/2-  1 

Cyanotetrane  (primary)  or  vale-  I  cw.CH  .CH,.CH,.ON  Ml"  "816  at  0° 

ronitrile J         3222  t 

*^^Ze"kT™!'^'!°\''"!}^H(<^'^3X-™«^^^  i26°-i28°    -822  ato" 


*  The  tertiary  monamines  of  the  form  N  IM"  are  commonly  termed  nitrile 
bases. 
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B.  P.  (Cent.)  Sp.  Gr. 

Cyanotetrane     (tertiary)     or  )  ^,^^  x  ^^^  ^^^^^  ^^^o  ^p^ 

trimethacetonitrile .      .     .  J     ^       ^^^ 
Cyanopentane      (isoprimary)  I  (.jj/(.jj  x  .CH, .CH.CN  146° 

or  isocapronitrile     .      .     .  j         \       3/- 
Cyanopentane     (tertiary)    «4     ^^.^  v  ^ -^  ^.^  about  130° 

dimethethacetonitrile   .     .  /  ^^       3/2  2    s  o 

Cyanoheptane  (?  primary)   or  )  ^^   /CH,),.CH,.CN  194-196° 

caprylonitrile     .      .      .      .  j         3  \       2/6        2 
Cyanoctane    (normal    secon-  )  )(c  H,,)H.C^  206*^ 

dary)  or  pelargonitnle       .  j     ^       3/\   &    u/ 
Cyanohexadecane   or  I  r"  TT    PN 

margaronitrile  ....  j     "    22' 

Isocyano'paraffins  or  Carhamines  :  CnH2ii+l-N  =  C. 

Isocyanomethane      or     methyl- )     jj-^^  58°-59^      755  at  14° 

carbamme j  o         oy         idd        '^■ 

Isocyanethane  or  ethylcarbamine     CHg.CH^.NC  78°— 79°       758  at  4° 

Isocyanopropane     (primary)    ^^  I  (.jj  ^^H  .CH  .NC  95°— 100° 

propylcarbamine     .      .     .      .  j         322 
Isocyanopropane  (secondary),  or  )  cH(CHj,.NC  87^  759  at  0° 

isopropylcarbamine       .      .      .  )         ^       ^'^  '  ^^ 

Isocyanotetrane   (i.oprimary)  or  )  cH(CH3),.CH,.NC  114°-!  17°    783  at  0= 

isobutylcarbamme  ....)         \3/^2  -r            i        1    o 

Isocyanopentane  (isoprimary)  or  \  (. jj/qjj  \  qjj  (.jj  j^q  ^      o 

isoamylcarbamiue   .      .      .     .  j         ^       ^''^'       a'       2*  01 

(12 18)  Properties  of  the  Cyanoparaffins  or  Nitrites. — The  ni- 
triles,  it  will  be  observed^  in  all  cases  possess  a  higher  boiling  point 
than  the  corresponding  carbamines.  They  are  mobile,  colourless 
liquids  of  peculiar  but  not  unpleasant  odour,  and  do  not  appear 
to  be  poisonous;  the  lower  terms  of  the  series  dissolve  easily  in 
water,  but  the  solubility  diminishes  as  they  increase  in  com- 
plexity. They  combine  slowly  with  hydrochloric  acid,  and  some- 
what more  readily  with  hydrobromic  and  hydriodic  acids ; 
thus  cyanethane  forms  with  hydrochloric  acid  the  compound 
C3H5N.HCI,  and  with  hydrobromic  acid  the  compound 
CgHgN.zHBr.  They  do  not  unite,  however,  with  the  oxacids, 
such  as  sulphuric  acid,  neither  do  they  combine  with  the  moniodo- 
paraffins.  They  are  not  affected  by  argentic  or  mercuric  oxides. 
The  nitriles  unite  with  many  chlorides ;  cyanethane,  for  example, 
forming  the  compounds : 

CgH.N.BClg;  C3H3N.AUCI3;   CgH^N.SbClg;  (C3H,N)3.PtCl, ; 
(C3H,N)2.SiCl,;  CgHgN.COa. 

The  cyanoparaffms  or  nitriles  are  decomposed  when  heated 
with  water,  and  ultimately  converted  into  ammonia  and  an  acid  of 
the  acetic  series  with  the  same  number  of  atoms   of  carbon  as 
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the  nitrile^  these  of  course  combine  to  form  the  ammonic  salt : 
this  change  is  greatly  accelerated  by  the  addition  of  an  alkali, 
or  an  acid,  such  as  sulphuric  or  hydrochloric  acid.  The  first 
product  of  the  action  of  water  is  the  corresponding  acid  amide  : 


C„H2„+,.CN  +  OB,  = 

C„H,„^i.CONH,, 

CyanoparafEn. 

Acid  amide. 

CH3CN     +     OH2    = 

CH3CONH2. 

Cyanomethane. 

Acetamide. 

By  the  continued  action  of  water  the  amide  is  converted  into 
the  ammonic  salt  of  the  corresponding  acid  of  the  acetic  series  : 

C,H2„^i.C0NH,  +   OH3  =  C,H,„^i.COONH,. 

Acid  amide.  Ammonic  salt  of  acid, 

CgHg.CONHg        +   OH2  =  CgH^.COONH,. 

Propionamide.  Ammonic  propionate. 

If  the  action  of  water  take  place  in  presence  of  an  alkali, 
free  ammonia  and  the  alkaline  salt  of  the  acid  of  the  acetic  series 
are  obtained;  in  the  presence  of  an  acid,  on  the  other  hand,  the 
products  are  the  free  acid  of  the  acetic  series  and  the  ammonic 
salt  of  the  acid  employed. 

The  cyanoparaffins  are  converted  by  the  action  of  nascent 
hydrogen  into  the  monamidoparaffins,  or  primary  monamines 
containing  the  same  number  of  atoms  of  carbon  : 

C,H2„+i.CN  +  2H,  =  C„H2„^i.CH2.NH3. 
CH3.CN       +  2H2  =  CH3.CH2.NH2. 

Cyanomethane.  Amidoethane  or  Etbylamine. 

These  nitriles  are  readily  attacked  by  sodium  and  potassium,  and 
are  in  part  decomposed,  a  metallic  cyanide  being  formed  and  gas 
evolved ;  at  the  same  time  a  portion  undergoes  polymerization. 
Cyanomethane,  CH^CN,  may  in  this  way  be  converted  into  cyan- 
methine,  CgHgN^  (Baeyer,  Deut.  chem.  Ges.  Ber.,  ii.  319),  and  cyan- 
ethane,  CgHgCN,  into  cyanethine,  C^Hj^Ng  (Frankland  and  Kolbe, 
Ann.  Chem.  Pharm.,  Ixv.  288).  Both  are  crystalline  compounds, 
soluble  in  water;  the  former  melts  at  180° — 181°  {^^6° — 357°"8  F.), 
the  latter  at  190°  (374°  F.).  They  may  be  boiled  and  even 
melted  with  potassic  hydrate  without  suffering  alteration.  They 
form  a  series  of  well-crystallized  salts  with  acids,  such  as 
cyanmethane  hydrochloride,  CgHj^NgCl ;  cyanmethine  nitrate, 
CgH^QTSTgNOg ;  cyanethine  nitrate,  CgH^^gNgNOg ;  and  cyanmethine 
sulphate,  C^gHg^NgSO^. 

(121 9)  Properties  of  the  Isocyanides  or  Carbamines. — They  are 
colourless  liquids,  which  possess  most  nauseous  odours,  and  exert 
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highly  deleterious  effects,  almost  immediately  producing  nausea, 
vertigo,  headache,  and  depression.  The  lower  terms  are  soluble 
in  water,  but  the  solubility  diminishes  as  the  series  is  ascended. 
They  combine  very  readily  with  the  haloid  acids  and  oxacids, 
much  heat  being  evolved  in  the  act  of  combination ;  they  also 
unite  with  the  iodoparaffins  at  ordinary  temperatures.  The 
isocyanoparaffins  or  carbamines  are  oxidized  with  very  great 
readiness  by  mercuric  and  argentic  oxides,  and  converted  into  the 
corresponding  isocyanates  or  carbimides,  thus  : 

C^H^NC    +   HgO  =  C^H.NCO    +    Hg. 

Isocyanethane  or  Ethylic  cyaiiate  or 

ethylcarbamine.  ethylcarbimide. 

Various  secondary  products,  however,  are  usually  formed  at  the 
same  time,  owing  to  the  violence  of  the  action. 

They  are  only  slowly  decomposed  by  pure  water,  or  by  an 
alkaline  solution,  but  are  very  rapidly  changed  when  acted  upon 
by  an  aqueous  solution  of  an  acid,  such  as  sulphuric  or  hydro- 
chloric acid.  They  are  first  converted  into  the  substituted  amide 
of  formic  acid  : 

CN.C.H^,^!   +   OH,   =   HCO.NHC.H^,^! ; 

CN.CH3      +    OH,  =   HCO.NHCH3; 

Isocyanomethatie  Methj  Iformamide. 

or  methylcarbamine. 

and  finally  into  formic  acid,  and  the  amidoparaffin  or  primary 
monamine  containing  one  atom  of  carbon  less  than  the  carbamine  : 

HCO.NHC^Ha^+i   +    OH^  =   HCOOH    +   HN^C^Ha^+i, 

HCO.NHCH3  +   OH2  =    HCOOH   +  NH2CH3. 

Methylformamide.  Formic  acid,  Methylamine. 

The  carbamines  undergo  decomposition  when  heated  in  closed 
vessels  above  their  boiling  points,  but  the  nature  of  the  products 
has  not,  as  yet,  been  .satisfactorily  ascertained ;  a  portion  of  the 
carbamine  appears,  however,  to  be  converted  into  the  corre- 
sponding nitrile. 

(1220)  Sigher  cyano-derivatives  of  the  paraffins. — The  number  of  these 
is  at  present  extremely  limited.  Tricyanomethane  or  cyanoform,  CH(CN)  ,  is 
said  to  be  produced  by  heating  trichloromethane  with  potassic  cyanide  (Fairley), 
or  triiodomethane  with  mercuric  cyanide  (Pfankuch) ;  in  the  later  case,  it  is 
obtained  in  combination  with  mercuric  iodide  as  2CH(CN)3.3Hgl2,  and  can  only 
be  separated  from  it  with  difficulty. 

Dicyanethane,  ethylenic  cyanide  or  succinonitrile,  C2H^(CN)2,  Dicyanojpropane 
or  propylenic  dieyanide,  C3Hg(CN)2,  and  Tricyanoprojpane  or  allylic  tricyanide, 
C,Hg(CN)3,  have  been  obtained  respectively  by  the  action  of  a-dibromethane  or 
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ethylenic  bromide,  i3-dibromopropane  or  propylenic  bromide,  and  a-tribromo- 
propane  or  tribrorahydriii  on  potassic  cyanide.  All  these  bodies  belong  to  the 
class  of  nitriles. 

Haloid  Cyano-derivatives  of  the  Paraffins, 

(1221)  By  distilling  monochlor-,  dichlor-,  and  trichloracetamide  respectively 
with  phosphoric  anhydride,  the  following  chlorinated  derivatives  of  cyanomethane 
or  acetonitrile  have  been  obtained  (Bisschopink,  Deut.chem.  Ges.  Ber.,\\.  731) : 

B.P.  (Cent.)  Sp.  Gr. 


Chlorocyanomethane     or  )  ^^  ^^^^  I23°-I24°  1-204  at  11-2 
chloracetonitnJe  .      .  ) 

Dichlorocyanomethane  or  )  ^HCL CN  Ii2°-ii3°  1374  .  ii°-4 
dichloracetomtrile     .  j            ^ 

ichlorocyanomethane  or  I  ^^^  ^^  83°-84°  i  '439 

trichloracetonitnle     .  J        ^  o         t  -r^y 


Trichl 


12   '2 


This  series  of  derivatives  affords  a  very  remarkable  instance  of  a  depression   of 
boiling-point,  resulting  from  the  introduction  of  chlorine  in  place  of  hydrogen. 

Cyanomethane  and  cyanethane  are  converted  by  heating  with  bromine  into 
the  hydrobromides  of  monobrominated  derivatives  :  CH^,BrCN.HBr  and 
C.,H  BrCN.HBr.  The  action  of  chlorine  on  cyanethane  produces  a-dichloro- 
cyanethane,  C^HgCl^CN. 

(1222)  Constitution  of  the  Fulminates. — When  mercuric  fulminate  (1150) 
is  distilled  with  bleaching  powder  solution,  trichloronitromethane  or  chloropicrin  is 
produced,  and  when  it  is  submitted  to  the  action  of  chlorine,  it  also  yields  tri- 
chloronitromethane together  with  cyanogen  chloride  and  mercuric  chloride. 
These  reactions  led  Kekule  to  the  conclusion  that  the  I'ulminates  contain  the 
nitro-  or  NO^  group,  and  the  cyano-  or  ClN  group,  and  he  therefore  proposed 
for  the  hypothetical -fulminic  acid  the  formula  CH.^.NO^.CN,  which  is  that  of  a 
nitrocyanomethane  or  nitroacetonitrile,  representing  the  action  of  chlorine  on 
the  mercury  derivative  by  the  equation  : 

CHg.NO,.CN    +   3CI2  =    CCl^.NO^    +    CNCl   +   HgCl,. 

MercuricMn.iuate.  .S!^;^^;..       SSS? 

This  view  of  the  constitution  of  the  fulminates  appears  to  have  been  hitherto 
almost  universally  adopted;  recent  additions  to  our  knowledge  tend,  however,  to 
modify  it.  Thus  Meyer's  researches  on  the  nitroparaffins  have  shown  that 
the  introduction  of  the  NOg  group  in  place  of  hydrogen  in  a  paraffin  renders 
only  a  single  atom  of  hydrogen  displaceable  by  metals,  whereas  two  atoms  of 
hydrogen  in  fulminic  acid  may  be  displaced  ;  the  cymioparaffins,  we  know,  have 
no  tendency  to  iorm  metallic  derivatives.  The  formula  CH.^.NO^  CN  would 
indicate,  moreover,  that  the  two  atoms  of  hydrogen  in  fulminic  acid  are  of  equal 
value,  but  this  is  not  the  case  ;  for  on  heatmg  mercuric  or  argentic  fulminate  with 
potassic  hydrate,  only  half  the  mercury  or  silver  can  be  displaced  by  potassium. 
Both  the  cyjinoparaffins  and  the  nitroparaffins  are  compounds  of  very  considerable 
stability,  and  it  therefore  appears  likely  that  a  nitrocyanoparaffin  would  also  be 
a  fairly  stable  substance ;  but  fulminic  acid  is  so  unstable  that  it  cannot  be 
isolated.  An  argument  of  far  greater  weight,  however,  is  derived  from  the  con- 
sideration of  the  circumstance  that  the  fulminates  are  produced  by  the  action  of 
nitrous  acid  on  ethylic  alcohol  in  presence  of  a  salt  of  mercury  or  silver. 
Meyer's  researches  have  shown  that  the  action  of  nitnius  acid  on  the  nitroparaffins 
leads  to  the  displacement  of  hydrogen  either  by  the  KO  or  «i7ro50-group,  or  the 
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N.OH  group;  in  no  case  does  nitrous  acid  produce  nitro-derivatives.  The 
following  may  therefore  be  suggested  as  a  not  improbable  explanation  of  the 
formation  of  fulminic  acid  from  ethylic  alcohol  and  nitrous  acid.  Omitting  the 
metallic  salt,  the  first  action  may  be  supposed  to  occur  in  the  manner  represented 
by  the  equation  : 

CH3  NO.OH         CH,.NO  OH2 

CH,.OH   "^   NO.OH   ~    C(N.OH)OH  OH^* 

The  compound  thus  produced  is  then  converted  by  the  loss  of  the  elements  of  a 
molecule  of  water  into  fulminic  acid  : 

CH,.NO  CH.NO 

I    '  =   OH,    +    II 

C(N.OH)OH  '         C(N.OH) 

If  this  expression  be  adopted,  the  formulae  for  argentic  and  mercuric  fulminates 
would  be  as  follows  : 

0=N-C=C=N-0 

Ag  I  I 

0  =  N-C=.C  =  N-0-Ag    '  f^  ^^* 

o=]sr-c  =  c=:N-o 

Argentic  fulminate.  Mercuric  fulminate. 

By  the  action  of  bromine  and  iodine  on  mercuric  fulminate,  the  mercury  is  dis- 
placed by  the  equivalent  amount  of  bromine  and  iodine,  and  the  so-called  dihrom- 
nitroacetonitrile,  CgBr^N^Oj,  and  diiodonitracetonitrile,  C^IgN^O,,  are  produced  ; 
both  of  these  are  crystalline  substances.  The  bromo-derivative  of  a  compound 
represented  by  the  expression  above  given  would  have  the  formula  NO  —  CBr  = 
C  =  N  —  OBr,  but  such  a  compound  would  probably  be  at  once  converted  by 
"  intramolecular"  change  into  NO  —  CBr  =  CBr  —  NO  j  if  this  be  the  case,  the 
bromo-derivative  of  fulminic  acid  is  a  dinitrosodibromethylene. 

(1223)  Fulminuric  acid,  CgH^OgNg. — The  preparation  of  this  body  from 
mercuric  fulminate  has  been  previously  described  (11 51).  It  only  contains  one 
atom  of  hydrogen  displaceable  by  metals,  but  too  little  is  known  of  its  reactions 
to  enable  us  to  represent  it  by  a  rational  formula.  When  fulminuric  acid  is  acted 
upon,by  a  mixture  of  the  strongest  nitric  and  sulphuric  acids,  a  crystalline  sub- 
stance of  the  composition  CjN^O^  is  produced,  which  Kekule  considers  to  be 
trinitroacetonitrile,  C(N02)3CN.  By  the  action  of  sulphuretted  hydrogen  this 
body  is  converted  into  the  ammonium  derivative  of  a  compound  regarded  as 
dinitroacetonitrile : 

C(N0J,CN   +   4SH,  =    C{N0JXNHJCN   -t-    2OH2   +    4S. 

§   II.  Hydrocarbons  of  the  CJl^^,  or  Olefine  Series. 

(3224)  The  hydrocarbons  of  this  series^  which  is  the  second 
of  the  isologous  series  of  hydrocarbons^  may  be  regarded  as 
derived  fi'om  the  corresponding  paraffins,  CJl2n+2.}  ^J  the 
removal  of  Hg.  Hofmann  proposed  to  distinguish  the  defines  by 
the  termination  ene^  forming  the  name  of  the  oletine  from  that 
of  the  corresponding  paraffin,  by  changing  the  termination  ane 
into  ene :  as  ethane,  ethene ;  in  the  nomenclature  generally 
adopted,  however,  the  ending  is  ylenej  as  ethane,  ethylene. 
3  N 
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Although,  hitherto,  the  series  has  been  but  imperfectly  investi- 
gated, the  following  terms  are  known,  many  of  which  include 
isomerides : 


Ethylene C^H, 

Propylene       ....  CgHg 

Butylene  or  Tetrylene    .  C^Hg 

Amylene  or  Pentylene  .  C^H^^ 

Hexylene C,H^, 

Heptylene      ....  C^H^^ 

Octylene C^H,, 

Nonvlene C„H,„ 


Decylene  or  Diamylene .     .     .  Cj^Hj^j 

Endeeylene ^J^iHaa 

Dodecylene  or  Triisobutylene  .  C^.H^^ 

Pentadecylene  or  Triamylene    .  Cj^Hg^, 

Cetene C^fi.^, 

Tetramylene ^20^40 

Cerotene ^27^54 

Melene Cg^H,, 


The  first  three  members  of  the  series  are  gaseous  at  the 
ordinary  temperature ;  cerotene  and  melene  are  solids,  and  the 
remaining  terms  are  liquids. 

The  compound  CHg  (methylene),  which  might  be  supposed 
to  be  the  first  of  the  series,  has  never  been  prepared,  neither 
does  it  seem  to  be  capable  of  existing,  for  in  those  cases  where 
we  might  expect  to  obtain  it,  .  ethylene  is  produced  instead ; 
thus: 

2CH2I2    +   4Na   =   C^H,   +   4NaI. 

Diiodomethane.  Ethylene. 

(1225)  Methods  of  Formation  of  the  Olefines. — These  hydro- 
carbons, besides  occurring  amongst  the  products  of  the  destructive 
distillation  of  many  organic  substances,  such  as  coal,  may  be 
produced  by  a  variety  of  well  defined  reactions. 

I.  Olefines  are  formed  by  the  action  of  dehydrating  agents, 
such  as  sulphuric  acid,  phosphoric  anhydride,  -and  zincic  chloride, 
on  the  alcohols  of  the  ethylic  or  C^Hgn+i-OH  series ; 

C,H,„^i.OH  =   C,H,„    +    OH,. 
C,H,,.OH  =   C,H,,     4-^  OH,. 

Amylic  alcohol.  Amylene. 

When  sulphuric  acid  is  employed,  it  would  seem  that  the 
action  always  -takes  place  in  two  stages  :  in  the  first  an  acid 
ethereal  sulphate  is  produced,  and  this  is  subsequently  resolved 
into  the  olefine  and  sulphuric  acid ;  thus : 

C,H2.„.0H   +    H,SO,  =  C„H,„^i.HSO,    +   OH,; 
C„H,„^,.HSO,  =   C„H,„  +   H,SO,. 

C2H5.OH    +   H,S0,    =  C2H5.HSO,    +   OH,; 

Ethylic  alcohol.  Ethylic  hydric  sulphate. 

C,H,.HS0,   =   C„H,  +   H,SO,. 

Ethylic  hydric  sulphate.       Ethylene. 
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2.  By  the  action  of  heat  on  the  monohaloid  derivatives  of 
the  paraffins,  or  on  treating  them  vrith  an  alkali,  a  molecule  of 
the  haloid  acid  is  eliminated  and  an  olefine  is  formed.  In  some 
cases  the  action  of  an  alkaline  hydrate  in  aqueous  or  alcoholic 
solution  is  sufficient  to  effect  the  decomposition,  whilst  in  others, 
the  vapour  must  be  passed  over  heated  lime : 

+   HCl. 

+   KCl  +    OH,. 


CnHgn+iCl 

=   C,H,„ 

CgH^Cl    +   KHO 

=    C,H, 

Chlorethane  or 
:thylie  chloride. 

Ethylene. 

3.  Together  with  a  paraffin  by  the  action  of  some  metals  on 
the  monohaloid  derivatives  of  the  paraffins,  as  already  noticed 
(p.  130). 

4.  By  the  action  of  the  zinc  organo- metallic  compounds  on 
the  monohaloid  derivatives  of  the  olefines  : 

Zn(C^H,„^,),  +  C„ 


Zn(C„H 


.H,,.iBr  = 

^n+m-'^2n+2m 

+  ZnBrC,H,,^i 

C.H^Br    = 

=     Cfis 

+ 

ZnBrC^Hg. 

Broniethane  or 
vinylic  bromide. 

Butylene. 

Zincic 
bromethide. 

Zincic 
ethide. 

5.  They  are  also  produced  by  the  action  of  sodium  on  a 
mixture  of  the  monohaloid  derivatives  of  the  paraffins  and 
olefines  : 

CnHg^+iI    +    Co^Hg^.iI    +    2Na    =    C„+n.H2,+2m    +    2NaI. 
CH3I      +       C3H5I       +    ^Na   =  C^Hg         +    2NaI. 

lodomethane  or  a-Iodopropane  Butylene. 

methylie  iodide,  or  allylio  iodide. 

6.  By  the  action  of  sodium  on  dihaloid  derivatives  of  the 
paraffins  : 

C,H,,C1,   +    3Na   =   C^U^    +    2Na01. 

C.Hj^Cl^   +    aNa   =   C.H,,    +    aNaCl. 

Dichloropentane.  Amylene. 

7.  By  the  oxidation  of  the  dibasic  acids  of  the  succinic  or 
CnH2n(COOH)2  series,  during  the  electrol^^sis  of  their  solutions : 

2C,H2,(COOH)2   +    O,  =  2C„H2,  +  4CO2   +   2OH2. 
2C2H,(COOH)2    +02=    2C2H,    +  4CO2   +   2OH2. 

Succinic  acid.  Ethylene. 

8.  In  some  instances,  the  organic  analogues  of  ammonic 
hydrate  split  up  when  heated  into  a  tertiary  monamine,  an 
olefine  and  water  ;  thus  : 

(CjH,),N.OH    =    (C,H,)3N  +   C,H,   +    OH,. 

Tetrethylammomc  hydrate.  Triethylxmiue.  Ethylene. 

N  2 
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(1226)  Properties  of  the  Olefines. — i.  The  defines  are  capable 
of  uniting  directly  with  a  molecule  of  a  halogen,  and  also  with 
iodine  and  bromine  chlorides,  ICl,  BrCl,  and  with  iodine  bromide, 
BrI,  to  produce  dihaloid  derivatives  of  the  paraffins : 

where  X^  represents  a  molecule  of  a  halogen  or  of  a  compound 
of  two  halogens ;  thus  : 

C„H,  +   CI,  =  C,H,C1,.     C3H,   +    Br,   =    C^H.Br,. 

Ethylene.  a-Dichlorethane    Propylene.  /S-Dibroniopropane 

(Ethyleuic  chloride).  (Propylenic  bromide). 

2.  The  olefines  unite  with  the  haloid  acids,  producing  mono- 
haloid  derivatives  of  the  paraffins.  This  combination  takes  place 
most  readily  with  hydriodic  acid,  and  more  readily  with  hydro- 
bromic  than  with  hydrochloric  acid. 

^J^2n     +     HX    =     CnHgn+iX, 

where  HX  represents  a  molecule  of  the  haloid  acid. 

CgHg  +   HBr  =  CgH^Br.       C^Hg  +   HI  =   CJi.L 

Propylene.  /3-Bromopropane      Butyleue.  lodotetrane 

(Isopropylic  bromide).  (Butylic  iodide). 

The  isomeric  olefines  combine  with  the  haloid  acida  with  very  different  degrees 
of  nadiness  :  the  union  being  in  s^ome  cases  easily  effected  by  agitating  the  oletine 
with  a  cold  saturated  solution  of  the  acid,  whilst  in  others  it  is  necessary  to  heat 
more  or  less  in  order  to  cause  them  to  combine.  This  circumstance  may  afford 
a  convenient  means  of  separating  isomeric  olefines,  and  also  of  indicating  the  purity 
of  an  olefine.  It  would  appear  that  those  of  highest  boiling-point  (the  so-called 
normal  olefines)  combine  least  readily,  and  those  of  lowest  boiling-point  at  the 
opposite  extremity  of  the  isomeric  series  most  readily,  the  intermediate  terms 
being  also  intermediate  in  their  behaviour  with  haloid  acids. 

3.  They  also  unite  directly  with  hypochlorous  acid,  forming 
monochlorinated  monohydric  alcohols  or  glycollic  chlorhydrins : 

C^H^,  +  ClOH  =  C^Hg^CLOH. 

C^H,  +   ClOH  =  CgH.Cl.OH. 

Ethylene.  Monochlorethylic 

alcohol. 

These  chlorinated  alcohols  are  readily  converted  into  alcohols 
of  the  ethylic  or  CnHgu+i-OH  series,  by  the  action  of  nascent 
hydrogen. 

4.  The  olefines  unite  with  sulphuric  acid,  forming  acid 
ethereal  sulphates  : 

C„H,„  +   H,SO,  =  C„H,„,i.HSO,. 
C^H^   +   HjSO,  =   C^H^.HSO,. 

Ethylene.  Hydric  ethylic  sulphate. 


+ 

OHg 

= 

HjSO, 

+ 

C„H,„,i.OH 

+ 

OHg 

= 

H,SO, 

+ 

C,H,.OH. 

Ethylie  hydrate. 
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These  sulphates  when  distilled  with  water,  yield  sulphuric 
acid  and  the  corresponding  alcohols  of  the  ethylie  series : 

C'nHgn+i-HSO^ 
C^H^.HSO, 

Hydric  ethylie  sulphate. 

The  experiments  hitherto  made  appear  to  indicate  that  the  combination  of 
the  olefines  with  the  haloid  acids,  with  hypochlprous  acid,  and  with  sulphuric  acid, 
is  governed  by  a  very  simple  law,  which  is  that  the  more  negative  radicle  (X')  of 
the  compound  (HX')  entering  into  union  with  the  olefine,  always  attaches  itself  to 
the  least  hydrogenized  carbon  atom.  Thus  in  the  case  of  propylene  the  following 
reactions  have  been  observed  : 

CH3.CH=CH2    +    HI   =   CH3.CHI.CH3. 

Propylene.  Isopropylic  iodide. 

CH3.CH=CH,   +   Cl.OH   =   CH3.CHC1.CH^(0H). 

Propylene.  Chloropropylic  1  Icohol. 

CH3.CH=CH,    +   H,SO,  -  CH3.CH(HS0J.CH,. 

Propylene.  Isopropylic  hydric  sulphate. 

All  of  these,  it  will  be  observed,  are  in  accordance  with  the  general  equation  : 

CH3.CH=CH2    +    HX'   =    CH3.CHX'.CH3, 

and  it  is  probable  that  the  combination  of  the  olefines   with  other   compounds 
follows  the  same  general  law. 

5.  The  action  of  oxidizing  agents  on  the  olefines  varies  with 
the  nature  of  the  reagent  employed,  and  the  conditions  of 
experiment.  Thus,  according  to  Chapman  and  Thorp  [Journ. 
Chem.  Soc.j  1866,  xix.  491),  a  solution  of  potassic  dichromate, 
to  which  sufficient  sulphuric  acid  is  added  to  form  chromic  sul- 
phate with  the  chromium  and  hydric  potassic  sulphate  with  the 
potassium,  oxidizes  ethylene,  CgH^,  to  carbonic  anhydride  and 
water,  and  converts  amylene,  CgHjy,  from  fermentation  amylic 
alcohol,  into  acetic  acid,  carbonic  anhydride,  and  water  : 

C^Hio   +    70  =   2C,H,0,   +   CO,   +   OH,. 

Amylene.  Acetic  acid. 

Hexylene,  CgH^g,  from  mannite,  yields  propionic  and  acetic 
acids,  carbonic  anhydride  and  water : 

C,Hj,   +   70  =  C3H,0,   +   C,H,0,   +   CO,   +   OH,. 

Hexylene.   .  Propionic  acid.  Acetic  acid. 

Similar  results  are  obtained  with  a  solution  of  potassic  permanga- 
nate acidulated  with  sulphuric  acid. 

Truchot  states,  however  {Compt.  i?e/jc?.,lxiii.  ^74),  that  a  solu- 
tion of  pure  potassic  permanganate  oxidizes  ethylene  to  formic 
acid,  carbonic   anhydride   and   water,  and   propylene,   CgHg,  to 
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acetic  acid,  formic  acid,  and  water,  whilst  amylene  yields  butyric, 
propionic,  acetic,  and  formic  acids.  According  to  Berthelot 
(Compt.  Rend.,  Ixiv.  ^^),  an  alkaline  solution  of  potassic  perman- 
ganate converts  ethylene  into  oxalic  acid,  CgHgO^,  producing  also 
formic  acid  and  carbonic  anhydride ;  propylene  is  said  to  furnish 
malonic  acid,  CgH^O^,  together  with  oxalic,  acetic,  and  formic 
acids ;  and  amylene  appears  to  yield  pyrotartaric  acid,  CgHgO^, 
besides  succinic,  malonic,  and  oxalic  acids,  and  various  ajids  of 
the  acetic  series.  Berthelot  also  states  [ibid.,  Ixviii.  334),  that 
when  a  solution  of  pure  chromic  acid  is  employed,  ethylene  is 
converted  into  aldehyde,  CoH^O  ;  whilst  propylene  furnishes  a 
notable  quantity  of  propionic  acid,  CgHgOg,  besides  acetone, 
CgHgO,  and  acetic  acid ;  amylene,  when  similarly  treated,  yields 
together  with  neutral  products,  a  mixture  of  acids  of  the  acetic 
series,  containing  a  considerable  quantity  of  valeric  acid,  C^H-^^^Oo, 
also  butyric,  propionic,  and  acetic  acids,  and  a  small  quantity  of 
formic  acid. 

6.  The  olefines  undergo  polymerization  with  great  facility ; 
thus  amylene,  C^H^q,  from  fermentation  amylic  alcohol,  when  it 
is  added  to  concentrated  sulphuric  acid,  or  warmed  with  zincic 
chloride,  is  almost  entirely  converted  into  its  polymerides  diamy- 
lene,  0^0^20'  triaraylene,  C^gHg^,  and  tetramylene,  Co^^H^q. 

(1227)  Isomerism  of  the  Olefines. — Although  at  present  com- 
paratively little  is  known  of  the  olefines,  it  appears  probable  that 
they  may  all  be  represented  as  derived  from  ethylene,  H2C  =  CH2, 
by  the  substitution  of  the  so-called  monad  positive  radicles 
CjjHg^^i  for  one  or  more  atoms  of  hydrogen.  According  to 
this  view  only  one  propylene,  CgHg,  is  possible,  having  tlie 
formula  H2C  =  CH(CH3).  If,  however,  the  hypothesis  be 
adopted  that  an  olefine  is  capable  of  existing,  corresponding  to 
each  of  the  isomeric  dihaloid  derivatives  of  the  paraffins,  there 
would  be  two  ethylenes  corresponding  to  the  two  dichlore thanes ; 
thus : 

HH  HH  HH  HH 

^,      i.      '  II  i       I  I       ' 

CI— C— C-^Cl     ;      C=C     .      H— C— C— CI     ;      H— C— CQ. 

,'r       x'r  'I  II  ' 

H    H  H     H  H    CI  H 

a-Dichlorethane.  Ethylene.  /3-Dichlorethane.  EthyUdene. 

(Ltaylenic  chloride).  (Ethylidenic  chloride). 

Similarly  there  would  be  no   less  than  four  propylenes.*     As  a 


*  The  number  of  possible  olefines  also  becomes   largely  increased  if  it  be 
assumed,  that  not  only  may  two  of  the  atoms  of  carbon  in  each  olefine  be  united 
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matter  of  fact,  however,  only  one  ethylene  and  one  propylene 
have  been  isolated.  In  like  manner,  the  former  hypothesis  sup- 
poses the  existence  of  but  three  butylenes :  H2C  =  CH(C2H5) ; 
H2C  =  C(CH3)2;  and  (CH3)HC  =  CH(CH3),  whilst  the  latter  per- 
mits no  less  than  nine  modifications. 

If  the  olefines  be  regarded  as  derived  from  ethylene,  they 
may  be  divided  into  groups,  in  which  one,  two,  three,  or  four 
atoms  of  the  hydrogen  in  the  ethylene  are  displaced  by  radicles 
of  the  form  C^Hgn+i,  as  follows : 


.      II 

;     II    " 

CH.CjiHgn+i 

>      II 

Gboup  I. 

Gboup  II. 

Gfioup  III. 

Gboup  IV. 

Group  V. 

Each  of  these  five  groups  may  be  again  subdivided,  according  to 
the  nature  of  the  C^Hgu+i  radicles. 

The  Table  on  the  following  pages  contains  a  list  of  the  few  ole- 
fines at  present  known,  to  which  rational  formulae  may  be  assigned 
with  more  or  less  confidence.  The  formulse  there  given  are, 
however,  in  many  cases,  merely  those  which  appear  most  pro- 
bable, as  much  experimental  evidence  is  still  wanting  to  render 
our  knowledge  of  this  series  at  all  satisfactory. 

(1228)  Ethylene  or  Ethene. — Olefiant  Gas,  Heavy  Car- 
buretted  Hydrogen,  or  ElayL  C^^^=2'^.l\C=Cn^. — This 
gas  is  formed  together  with  other  hydrocarbons  during  the 
destructive  distillation  of  coal,  and  of  many  resinous  and 
fatty  bodies  ;  it  is  one  of  the  most  important  luminous  consti- 
tuents of  coal-gas.  Berthelot  has  shown  that  it  is  present  in 
small  quantity  amongst  the  products  of  the  destructive  distilla- 
tion of  baric   formate,   (HC02)2Ba,   and   also   that  it   is   formed 


by  two  affinities  of  each,  as  expressed  by  the  formula   H^C  =  CH^,  or  the  two 


affinities  of  a    single  atom   of  carbon  satisfy  each  other  as  in  H^C — CH    (^ 

but  that  free  affinities  may  exist  as  represented  by  the  formulae : 

H    H  H 

II  II 

— C— C—  ;     H-C-C— H 

II  II 

H    H  H 

At  present,  however,  there  does  not  appear  to  be  any  evidence  in  favour  of  this 
assumption. 
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Table  of  Homologous 


C2H4 
C3H6 

C^Hg 
C5H10 

C7H14 
CgHie 
C9H18 
CjoHjo 

C14H28 
C15H30 
CieHaa 

^20^40 

C27H54 
CsoHeo 


Ethylene  .    . 

Propylene  .    . 

Butylene  .    . 

Amylene  .  , 

Hexylene  .  . 


Heptylene   .    . 

Octylene      .    . 

Nonylene    ,    . 

Decylene    .    . 

Endecylene 

Dodecylene 

Tridecylene 

Tetradecylene 

Pentndecylene 

(Triamyleue) 

Hexadeeylene 

(Cetene) 
Tetramylene 

Carotene 

Melene 


CHg 

Series  II 

CHCCjiHjn+i)* 


Formula. 


CHg :  CHa 

CHg :  CH(CH3) 

CHa  :  CH(C2H5) 

CHa  :  CH{C3H7)* 
CHa  :  CHiCaH,)^ 

CHa  :  CH(C4H9)* 
CH2:CH(C4H9)S 

CHa :  CH(C5Hii)'* 

CHa :  CHCCfiHis)" 


CH3 :  CH(C9Hi9) 


B.P.  (Cent. 


CH(CnH2n+l 
Series  II 

CH(CqH2ii^.i) 


Formula. 


abt.  40° 


126° 


CHCCHs)  :  CHCCHa) 
CH(CH3)  :  CHCCaHs) 


B.P. 


3" 
36° 


together  with  methane,  on  passing  sulphuretted  hydrogen  mixed 
with  the  vapour  of  carbonic  disulphide  over  copper  heated  to  dull 
redness;  very  little  ethylene  is  obtained,  however,  the  gaseous 
product  being  chiefly  hydrogen. 

Ethylene  is  also  produced  by  the  action  of  sodium  on 
diiodomethane,  CHgIg ;  by  heating  methylic  alcohol,  CH3.OH,  with 
phosphoric  anhydride ;  and  by  the  action  of  sodium  on  a-diiode- 
thane,  and  on  a-  and  j3-dichlorethane.  Whilst  a-dichlorethane, 
however,  is  readily  attacked  by  sodium  at  a  temperature  below 
the  melting-point  of  the  latter,  /3-dichlorethane  may  be  distilled 
over  the  metal  without  change,  and  is  only  acted  upon  when  the 
two  are  heated  together  to  about  100°  (212°  F.).  The  mono- 
haloid  derivatives  of  the  paraffin  ethane,  CoHg,  yield  ethylene 
when  passed  through   a   tube   heated  to   dull  redness ;    and  it 
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and  Isomeric  Olefines, 


Series 


CH, 


C(CnH2n+i)2 


Formula. 


C5H, :  C(CH3)s 


CH,:C(CH3)(C*H9)" 


B.  P. 


78°— 80= 


CH(CnH2n+i) 

Series  II 

C(CjjH2jj^|)2 


Formula. 


CH(CH3)  :  C{CH3)3 


CH(CH3):C(CH3)(C2H5) 

,  CH(CH3)  :  CCCaHs)^ 
i  CHCCgH,)^  :  C(CH3)2 


B.P. 


35^ 
68°— 72° 

83= 


C(CnH2n+l)2 
Series  II 

C{CnH2n+i)2 


Formula. 


C(CH3)(C3H7)^ :  C(CH3) (CaH,)^ 
(Diamjlene). 

C(CH3)(C^H9)*  :  C(CH3)(C4H9)^ 
(?  Triisobutylene). 


B.P. 


is  also  formed  when  iodethane  or  ethylic  iodide^  ^JgHgl,  is  heated 
■with  an  alcoholic  solution  of  potassic  hydrate ;  the  amount  pro- 
duced, however,  is  extremely  small  in  the  latter  case. 

Kolbe  has  shown  {Ann.  Chein.  Pharm.,  cxxxi.  79),  that  when 
a  solution  of  sodic  succinate  is  submitted  to  electrolysis,  ethylene 
is   evolved  at   the  positive  pole,  together  with    carbonic   anhy- 
dride. 
C^H.lCO^Na),   +    OH2  =  C^H,   +   CO^    +   Na^COg    -f   H^. 

Sodium  succinate.  Ethylene. 

A  very  interesting  mode  of  formation  is  by  the  action 
of  nascent  hydrogen  on  acetylene,  CgHg.  For  this  purpose 
cuprous  acetylide  {vide  acetylene)  is  added  to  a  mixture  of  zinc 
and  dilute  ammonia,  and  the  whole  gently  warmed.  The 
hydrogen  liberated  by  the  action  of  the  zinc  on  the  ammonia, 
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unites  with  the  acetylene  from  the  cuprous  acetylide,  to  produce 
ethylene  :  C^B,  +  Hg  =  CgH,. 

Ethylene  is  usually  prepared  by  heating  ethylic  alcohol  with 
concentrated  sulphuric  acid.  For  this  purpose,  a  mixture  of 
I  measure  of  alcohol  and  4  measures  of  sulphuric  acid  may  be 
gently  warmed  in  a  capacious  glass  flask  or  retort ;  at  first 
the  gas  comes  off  freely,  but  after  a  time  the  mixture  begins  to 
blacken,  and  finally  becomes  thick,  and  froths  up  considerably,  so 
that  the  operation  requires  careful  watching  in  its  latter  stages. 
This  tendency  to  froth  may  be  much  diminished  by  adding 
suflScient  sand  to  the  liquid  to  form  a  thin  paste.  The  ethylene 
thus  obtained  is  accompanied  by  the  vapours  of  alcohol  and  ether, 
and  towards  the  close  of  the  process  by  sulphurous  anhydride 
in  large  quantity. 

The  reaction  which  takes  place  may  be  thus  explained.  The 
alcohol  is  acted  upon  by  the  sulphuric  acid,  and  the  hydric 
ethylic  sulphate  which  is  formed  is  decomposed  at  a  high  tempe- 
rature into  ethylene  and  sulphuric  acid  : 

CgH^.OH    +    H2SO4   =   C^H^.HSO,  +   OHg; 

Ethylic  alcohol.         Sulphuric  acid.    Ethylic  hydric  sulphate. 

and  when  heated : 

C.H^.HSO,  =  C^H,   +   H.SO,. 

Ethylic  hydric  sulphate.      Ethylene.         Sulphuric  acid. 

The  liberated  sulphuric  acid  is  capable  of  again  converting 
alcohol  into  hj^dric  ethylic  sulphate,  which,  in  its  turn,  is  decom- 
posed into  ethylene  and  sulphuric  acid.  In  fact,  on  dropping 
alcohol  into  a  mixture  of  about  30  measures  of  sulphuric  acid 
and  9  of  water,  maintained  at  a  temperature  of  160° — 165° 
(320° — 330°  F.),  an  effervescence  of  the  acid  liquid  takes  place, 
and  water  and  ethylene  gas  pass  over.  In  this  way  a  small 
quantity  of  sulphuric  acid  is  sufficient  to  decompose  a  relatively 
large  quantity  of  alcohol. 

When,  however,  a  considerable  quantity  of  ethylene  is 
required  in  a  continuous  current,  the  following  is  the  best 
process : — 

A  mixture  of  25  grms.  of  alcohol  and  150  grms.  of  sulphuric 
acid  is  placed  in  a  glass  flask  of  2  or  3  litres  in  capacity,  and 
the  neck  of  this  flask  is  provided  with  a  cork,  through  which  are 
inserted  a  bent  glass  tube  and  a  tap-funnel.  The  mixture  is  now 
heated  on  the  sand-bath  until  a  continuous  stream  of  the  gas  is 
evolved,  when  the  tap  of  the  funnel  is  partly  opened,  and  a  cooled 
mixture  of  equal  parts  of  alcohol  and  sulphuric  acid  is  allowed 
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to  drop  in  slowly.  By  carefully  regulating  the  temperature,  and 
the  rate  of  the  flow  of  liquid  through  the  tap,  a  constant 
current  of  ethylene  may  readily  be  obtained.  (Erlenmeyer  a. 
Bunte,  Ann.  Chem.  Pharm.^  clxviii.  64), 

The  crude  gas  prepared  by  these  methods  should  be  passed 
first  into  an  empty  Woulffe^s  bottle,  then  through  a  solution  of 
potassic  or  sodic  hydrate,  and  finally  through  concentrated 
sulphuric  acid  ;  in  this  way  it  is  deprived  of  the  sulphurous  anhy- 
dride and  of  the  vapours  of  alcohol  and  ether  which  accompany  it. 

Ethylene  is  a  transparent  and  colourless  gas ;  it  has  a  faint, 
sweetish,  alliaceous  odour,  and  is  soluble  in  about  12  times 
its  balk  of  cold  water.  It  was  liquefied  by  Faraday  under  great 
pressure,  but  remained  unfrozen  at  —  1 10°  ( — 166'^  ¥,).  Ethylene 
does  not  support  combustion,  but  is  itself  very  inflammable, 
burning  with  a  white  luminous  flame,  which  deposits  car- 
bonaceous matter  abundantly  upon  cold  bodies  introduced  into  it. 
If  passed  through  a  porcelain  tube  heated  to  bright  redness  it  is 
decomposed  :  half  its  carbon  is  deposited,  and  methane  or  marsh 
gas  is  formed,  which  occupies  the  same  volume  as  that  of  the 
ethylene  from  which  it  was  produced.  If  the  temperature  to 
which  the  gas  is  exposed  be  very  high,  all  the  carbon  is 
deposited,  each  volume  of  gas  yielding  2  volumes  of  hydrogen. 

The  composition  of  ethylene  may  be  ascertained  by  detona- 
tion with  oxygen ;  the  explosion,  however,  is  very  powerful,  and 
requires  care,  otherwise  the  eudiometer  will  be  broken.  One 
volume  of  the  gas  requires  for  its  complete  combustion  3  volumes 
of  oxygen  ;  2  volumes  of  carbonic  anhydride  remain  and  repre- 
sent 2  out  of  the  3  volumes  of  oxygen,  whilst  the  other  volume  of 
oxygen  combines  with  2  volumes  of  hydrogen  furnishing  2 
volumes  of  steam,  which  become  condensed :  2  volumes  of 
ethylene,  therefore,  contain  4  volumes  of  hydrogen  or  4  parts  by 
weight  united  with  24  parts  of  carbon  or  what  may  be  2  volumes 
of  carbon  vapour,  C2H4  +  303  =  2C02  +  2H20.  From  these  data 
the  composition  of  the  gas  may  be  represented  in  the  following 
manner  : 

By  weight.  By  vol. 

Carbon         Cg   =    24  or  8571 

Hydrogen    H^  =     4         14*29 


? 


Ethylene     C^gH^  =    28       loo'oo  2 

Ethylene  is  slightly  soluble  in  alcohol,  in  oil  of  turpentine, 
and  in  the  fixed  oils  ;  ether  dissolves  it  more  freely.  It  is  also 
soluble  in   cuprous   chloride   solution.       It   combines   with  sul- 


188  ETHYLENE.  "       [l228. 

phuric  antydride;  hence  it  is  completely  absorbed  by  fuming 
sulphuric  acid,  and  is  somewhat  soluble  in  ordinary  sulphuric 
acid.  Ethylene,  when  mixed  with  an  equal  volume  of  chlorine, 
unites  with  it  and  becomes  condensed  to  a  heavy,  sweetish, 
aromatic  liquid,  which  collects  into  oily-looking  drops,  heavier 
than  water :  it  was  owing  to  this  reaction  that  the  name  of  ole- 
fiant  (or  oil-producing)  gas  was  given  to  it,  and  the  oily 
body  itself  was  commonly  known  as  Dutch  Liquid,  from  the  cir- 
cumstance of  its  discovery  in  Holland.  If  i  measure  of 
ethylene  be  mixed  with  2  measures  of  chlorine,  the  mixture  will 
burn  quietly  on  the  application  of  a  light,  depositing  the  whole 
of  the  carbon  of  the  gas  in  the  form  of  a  dense  smoke,  whilst 
the  hydrogen  unites  with  the  chlorine  to  form  hydrochloric  acid. 
It  also  combines  with  bromine  and  iodine.  Ethylene,  when 
heated  with  a  saturated  solution  of  hydriodic  acid  to  loo 
(212°  F.)  unites  with  it,  forming  iodethane  or  ethylic  iodide, 
CgHgl ;  it  also  combines,  but  less  readily,  with  hydrobromic 
acid ;  and  still  less  readily  with  hydrochloric  acid. 

Ethylene  unites  directly  with  hydrogen  producing  ethane, 
CgHg,  when  a  mixture  of  equal  volumes  of  the  two  gases  is 
placed  in  contact  with  platinum-black  (v.  Wilde,  Deut,  chem.  Ges, 
Btr.,  vii.  ^^'^). 

When  briskly  agitated  with  ordinary  concentrated  sulphuric 
acid,  ethylene  is  slowly  absorbed  by  it,  forming  hydric  ethylic 
sulphate:  C2H4  +  H2S04  =  C2H5.HS04  (Berthelot) ;  if,  however, 
the  acid  be  heated  to  i6o°  — 170°  (320°  — 338°  F.),  the  com- 
bination takes  place  readily,  and  considerable  quantities  of 
ethylic  hydric  sulphate  may  thus  be  prepared  (Butlerow  a. 
Goriainow,  Ann.  Chem.  Fharm.,  clxix.  146).  This  reaction  is  of 
great  interest,  for  on  distilling  hydric  ethylic  sulphate  with 
water,  alcohol  is  produced;  and  since  ethylene  may  be  obtained 
from  acetylene,  and  the  latter  can  be  formed  by  the  direct 
union  of  carbon  and  hydrogen,  it  is  possible  in  this  way  to  build 
up  ethylic  alcohol  from  its  constituent  elements. 

In  order  to  combine  ethylene  with  sulphuric  acid,  Butlerow  uses  the 
following  apparatus.  The  inner  tube  of  a  Liebig's  condenser,  about  i  cm. 
wide  and  -5  to  '6  of  a  metre  long,  is  tilled  with  coarsely- powdered  glass,  and 
closed  at  each  end  by  a  caoutchouc  stopper  pierced  by  two  openings.  A  delivery 
tube  and  a  glass  tap- funnel,  through  which  sulphuric  acid  is  introduced,  are 
passed  through  the  upper  stopper ;  the  lower  stopper  carries  a  tube  extending 
•I  metre  up  into  the  powdered  glass,  through  which  the  gas  is  introduced,  and 
a  second  tube  -termhiating  immediately  above  the  stopper,  through  which  the 
acid  flows  away.  The  latter  tube,  however,  is  bent  outside  the  condenser-tube 
80  that  when  the  bend  is  filled  with  sulphuric  acid,  a  valve  is  formed  which 
prevents  the  escape  of  gas.     The  inner  tube  of  the  condenser  is  heated  by  a 
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current  of  the  vapour  of  boiling  turpentine,  or  some  other  vapour  of  suitable 
temperature,  which  circulates  in  the  annular  space  between  the  two  tubes  of  the 
condenser;  and  whilst  sulphuric  acid  is  slowly  admitted  above  through  the 
tap-funnel  a  current  of  ethylene  is  passed  in  from  below. 

Ethylene  combines  readily  with  sulphuric  anhydride,  forming 
ethionic  anhydride : 

CH,  SO,.O.CH, 

II     '      +      2SO3      =     o 

^^2  SO2— CHg 

Ethylene.  Ethionic  anhydride. 

And  this,  by  contact  with  water,  is  converted  into  ethionic  acid : 


SOg.O.CHg 

I 

O 

SO2— CH2 


OH.      =      I     '  ' 

CH,S02(0H) 


i^ 


Ethionic  anhydride.  Ethionic  acid. 

Chlorhydric  sulphate,  CISO3.OH,  also  readily  unites  with 
ethylene,  forming  the  compound  ClSOg.OCgHg. 

Ethylene  "combines  with  hypochlorous  and  hypobromous 
acids,  forming  the  compounds  CoH^Cl.OH  and  CgH^Br.OH,  and 
also  with  Schiitzenberger's  chlorine  acetate  : 

C2H4  +   CH3.COOCI   =  CH3.COO(C2H,Cl). 

PfhvlPnP  Chlorine  acetate  Chlorethylic  acetate  or 

Ethylene.  cniorme  acetate.  GlycoUic  acetochlorhydrin. 

According  to  Carius  [Ann.  Chem.  Pharm.,  cxxvi.  209),  ethylene 
unites  with  hydric  peroxide,  (OHjg,  forming  glycol,  CgH^  (0H)2 ; 
the  conditions,  however,  under  which  this  interesting  reaction 
takes  place  have  not  been  made  known. 

Besides  those  already  enumerated,  ethylene  unites  with  many  other  com- 
pounds, such  as  the  chlorides  of  sulphur,  SCI2  and  S^Cl^,  forming  the  compounds 
0211^0128  and  C^HgCl^S^ ;  with  Schiitzenberger's  platoso-carbonyl  chloride, 
COPtCl,,  forming  COPtCl^C^H^ ;  and  with  platinous  chloride,  PtCl^,  forming 
PtCl2C2H^  (Birnbaum,  Ann.  Chem.  Pharm.,  cxlv.  67).  This  last  compound 
may  also  be  obtained  by  heating  platinic  chloride  with  alcohol ;  and  by  heating 
ether  with  ferric  chloride,  Kachler  [Deut.  chem.  Ges.  Per.,  ii.  510)  has 
obtained  a  compound  of  ethylene  with  ferrous  chloride,  FeCl^C^H^.  Compounds 
of  ethylene  with  iridium  chloride  and  potassic  or  ammonic  chloride  are  also 
known,  viz.,  IrCl^CC^HJ^CKCl),  and  IrCl.lC^H j^lNH^Cl)^.  All  these  various 
compounds  may  be  regarded  as  formed  by  reactions,  similar  to  those  indicated 
in  the  following  general  equations  : 


(C,H,)'' 

+      XCl, 

=      (C,H^CirxCl„_,. 

C.H, 

+      SCI, 

=      (C^H^CljSCl. 

2(C,HJ'' 

+      XCl, 

(C^H^Cl)'  f  ^^^" 

2C,H, 

+    SA 

=      (C,H,C1),S,. 
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Wken  ethylene  is  passed  into  liquid  nitric  peroxide,  N^O^,  a  crystalline  body 
of  the  composition  C.,H^N„0^  is  produced;  whilst  bypassing  it  into  a  well- 
cooled  mixture  of  concentrated  nitric  and  sulphuric  acids,  the  compound  C^H^N.^Og 
is  formed.  The  latter  is  a  colourless  oil,  of  very  pungent  odour,  which  yields 
glycol  when  heated  with  aqueous  hydriodic  acidj  it  would  appear,  therefore,  to 
be  a  gly collie  nitrate  nitrite  : 

^A{o:nO,   +   4"^  =  ^»"«  {  OH  +  ^^0  +  2I.  +  OH.. 

GlycoUic  nitrate  uitrite.  Glycol. 

(1229)  Polymerization  of  Ethylene. — When  ethylene  is  sub- 
mitted to  the  action  of  the  silent  electric  discharge  it  becomes 
condensed  into  a  liquid  (P.  a.  A.  Thenard ;  v.  Wilde^  Deut.  chem. 
Ges.  Ber.,  vii.  ^^s)-  Polymerides  of  ethylene  are  also  formed, 
although  in  small  quantity,  in  the  preparation  of  the  gas  from 
alcohol  and  sulphuric  acid,  and  in  larger  quantity  by  the  destruc- 
tive distillation  of  the  ethyl  sulphates.  Thus  when  potassic 
ethylic  sulphate  is  distilled,  not  only  is  ethylene  given  off,  but  a 
liquid  polymeride  is  also  obtained : 

C^H^.KSO,     =      C3H,      +      KHSO,. 

Potassic  ethylic  sulphate.  Ethylene. 

On  cooling  this  liquid,  a  crystalline  polymeride  of  ethylene,  the 
so-called  etherin,  separates.      It  melts  at  110°  (230°  F.)  and  boils 

at  260°  (320°  R). 

(1230)  Peopylene  or  Peopene.  — MetTiyl-ethylene  CjHg  =  42. 
H2C=CH(CH3) — This  hydrocarbon  is  present  in  coal-gas,  and  occurs  amongst 
the  products  of  the  destructive  distillation  of  many  organic  bodies.  According 
to  Berthollet,  a  mixture  of  carbonic  oxide  and  methane  yields  propylene  when 
passed  through  a  red  hot  tube  :  2CH^  4-  CO  =  CgHg  4-  OH^.  Propylene  was  first 
obtained  by  Reynolds  in  1851  by  passing  the  vapours  of  fermentation  amylic 
alcohol,  CjHjj.OH,  through  a  tube  heated  to  redness  ;  it  is  also  produced  in  con- 
siderable quantity  when  a  mixture  of  10  parts  of  oleic  acid,  3  of  potassic  hydrate, 
and  3  of  soda-lime  is  submitted  to  destructive  distillation.  Propylene  may  be 
obtained  by  heating  a-  and  /3-iodopropane  (primary  and  secondary  or  isopropylic 
iodide)  with  an  alcoholic  solution  of  potassic  hydrate  : 


CHg.CH^.CH.I   +   KHO   - 

CHg.CH^CH^   +   KI  -h   OH,. 

a-Iodopropane. 

Propylene. 

CH3.CHI.CH3    +   KHO   = 

CH3.CH=CH,   +   KI   -f   OH,. 

/3-Iodopropane. 

Propylene. 

With  the  secondary  iodide,  the  action  takes  place  at  40° — 50°  (104° — 122°  ¥.), 
but  the  primary  iodide  is  not  attacked  nntil  heated  to  a  somewhat  higher  tem- 
perature. It  is  also  formed  by  the  action  of  nascent  hydrogen  from  zinc  and 
glacial  acetic  acid  on  /3-dibromopropane  or  propylenic  bromide  : 

CHj.CHBr.CHj^Br  +  H,  =  CH3.CH=CH2   +    2HBr. 

The  isomeric  -y-dibromopropane  or  methylbromacetol  furnishes  propane  (Linne- 
inann,  Ann,  Chem.  Pharm.,  clxi.  43).     According  to  Reboul,  the  3   isomeric 
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dibromopropanes  (1189)  furnish  the  same  propylene  when  heated  with 
sodium,  but  the  ^  and  y  compounds  are  far  more  readily  *  decomposed  than 
a-dibromopropane,  which  requires  heating  with  sodium  to  160°  (320°  F.). 

Propylene  is  best  prepared,  however,  by  bringing  the  a-iodopropylene  or 
allylic  iodide  in  contact  with  zinc  and  hydrochloric  acid  : 

2H,C=CH.CHJ  +  2Zn  +  2HCI  =  2H,C=CH.CH3  +  Znl^  +  ZnCl^; 

or  by  the  action  of  fused  zincic  chloride  on  isopropylic  alcohol,  CHg.CH(OH).CHg. 
The  mixture  of  the  alcohol  with  2j  times  its  weight  of  zincic  chloride  is 
allowed  to  stand  24  hours,  and  then  heated  gently  on  the  sand-bath,  when  a 
regular  evolution  of  gas  takes  place  (Friedel  a.  Silva).  The  action  of  hydriodic 
acid  on  allylic  iodide  also  gives  rise  to  the  formation  of  propylene.    • 

Propylene,  like  ethylene,  is  a  colourless  gas,  condensible  to  a  liquid  by 
strong  pressure  :  absolute  alcohol  dissolves  12  to  13  times  its  volume  of  the 
gas.  Propylene  combines  readily  with  chlorine  and  bromine,  and  also  unites 
with  iodine  (i  183,  1 194).  It  combines  with  the  haloid  acids  and  with  sulphuric 
acid  far  more  readily  than  ethylene :  in  these  cases  /3-derivatives  of  propane  or 
secondary  or  isopropylic  compounds  are  always  formed  j  thus  : 

CH,=CH.CH3  +  HI  =  CH3.CHI.CH3. 

Pronvlene  ^-lodopropane 

i-ropylene.  ^^  isopropylic  iodide. 

CH  =CH.CH3  f  H„SO,        '^         CHg.CHCHSOj.CHg. 

Propylene.  Isopropylic  hydric  sulphate. 

Markownikoff  has  stated  {Ann.  Cliem.  Pharm.,  cliii.  237)  that  propylene 
unites  with  hypochlorous  acid,  forming  monochlorinated  secondary  propylic 
alcohol : 

CH=CH.CH3   +    CIHO   =    CH,C1.CH(0H).CH3; 

but  Henry,  who  has  recently  examined  this  reaction,  finds  that  monochlorinated 
primary  propylic  alcohol  is  produced  [Compt.  Rend.,  Ixxix.  1258) : 

CH2=CH.CH3   +    ClOH    =    CH,(0H).CHC1.CH3. 

Propylene.  Chloropropylie  alcohol. 

Propylene  readily  undergoes  polymerization  :  thus  the  hydric  isopropylic 
sulphate  formed  by 'the  union  of  propylene  with  sulphuric  acid  gradually  decom- 
poses, even  at  the  ordinary  temperature,  into  sulphuric  acid  and  polymerides  of 
propylene  ;  likewise,  when  a  mixture  of  propylene  and  gaseous  boric  fluoride  is 
allowed  to  stand  over  mercury,  the  propylene  gradually  condenses  into  a  liquid. 

(1231)  BuTYLENE  or  BuTENE.— Teztr^Zewe,  C^Hg=  56. — An  define  of  the 
composition  C^H^  was  first  discovered  by  Faraday  amongst  the  gases  obtained  by 
the  destructive  distillation  of  oil,  and  on  this  account  it  long  went  by  the  name 
of  oil-gas.  Butylenes  have  been  prepared  by  various  methods,  but  the  statements 
with  regard  to  their  properties  are  somewhat  conflicting. 

a-  or  Normal  Butylene. — Ethyl- ethylene,  1^(^=Q>]^{Q,^^. — Wurtz  found 
that  a  mixture  of  iodomethane  and  a-iodopropylene  or  allylic  iodide  diluted  with 
ether,  when  heated  to  100°  (212°  F.)  with  sodium  in  strong  glass  tubes,  yielded 
this  hydrocarbon  : 

CH3I  +  H^C=CH.CHJ  -f  2Na  =  H,C=CH.CH^.CH3.  +  2NaI. 

The  boiling-point  of  the  product  lay  between  —6°  and  +  6°  (2i°'2  and  42°'8  F.). 
With  bromine  it  yields  a  dibroraotetrane,  C^HgBr^,  boiling  at  159°  (3i8°'2  F.)  • 
whilst  with  hydriodic  acid  it  forms  a  secondary  butyl ic  iodide  : 

CH=CH.C,H^    +    HI   -:   CH^.CHLC^H^. 
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When  normal  primary  butylic  iodide  is  heated  with  an  alcoholic  solution  of 
potassic  hydrate,  much  ethyl  butyl  ether  is  produced,  but  at  the  same  time  some 
butylene  is  formed  (Saytzelf,  Journ.  jpr.  Chem.  [2]  iii.  88).  The  boiling-point 
of  this  butylene  was  not  determined,  nor  was  its  bromide  examined,  but  it  is 
probably  a-butylene  formed  in  the  following  manner : 

CH^.CH^.CH^.CHJ  +  KHO   =   CH3.CH,.CH=CH^  +  KI  +  OH,. 

Primary  butylic  iodide.  o-Butylene. 

It  yields  secondary  butylic  iodide  when  combined  with  hydriodic  acid. 

By  the  action  of  zincic  ethide  M  140°  (284°  F.)  on  bromethylene  or  vinylio 
bromide,  Wurtz  obtained  a  butylene  boiling  between  —  8°  and  0°  (i7°-6  and 
32°  F,),  which  combined  with  bromine  to  form  a  dibromotetrane,  C^H^Br^, 
boiling  at  166°  (330°'8  F.)  From  the  mode  of  formation,  there  is  reason  to 
suppose  that  the  hydrocarbon  thus  prepared  is  a-butylene,  thus  : 

CH=CHBr      +      Zn(C,HJ,      =      CH,=CHC,H^      +        ZnBraH^. 

Bromethylene.  Zincic  etbide.  a-Butylene.  Zincic  bromethide. 

The  boiling-point  of  the  dibromotetrane  which  it  yields,  differs,  however,  con- 
siderably from  that  of  the  dibromotetrane  prepared  Irom  allylic  iodide.  Either, 
therefore,  an  isomeric  change  must  have  taken  place  during  the  formation  of 
one  of  these  hydrocarbons,  or  the  dibroraotetranes  were  not  both  obtained  in  a 
state  of  purity  ;  the  latter  appears  to  be  the  more  probable  explanation. 

^-Butylene,  Dimethyl-ethylene,  CHg.HC=CH.CH3.- — Secondary  butylic 
iodide  readily  furnishes  a  butylene,  when  acted  upon  by  an  alcoholic  solution  of 
potassic  hydrate,  which  is  probably  a  dimethyl-eihylene  of  the  above  form,  since 
it  yields  a  chlorinated  secondary  butylic  alcohol  when  combined  with  hypo- 
chlorous  acid : 

CH3.CH^.CHI.CH3  +  KHO  =  CH3.HC.=CH.CH3  +  KI  -f  OH,. 

CH3.HC=CH.CH3  +  ClOH  =  CH3.CHC1.CH(0H).CH3. 

According  to  De  Luynes,  the  butylene  thus  prepared  boils  at  3°  (37°'4  F.),  and 
solidifies  to  a  crystalline  mass  when  cooled  in  a  mixture  of  ether  and  carbonic 
anhydride  in  vacuo ;  with  hydriodic  acid  it  yields  secondary  butylic  iodide.  It 
forms  with  bromine  a  dibromotetrane  which  boils  at  159°  (318°  2  F.)  (Lieben). 

y-Butylene  ;  Dimethyl- ethylene,  (CH,)._jC  =  CH^. — Very  little  butylene  is 
obtained  when  isoprimary  and  tertiary  butylic  alcohols  are  treated  with  sulphuric 
acid  or  zincic  chloride,  the  greater  portion  undergoing  polymerization  at  the 
moment  of  formation;  by  the  action,  however,  of  an  alcoholic  solution  of  potassic 
hydrate  on  the  butylic  iodides  prepared  from  these  alcohols,  an  almost  theoretical 
yield  of  so-called  isobutylene  is  obtained  : 

CH(CH3),.CHJ  +  KHO   =    C(CH3)  =CH,  +  KI  -f  OH,. 

Isoprimary  butylic  iodide.  7-Butylene. 

C(CH,)3l        -H    KHO  =   C(CH3)  =CH,  +  KI  +  OH,. 

Tertiary  butylic  iodide.  y-Butylene. 

It  is  also  produced  when  the  vapours  of  fermentation  amylic  alcohol  are  passed 
through  a  red-hot  tube,  and  by  the  electrolysis  of  an  aqueous  solution  of  potassic 
isovalerate,  in  the  latter  case  accompanied  by  diisobutyl. 

It  may  be  condensed  to  a  colourless  liquid,  which  boils  at  about  —  7°  (i9°'4  F.) 
It  is  entirely  absorbed  by  a  concentrated  cold  aqueous  solution  of  hydriodic  acid, 
with  which  it  unites  more  readily  than  a-butylene,  and  forms  8-iodotetrane 
or  tertiary  butylic  iodide : 

CICH,)  =CH,   +   HI   =    C(CH3)3l. 
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When  isobutylene  is  enclosed  in  a  tube  with  concentrated  hydrochloric  acid,  and 
the  mixture  heated  to  1 00°  (212°  F.),  it  is  entirely  converted  into  S-chloro- 
tetrane  or  tertiary  butylic  chloride.  It  is  also  absorbed  by  a  mixture  of  3  pts. 
concentrated  sulphuric  acid  and  i  pt.  water,  and  partially  converted  into  tertiary 
butylie  hydric  sulphate,  C(CHjj)g.HSO^.  A  considerable  portion,  however, 
undergoes  polymerization,  a  colourless  oil  being  produced,  which  consists  chiefly 
of  triisohutylene,  C^^Hg^,  boiling  at  173°— 176**  (343°'4— 348°-8  F.).  Accord- 
ing to  De  Luynes,  a-butylene  is  also  readily  polymerized  by  sulphuric  acid. 

Isobutylene    combines  with    hypochlorous    acid,  forming    monochlorinated 
Lsoprimary  butylie  alcohol : 

CCCH,)— CH,   +   ClOH   =   CC1(CH,),.CH,(0H). 

This  result,  it  will  be  seen,  is  in  accordance  with  the  law  previously  enunciated, 
that  the  more  negative  radicle  of  the  compound  uniting  with  an  define  attaches 
itself  to  the  least  hydrogenized  carbon  atom.  According  to  Saytzeff,  however, 
butylene  from  primary  butylie  iodide  produces  monochlorinated  secondary  butylie 
alcohol  when  combined  with  hypochlorous  acid ;  if  this  butylene  be  correctly  re- 
presented by  the  formula  above  given,  the  result  would  not  be  in  accordance  with 
the  law  in  question,  which  requires  the  formation  of  a  chlorinated  primary 
butylie  alcohol : 

GH— CHC,H^  4-   ClOH   =   CH,(OH).CHCLC,H,, 

(1232)  Amylene,  Pentylene  or  Pentene  :  C^Hj^=70. — Several  amy- 
lenes  have  been  obtained,  but  as  yet  they  have  been  but  imperfectly  investi- 


Normal  or  a- Amylene,  Propylethylene  :  CHjZlCH.CHg.CH^.CHg  or 
CHjlliCH(CgHy)*. — Wurtz  prepared  this  hydrocarbon  by  acting  on  allylic  iodide 
with  zincie  ethide ; 

CH  — CH.CH.I  +  ZnCC^H,),  =  CH  — CH.CH^.C.H,  +  ZnlC.H,. 

Allylic  iodide.  Zincie  ethide.  a-Amjlene. 

Its  boiling-point  lies  between  35**  and  40"  (95" — 104°  F.),  but  has  not  been 
accurately  determined,  as  the  amylene  can  only  be  separated  with  difficulty  from 
the  pentane  and  other  hydrocarbons  produced  at  the  same  time.  When  the 
mixture  of  chloropentanes  obtained  on  chlorinating  normal  pentane  is  decomposed 
with  potassic  acetate,  it  yields  a  considerable  quantity  of  pentylene  boiling  at 
39° — 40^  (i02°'2 — 104°  F.)  (Schorlemmer) ;  this  product  undoubtedly  con- 
tains a-amylene,  but  probably  mixed  with  an  isomeric  olefine.  a-Amylene 
combines  with  hydriodic  acid,  forming  normal  secondary  amylic  iodide  : 

CH— CHCCjH,)*   +    HI   =   CH^.CHLCgH,. 

a-Amylene.  Amylic  iodide. 

This  iodide  boils  at  146°;  its  sp.  gr.  at  0°  (32°  F.)  is  1*537,  and  at  11" 
(5I°'8  F.)  1-5219;  it  is  only  partially  decomposed  by  moist  argentic  oxide  at 
ordinary  temperatures  (Wurtz.,  Ann.  Chem.  P^ar»^.,  cxlviii,  131).  a-Amylene 
nnites  with  bromine,  forming  a  dibromopentane,  C.H  Br ,  boiling  at  about 
180°  (356°  F.). 

Amylene  from  lsoprimary  amylic  iodide.  Isopropylethylene  {?)-. 
CH— CH(C3H,)^  or  CH—CH.CHICH^)^.— According  to  Flavitzsky  {Ann. 
Chem,  Pharm.,  clxix.  205),  the  amylic  iodide  from  optically  inactive  fermenta- 
tion amylic  alcohol,  when  acted  on  with  an  alcoholic  solution  of  potassic 
hydrate,  furnishes  an  amylene  which  boils  at  25°  (77°  F.).  Most  probably  the 
3  o 
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reaction  which  occurs  in  this  case  is  that  represented  by  the  following 
equation  : 

CHJ.CH^(C3H/   +   KHO   =   KI   +0H,   +   CH— CHCC^H/. 

Amylic  iodide.  Amylene. 

When  this  araylene  is  combined  with  hydriodic  acid,  and  the  resulting  amylic 
iodide  is  decomposed  with  potassic  hydrate,  an  amylene  is  obtained,  boiling  at 
35°  (95°  ^')>  identical  with  that  formed  by  the  action  of  dehydrating  agents 
on  fermentation  amylic  alcohol. 

Amylene  from  isoprimary  amylic  alcohol.  (?)  TrimetJiylethylene : 
C(CH3).,ZZCH.CH3. — This  modification,  which  is  that  commonly  known  as 
"  amylene,"  is  obtained  by  the  action  of  dehydrating  agents  on  fermentation 
amylic  alcohol.  One  of  the  most  convenient  ways  of  preparing  it  is  to  allow  a 
mixture  of  i  pt.  of  the  alcohol  with  1^  pts.  of  zincic  chloride,  to  stand  several 
days  with  frequent  agitation,  and  then  to  distil  until  the  thermometer  indicates 
a  temperature  of  130° — 140°  (266° — 284°  F.) ;  or  i  pt.  of  alcohol  may  be 
slowly  distilled  with  2^  pts.  of  zincic  chloride  until  |  of  the  liquid  has  passed 
over ;  the  remaining  fluid  portion  is  then  poured  off"  from  the  chloride,  and 
the  operation  repeated  3  or  4  times  with  fresh  quantities  of  alcohol.  The 
araylene  is  separated  from  the  distillate  by  fractional  distillation.  It  is  a 
colourless  mobile  liquid  of  sp.  gr.  '663  at  0°  (32°  F.),  and  boils  at  about  35° 
(95°  F.). 

It  was  long  supposed  that  this  amylene  bore  a  very  simple  relation  to  the 
alcohol  from  which  it  is  produced,  its  formation  being  assumed  to  take  place  in 
the  manner  indicated  by  the  equation  : 

CH^(0H).CH,.CH(CH3),    -   OH,   =  CH,ZZCH.CH(CH,V 

Amylic  Alcohol.  Amylene. 

Flavitzsky's  recent  experiments  {loc.  cit.,  and  Deut.  chem.  Ges.  Ber.,  1875, 
viii.  264),  however,  clearly  show  that  this  is  not  the  case,  and  tend  to  prove  that 
the  amylene  prepared  in  the  manner  described  has  the  formula  C(CH3)2lIlCH.CHg, 
an  isomeric  change  having  taken  place  during  its  formation.  The  occurrence  of 
such  change  is  by  no  means  surprising,  for  the  result  of  the  action  of  zincic 
chloride  on  amylic  alcohol  is  extremely  complex :  Wurtz  found  {Ann.  Chem. 
PAarw.,  cxxviii.  225)  that  a  mixture  of  hydrocarbons  of  the  paraffin  and  olefine 
series  was  produced  under  these  circumstances,  in  which  he  was  able  to  prove  the 
presence  of  the  following  members : 


Amylene, 

Pectane, 

Hexylene, 

Hexane, 

Heptylene, 

Heptane, 

Octylene, 

Octane, 

Nonylene, 

Nonane, 

Decylene  or  Diaraylene, 

Decane. 

He  also  obtained  evidence  that  still  higher   terms  of  the  two  series   of  hydro-' 
carbons  were  formed. 

Amylene  combines  directly  with  the  haloid  acids,  with  chlorine  and  bromine, 
with  hypochlorous  acid,  nitric  peroxide,  and  a  number  of  other  compounds.  The 
iodopentane,  or  amylic  iodide,  which  is  formed  b}--  its  union  with  hydriodic  acid, 
boils  at  about  130°  (266°  F.),  but  is  at  the  same  time  partially  decomposed  ;  it 
is  readily  acted  upon  by  moist  argentic  oxide,  being  converted  into  an  amylic 
alcohol,  which  appears  to  be  identical  with  the  tertiary  alcohol,  ethyldimethyl- 
carhinol  (Flavitzsky) : 


1233-]  HEXYLENE.    v  195 

C(CH3)— CH.CH3   +    HI   =    CI(CH3),.CH,.CH3; 

"^  Amylene. 

2CI(CH3VCH,.CH3  +  Ag,0  +  0H,   =    2C(0H)(CH3),.CH,.CH3+ 2AgI. 

Ethyldimethylcarbinol. 

Amylene  is  very  readily  polymerized  by  sulphuric  acid,  but  by  passing  a  slow 
stream  of  carbonic  anhydride  laden  with  amylene  vapour  into  a  mixture  of 
2  pts.  sulphuric  acid  and  i  pt.  water,  a  considerable  amount  of  an  amylic 
hydric  sulphate  is  produced  (Flavitzsky,  Ann.  Chem.  Pharm.,  clxr.  157);  the 
alcohol  obtained  on  distilling  this  compound  with  water  appears  to  be  ethyl- 
dimethylcarbinol (see  Amylic  alcohols,  Isopropylearbinol)  r 

C(CH3)— CH.CH^  +  H^SO,  =    C(HS0J(CH3VCH,.CH,; 

Amylene. 

C(HS0,)(CH3),.CH,.CH3  +  0H,  -    C(OH)(CH3)^.CH,.CH3   +   H^SO,. 

Ethyldimethylcarbinol. 

Amylene  from  ethyldimethylcarhinol. — The  amylene  which  is  produced  by 
the  action  of  potassic  hydrate  on  the  amylic  iodide  from  ethyldimethylcarbinol 
(Jermolajeff,  Deut.  chem.  Ges.  Ber.,  iv.  560)  : 

CI(CH3),.CH,,CH,  +  KHO  =  CCCHg)  — CH.CH3  +  KI  +  OH,, 

Amylene. 

appears  to  be  identical  with  that  which  is  formed  by  the  action  of  zincic 
chloride  on  fermentation  amylic  alcohol  [ihid,,  viii.  264).  It  boils  at  35° 
(95°  F.),  and  combines  with  hydriodic  acid,  reproducing  the  iodide  from  which 

)  it  was  prepared. 

Amylene  from  diethylcarhinol :  CH(CH3)ZZCH(C2Hg).  (?)  MetJiylethyl- 
ethylene. — The  amylic  iodide  from  diethylcarhinol  is  converted  by  potassic  hydrate 

;  into  an  amylene,  which  boils  at  36°  (96°*8  F.) : 

CH3.CH,.CHI.CH,.CH3  +  KHO  =  KI  +  OH,  +  CH3.CHzzCH.CH,.CH3. 

!  It  combines  with  hydriodic  acid,  forming  an  iodide,  which  has  the  same  boiling- 
point  (145°  C.)  and  sp.  gr.  (i'520  at  0°  C.)  as  that  from  which  it  was  obtained 
(Saytzeff  a.  Wagner,  Ann.  Chem.  Fharm.,  clxxv.  351). 

Am,ylenes  from  other  sources. — By  heating  monochlorinated  isoprimary 
amylic  chloride  with  sodium.  Buff  {ihid.  cxlviii.  349)  obtained  an  amylene  boiling 
at  28° — 30°  (82°'4 — 86°  F.),  but  none  of  its  derivatives  were  examined. 

According  to  Le   Bel  {Compt.  Bend.,  Ixxv.  267),  the  oil  obtained  on  dis- 
■tilling  the  pitch  from  Pechelbronn  in  Alsace  contains  two  isomeric  amylenes,  one 
of  which  combines   with  hydrochloric    acid   in    the   cold,    forming  an   amylic 
chloride  boiling  at  85° — 87°  (185" — 188°-6  F.),  the  corresponding  iodide  boil- 
ing at   130°  (266°  F.),  and  the  alcohol,  qH^^.OH,  at  105°  (221°  F.).     The 
second   amylene  requires  to   be  heated   with    hydrochloric  acid  to  produce  the 
I  amylic  chloride;  this  boils  at  95°  (203°  F.),  and  is  converted  by  potassic  iodide 
i  into  amylic  iodide,  boiling  at   145°  (293°  F.),  from  which  an  amylic   alcohol 
.boiling   at    120°  (248°  F.)   may  be  obtained.     These  two  amylenes,  therefore, 
'  Yould  seem  to  be  identical,  the  former  with  ^3-,  and  the  latter  with  «-amylene. 

(1233)  Hexylene  or  Hexe^je  :  CgHj^  =  84. — Although   hydrocarbons  of 
\  he  composition  CgH^g  have  been  obtained  from  a  variety  of  sources  {yid.  Hecht, 
inn.   Chem.  JPharm.,  clxxii,  62)  very  little  is  at  present  known   about  the 
•  :reater  number  of  them. 

'       Normal     or     a-HEXYLENE     or     Hexene.       Primary     hutylethylene  : 

■  Hi  — CH.CH,.CH,.CH,.CH3,  or  CH  — CH(C,H  J*,  is  formed  by  the  action  of  an 

Icoholic  solution  of  potassic  hydrate  on  the  secondary  hexylic  iodide  from  mannite  : 

o  2 
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CH3.CHI(C,H>   +   KHO   =    KI    +    OH^    +    CH  — CH(C,H,)«* 

It  occurs  in  the  light  oils  from  boghead  and  Cannel  coal,  and  is  amongst  the 
products  of  the  decomposition  of  paraffin  by  heat  (1164).  By  acting  with 
potassic  acetate  on  the  mixture  of  chlorohexanes  formed  by  chlorinating  normal 
hexane,  Schorlemmer  obtained  a  hexylene  boilnig  at  about  70°  (158°  F.).  This, 
however,  would  seem  to  be  a  mixture  of  isomeric  olefines.  The  hexylene 
obtained  by  Geibel  and  Buff  (Ann.  Chem.  Pharm.,  cxlv.  no)  on  heating 
dichlorohexane  from  petroleum  hexane  with  sodium  is  probably  a-hexylene. 

a-Hexylene  is  a  colourless  liquid,  which  boils  at  65° — 66^  (^49° — i5o°'8  F.) 
under  the  pressure  of  710  mm.  of  mercury ;  its  sp.  gr.  at  0°  (32°  F.)  is  '6996 
(Hecht,  ibid.,  clxv.  150).  It  unites  readily  with  hydriodic  acid,  reforming 
secondary  hexylic  iodide. 

Hexylene  from  FinacoUc  Alcohol.  (?)  Tertiary  hutylethylene  : 
CH  — CH.C(CH3)3,  or  CH—CH(C,Hg)S.— According  to  Friedel  and  Silva 
{Compt.  Rend.,  Ixxvi.  229)  the  action  of  potassic  hydrate  converts  the  iodide  of 
tertiary  butyl-methyl-carbinol  or  pinacolic  alcohol  into  a  hexylene  boiling  at  about 
70°  (158°  F.): 

CH3.CHI.(C,HJS    +   KHO  =    KI   +   OH,   +    CH— CH(C,HJ8. 

Hexylene  from  diethylmethylcarhinol.  (?)  Dimethylethylethylene : 
CH(CH3)izC(CH3)(C2HJ.— This  hydrocarbon,  produced  by  the  reaction  : 

CH.CH. 


CH3.CH; 
CH, 


CI   +   KHO  =   KI   +    OH,   +   ^^''^  [C=CH.CH3, 


boils  at  68° — 72°  (i54°'4 — i6i°-6  F.)  ;  hydriodic  acid  reconverts  it  into  the 
iodide  from  which  it  is  formed  (Tschaikowsky,  Deut.  chem.  Ges.  Ser.,  v.  330). 

Other  Hexylenes. — Hexylenes  have  been  obtained  by  Prunier  {Compt. 
Rend.,  Ixxvi.  98)  by  the  action  of  nascent  hydrogen  on  bromopropylene, 
and  by  Silva  by  the  action  of  argentic  acetate  on  monochlorinated  diisopropyl  j 
neither  of  these  hydrocarbons  has  been  examined,  however. 

Pechelbronn  petroleum,  according  to  Le  Bel,  contains  two  isomeric  hexylenes, 
one  of  which  combines  with  hydrochloric  acid  in  the  cold,  and  the  other  on 
warming,  forming  hexylic  chlorides  which  boil  respectively  at  about  116* 
(240°-8F.)andi23°(253°-4F.). 

(1234)  Heptylene  or  Heptene  :  CyHj^  =  98. — When  the  isomeric  paraffins, 
normal  heptane,  ethyl-isoamyl,  and  the  hydrocarbon  boiling  at  about  90°  (194°  F.), 
which  is  contained,  together  with  normal  heptane,  in  Pennsylvania  petroleum, 
are  treated  with  chlorine,  monochlorinated  paraffins  are  produced  which  on 
being  decomposed  with  potassic  acetate  yield  heptylenes ;  in  each  case,  however, 
the  product  appears  to  be  a  mixture  of  isomeric  olefines  (Schorlemmer,  Journ. 
Chem.  Soc,  1873,  xxvi.  323).  Thus,  of  the  heptylene  from  normal  heptane 
which  boils  at  about  98°  (2o8°'4  F.),  somewhat  less  than  one-half  com- 
bines with  cold  hydrochloric  acid,  producing  a  heptylic  chloride  which  boils  wit! 
decomposition  at  about  140°  (284°  F.) ;  the  remaining  portion  of  the  hydro- 
carbon when  heated  at  120°  (248"  F.)  with  hydrochloric  acid  forms  an  isomeric 
heptylic  chloride  boiling  at  147° — 150°  (300°"2 — 302°  F.).  The  hydrocarbon! 
from  which  this  latter  is  produced  is  probably  a-  or  normal  heptylene,j 
CH2li:CH(C5H  )".  By  far  the  greater  portion  of  the  heptylene  boiling  at 
90"* — 92°  (194  — 197°'6  F.),  from  the  isomeric  heptane  from  petroleum,  com- 

*  If,  however,  the  butylene  from  secondary  butylic  iodide  has  thej 
constitution  CH(CH,)ii:CH(CH3),  it  is  very  probable  that  this  hexylene  is  I 
CH(CH3)=CH(C3H>. 
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bines  readily  with  cold  hydrochloric  acid ;  but  only  a  little  more  than  one-half 
of  the  heptylene  boiling  at  about  91°  (i95°'8  F.)  from  ethyl-isoamyl  combines 
with  this  acid  in  the  cold,  forming  a  heptylic  chloride  boiling  at  134° — 137° 
(273°-2— 278°-6  F.). 

Septylene   from    dimethylisohutylcarhinol.     (?)    DimethylisopropyletJiy- 

lene  :    \\  or    C(CH3)  — CHCC^H,)^.— The   iodide   of    dimethyl- 

CH.CH(CH3X 

isobutyl-carbinol,  when  decomposed  by  an  alcoholic  solution  of  potassic  hydrate, 
yields  a  heptylene  boiling  at  83° — 84°  (i8i°*4— 183°*2  F.)  of  the  sp.  gr. 
•714  at  0°  (32°  F.): 

iCH,.CH(0H3),  CH.CH(CHJ, 

Dimethylisobutylic  iodide. 

This  heptylene  combines  very  readily  with  hydriodic  acid,  reproducing  dimethyl-' 
isobutylic  iodide  (Pawlow,  Beut.  chem.  Ges.  Ber.,  vii.  729). 

A  heptylene  which  is  very  probably  identical  with  that  from  dimethyl- 
isobutyl-carbinol  was  obtained  by  Markownikoff  {Zeits.  Chem.,  187 1,  268)  by 
heating  oxyisocaprylic  acid  with  water  and  a  few  drops  of  sulphuric  acid  to 
160°  (320°  F.): 

(rairal^^^^)-^^^^     =11        "  +    OH,    +    CO,. 

^^^3^2^^  J  CH.CHCCH,), 

Oxjisocaprylic  acid. 

It  boils  at  8i°— 83°  (i77°-8— i8i°-4  F.),  and  at  14°  (57°-2  F.)  has  the  sp.  gr, 
•6985.  _ 

Sejptylene  from  triethylcarhinol :    C(C2H5)2 CH.CH3;,  or  Methyldiethyl- 

ethylene. — When  triethylcarbinol  is  heated  with  an  oxidizing  mixture  of  potassic 
dichromate  and  sulphuric  acid,  a  small  quantity  of  a  heptylene  is  produced, 
which,  however,  has  not  yet  been  examined.  Its  formation  is  doubtless  due  to 
the  dehydrating  action  of  the  sulphuric  acid. 

(1235)  OcTYLENE  or  OcTENE :  CgHj^g=ii2. — Normal  or  a-Octylene. 
Sexylethylene :  CH2ZZCH(CgH^3)'*,  which  is  obtained  by  distilling  the  normal 
secondary  octylic  alcohol,  methyl-hexyl-carbinol,  with  fused  zincic^  chloride  : 

CH3.CH(0H).C.H,,  =   OH,.   +   CH-CH.C,H,3, 

Methylhexylcarbinol.  Octylene. 

is  the  only  octylene  which  has  yet  received  attention.  It  is  a  colourless  liquid, 
which  boils  at  126°— 128°  (258°-8— 262°-4  F.),  and  at  25°  (7i°-6  F.)  has  the 
sp.  gr.  •7i4(Neison,  Journ.  Chem.  Soc,  1874,  xxvii.).  It  unites  with  bromine,, 
forming  a  dibromoctaue,  which  is  decomposed  on  distillation  ;  with  chlorine  it 
produces  a  dichloroctane,  which  boils  at  205° — 210°  (401° — 410°  F.). 

(1236)  NoNYLENE  or  NoNENE:  CgH^g=  126. — Nouc  of  the  Nonyleucs  havc 
hitherto  been  examined. 

(1237)  Decylene  or  Decene  :  Cj^H,^j=i4o. — The  only  decylene  which 
has  been  examined  is  the  so-called  Diamylene,  which  is  formed  together  with 
amylene,  triamylene,  tetramylene,  &c.,  by  the  action  of  zincic  chloride  on  fermen- 
tation amylic  alcohol.  It  is  best  prepared,  however,  by  the  action  of  sulphuric 
acid  on  amylene.  For  this  purpose,  a  quantity  of  amylene  not  exceeding. 
50  grammes  is  introduced  into  a  stoppered  glass  cylinder  placed  in  ice-cold  water^ 
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and  twice  its  volume  of  a  well-cooled  mixture  of  2  vols,  concentrated  sulphuric 
acid  and  i  vol.  water  is  added.  The  reaction  is  at  first  violent,  and  much  heat 
is  evolved  ;  but  as  soon  as  it  has  moderated,  the  mixture  should  be  shaken  from 
time  to  time  until  no  further  action  is  observed ;  the  oily  layer  floating  on  the 
sulphuric  acid  is  then  removed,  washed  with  water,  dried  over  calcic  chloride, 
and  the  diaraylene  separated  by  fractional  distillation.  Diamylene  thus  pre- 
pared boils  at  150° — 153°  (302° — 307°*4  F.)  under  the  pressure  of  720  mm.  of 
mercury;  its  sp.  gr.  at  0°  (32°  F.)  is  -8416,  and  at  20°  (68°  F.)  '8248 
(Schneider,  Ann.  Chem.  Pharm.,  clvii.  207). 

The  conversion  of  amylene  into  diamylene  by  sulphuric  acid,  and,  in  fact, 
the  polymerization  of  the  defines  generally  under  the  influence  of  that  reagent,  is 
readily  explained,  on  the  supposition  that  the  olefine  at  first  enters  into  union 
with  the  acid,  and  that  the  resulting  compound  is  broken  up  again  into  sulphuric 
acid  and  olefine,  two  or  more  molecules  of  the  latter  coalescing  at  the  moment  of 
separation  to  form  the  polymeric  hydrocarbon.  If  the  formula  assigned  to 
diamylene  by  Batlerow  {Ann.  Chem.  Pharm.,  clxxiii.  375)  be  adopted,  the 
conversion  of  amylene  into  diamylene  may  be  thus  represented : 

C(CH3),  C(HS0J(CH3), 

II  +     H,SO,     =      I  ; 

CH.CH3  CH^.CH, 

Amylene. 

C(HSO,)(CH,),  CH(CH3), 

I  =     H,SO,     +      I  ; 

CH,.CH3  -CCH3 


:C(CH3)(C3H/ 


Amylene. 
C(CH3)(C3H,)^ 

C(CH3)(C3H/  * 

Diamylene. 


The  amylene,  which  boils  at  25°  (77°  F.)  is  also  converted  into  the  same 
diamylene  by  sulphuric  acid  : 

CH(C3H/  CH(HS0,)(C3H,)^ 

I  I  +    H,SO,   =.     I  ; 

CH,  CH, 

Amylene. 

CH(HS0J(C3H/  ~C(C3H/ 

I  =  I  +        H,SO,; 

CH,  CH3 

Amylene. 

C(CH3)(C3H,)^ 
2  IZC(CH,)(C3H/       =      11 

C(CH3)(C3H,)^ 

Diamylene. 

Diamylene  combines  with   bromine,   forming   a   dibromodecane  or  diamylem 
bromide,  C^gHg^Br^,  which  cannot  be  distilled  without  decomposition. 

(1238)  Other  Olefines. — A  number  of  higher  homologues  of  the  olefines 
have  been  imperfectly  described.  Some  of  these  are  met  with  amongst  the 
products  of  destructive  distillation,  and  others  have  been  prepared  artificially ; 
the  properties  of  none  of  these  hydrocajbons,  however,  have  been  examined. 
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An  endecylene,  Cj^Hj^,  is  obtained  on  distilling  the  bromendecane  obtained  from 
methylnonylcarbinol,  CH(CH3)(C,H,,)- OH ;  it  boils  at  200°  (392°  F.). 
Triamylene  and  tetramylene  are  products  of  the  action  of  sulphuric  acid,  &c.  on 
amylene  from  fermentation  amylic  alcohol ;  they  are  oily  liquids,  which  boil  at 
248°  (478°-4  F.)  and  390°— 400°  (734°— 752°  F.).  Cetene,  O^Ji^^,  Cerotene, 
C^Hg^,  and  Melene,  Cg^jHg^,  are  obtained  on  distilling  cetylic,  cerylic,  and  melissic 
alcohols,  which  are  thereby  resolved  into  the  corresponding  olefines  and 
water;  cetene  is  a  liquid  which  boils  at  275°  (527°  F.),  butcerotene'and  melene 
are  cryvstalline  bodies  which  are  decomposed  on  distillation. 


Haloid  Deeivatives  op  the  Olefines. 

(1239)  At  present  our  knowledge  of  the  haloid  derivatives  of  the  olefines  is 
somewhat  limited.  Preparation. — They  cannot  be  produced  by  the  action  of 
the  halogens  on  the  olefines,  but  are  obtained  by  withdrawing  the  elements  of  a 
molecule  of  hydrochloric,  hydrobromic,  or  hydriodic  acid  from  the  chloro-,  bromo-, 
or  iodo-derivatives  of  the  parafiins  (excepting  the  mono-derivative;*,  these  furnish- 
ing the  olefines),  which  for  this  purpose  are  usually  heated  with  an  alcoholic  solution 
of  potassic  hydrate.  Thus  when  a-  or  /3-dichlorethane  (ethylenic  or  ethylidenic 
chloride)  is  submitted  to  the  action  of  potassic  hydrate,  moTwchlor ethylene y  or 
vinylic  chloride  as  it  is  frequently  termed,  is  produced : 


CH,C1.CH,CI   +    KHO 

=   CH  — CHCl   +    KCl    +    OH3. 

a-Dichlorethane. 

Monochiorethyleae. 

CH,.CHC],    +    KHO 

=   CH  — CHCl   +    KCl   +   OH,. 

iS-Dichlorethane. 

Monochlorethylene. 

The  chlorethylene  thus  formed  may  be  combined  with  chlorine,  producing  a 
triehlorethane,  C^HgCl,,  which  furnishes  dichlor ethylene,  CgH^Cl^,  when  acted 
upon  by  potassic  hydrate ;  and  from  which  in  turn  tetrachlorethane,  CgH^Cl^, 
may  be  prepared  and  converted  into  trichlor ethylene,  CgHCl,, ;  and  finally  the 
pentachlorethane,  Q^0\^,  procured  by  combining  trichlorethylene  with  chlorine, 
may  be  made  to  furnish  tetrachlorethylene,  C^Cl^.  The  chlorinated  paraffins 
obtained  by  directly  chlorinating  paraffins,  in  moat  cases  are  also  available  for  the 
preparation  of  chlorinated  olefines ;  bromo-derivatives  of  the  olefines  may  also  be 
obtained  in  a  precisely  similar  manner.     Very  few  iodo-olefines  are  "known. 

Haloid  derivatives  of  the  olefines  are  also  obtained  by  combining  the  hydro- 
carbons of  the  CnH2Q_  2  or  acetylene  series  with  the  haloid  acids  and  halogens. 
Thus  acetylene  unites  with  chlorine  to  form  a  dichlorethylene  : 

C,H,   +    CI,   =    C,HA; 

Acetylene.  Dichlorethylene. 

whilst  with  hydriodic  acid  it  produces  iodethylene  : 
C,H,    +    HI   =    C;HJ. 

Acetylene.  Iodethylene. 

Properties  of  the  haloid  derivatives  of  the  olefines. — They  are  capable  like 
the  olefines  of  combining  with  the  halogens  in  the  manner  described  above,  and 
also  with  the  haloid  acids  and  with  hypochlorous  acid ;  probably  too,  with  many 
other  compounds  which  unite  with  the  olefines. 

In  connexion  with  the  olefines,  attention  has  been  already  called  to  the  law 
which  appears  to  govern  the  combination  of  the  olefines  with  other  compounds — 
viz.,  that  the  more  negative  radicle  of  the  compound  entering  into  union  with 
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the  olefine,  attaches  itself  to  the  least  hydrc^enized  carbtm  atom  in  the  olefine. 
It  has  yet  to  be  ascertained  whether  this  law  obtains  throughout  the  whole  series 
of  olefines,  and  whether  it  is  not  more  or  less  dependent  upon  the  conditions  oi 
experiment.  In  the  case  of  the  haloid  derivatives  of  the  olefines,  it  is  known 
that  the  mode  of  combination  with  the  haloid  acids  is  entirely  dependent  upon 
the  conditions  at  the  moment  of  union.  Thus,  bromethylene  combines  with 
hydrobromic  acid,  producing  both  a-  and  /3-dibromethane : 

CH  — CHBr   +    HBr   =    CH.Br.CH^Br. 

Bromethjlene.  a-Dibiomethane. 

CH^CHBr   +    HBr   =    CH,.CHBr,. 

Bromethjlene.  P-Dibromethane. 

The  former  is  mainly  produced  by^the  action  of  a  very  concentrated  solution  of 
the  acid  acting  at  the  ordinary  temperature,  whilst  the  latter  is  chiefly  formed  by 
the  action  of  a  less  concentrated  solution  at  a  temperature  of  ioo°  (212°  F.). 
(Reboul,  Compt.  Rend.,  Ixx.  398  a.  853.) 

It  is  an  interesting  circumstance  that  the  converse  appears  to  hold  good  ii> 
the  case  of  the  formation  of  certain  of  the  haloid  derivatives  of  the  olefines 
from  haloid  derivatives  of  the  paraffins.  Thus  the  chloro-  and  bromopropylenes 
formed  by  heating  /S-dichloro-  and  /3-dibromopropane  with  an  alcoholic  solution 
of  potassic  hydrate,  are  each  mixtures  of  two  isomeric  bodies  : 


CH3.CHC1.CH2C1 

+ 

KHO 

= 

CH,.CHz 

ZCHCl 

+ 

KCl 

+ 

OH,. 

p-Dichloropropane. 

Chloropropylene. 

CH^.CHaCH,Cl 

+ 

KHO 

= 

CH^.CCll 

ZCH, 

+ 

KCl 

+ 

OH, 

Like  the  olefines  themselves,  the  haloid  derivatives  of  the  olefines  in  many  cases 
readily  undergo  polymerization. 

(1240)  Haloid  Deeivatiyes  op  Ethylene.  Monochloeethylene. 
Vinylic  chloride:  C^H^Cl  =  H^CziCHCl  =  62-5. — This  compound  is  pre- 
pared by  heating  a-dichlorethane  or  ethylenic  chloride,  CH^CLCH^Cl,  with  an 
alcoholic  solution  of  potassic  hydrate ;  it  is  also  obtained  in  a  similar  manner, 
although  less  readily,  from  ^-dichlorethane  or  ethylidenic  chloride,  CHj.CHCljj.  It 
is  a  colourless  gas,  having  an  alliaceous  odour,  and  may  be  condensed  by  cold 
to  a  liquid  boiling  at  -  18°  (-  o°-4  F.). 

a-Dichlorethane  is  usually  prepared  for  the  above  purpose  by  allowing  a 
current  of  chlorine  and  a  current  of  ethylene,  both  in  a  moist  state,  to  meet  in  a 
large  glass  globe  exposed  to  diffused  daylight.  It  may  also  be  procured  by 
Limpricht's  method  of  passing  ethylene  gas  through  a  mixture  of  manganic 
peroxide  and  hydrochloric  acid,  which  is  gently  heated,  and  the  mixtui-e  distilled 
when  the  gas  ceases  to  be  absorbed ;  but  a  far  better  method  is  to  pass  ethylene 
into  antimonic  chloride,  SbCl^,  as  long  as  it  is  absorbed,  or  when  a  large  quantity 
is  required,  ethylene  and  chlorine  simultaneously  into  antimonic  chloride.  The 
product  is  then  distilled  until  the  distillate  no  longer  yields  an  oily  liquid  on  the 
addition  of  water.  The  oil  obtained  by  either  of  these  processes  is  separated 
from  the  aqueous  liquid  and  agitated,  first  with  a  dilute  solution  of  sodic  hydrate, 
and  then  successively  with  small  quantities  of  concentrated  sulphuric  acid  as  long 
as  the  latter  becomes  coloured.  It  is  finally  rectified.  The  pure  substance  is  a 
colourless  liquid,  which  is  insoluble  in  water,  but  miscible  with  alcohol  and  ether 
in  all  proportions. 

There  is  reason  to  believe  that  a-dichlorethane  is  produced  together  with 
)3>dichlorethane  by  the  action  of  chlorine  on  monochlorethane  or  ethylic  chloride. 
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since  it  is  obtained  as  a  bye-product  in  the  manufactlire  of  chloral  (Kramer,  Deut. 
chem.  Ges.  Ber.,  iii.  257). 

DiCHLOEETHYLENE  :  C2H2Cl2  =  97. — a-Trichlorethane  or  chlorethylenic 
chloride,  is  readily  converted  by  the  action  of  potassic  hydrate  into  jS-dichlor- 
ethylene ; 

CHjClOHCl^   +    KHO   =    CH  — CCl,    +    KCI   +    OH,. 

It  is  a  colourless  liquid,  boiling  at  37°  (98°'6  F.).  (Kramer.)  According  to 
Berthelot  and  Jungfleisch  {Compt.  Bend.,  Ixix.  542),  an  isomeric  compound, 
a-dichlorethylene,  CHClZZCHCl,  boiling  at  about  55°  (131°  F.),  is  obtained 
on  heating  the  crystalline  compound  C2H2SbCl.,  which  is  produced  by  passing 
acetylene  into  antimonic  chloride:  C^H^SbClj  =  C^H^Cl^  +  SbCl^  (p.  212). 

TfiiCHLOEETHYLENE :  C3HCI3  =  13 1*5. — This  body  is  produced  by  the 
action  of  potassic  hydrate  on  a-tetrachlorethane  or  dichlorethylenic  chloride,  and 
also  by  the  action  of  nascent  hydrogen  on  tetrachlorethylene.  It  is  a  colourless 
liquid,  boiling  at  about  88°  (i90°'4  F.). 

)3-Tri-  and  /3-tetrachlorethane  (chlor-  and  dichlorethylidenic  chloride)  are 
decomposed  by  potassic  hydrate  far  less  readily  than  their  isomerides;  the 
resulting  compounds  (di-  and  trichlorethylene)  have  not  as  yet  been  examined. 

Teteachloeethylene.  Bichloride  of  Carbon  :  C^Cl^^^  166. — This  com- 
pound was  first  obtained  by  Faraday,  who  prepared  it  by  passing  the  vapour  of 
hexachlorethane,  C^Cl^,  through  a  red-hot  tube ;  it  is  also  formed  by  adding 
hexachlorethane  to  a  mixture  of  zinc  and  dilute  sulphuric  acid,  or  by  the  action 
of  potassic  hydrate  on  pentachlorethane.  It  is  a  mobile  colourless  liquid,  which 
boils  at  121^  (249°-8  F.),  and  has  a  sp.  gr.  of  1-659  at  0°  (32"  F.). 

(1241)  Monobeomethylene. — Vinylic  bromide  :  CgHgBr  or  H^ClZlCHBr 
=  107.— According  to  Semenoff  {Jahrb.  CJiem.,  1864,  480),  this  compound 
is  most  conveniently  prepared  by  adding  an  aqueous  solution  of  potassic  hydrate 
to  a-dibromethane,  and  dropping  in  alcohol  until  the  two  layers  disappear  and  a 
homogeneous  mixture  is  obtained;  it  is  then  distilled  off  at  a  temperature  of 
45° — 50°  (104° — 122°  F.)  and  purified  by  rectification.  Bromethylene  is  a 
colourless  liquid  which  boils  at  about  24'°  (75°'2  F.). 

The  a-dibromethane  or  ethylenic  bromide,  required  for  the  production  of 
bromethylene,  may  be  prepared  by  passing  a  current  of  ethylene  through 
bromine,  or  by  placing  bromine  and  a  little  water  in  a  large  bottle  previously 
filled  with  ethylene,  and  then  passing  in  the  gas  as  fast  as  it  is  absorbed ;  com- 
bination takes  place  rapidly  if  gently  agitated,  and  the  temperature  rises  sensibly. 
The  bromine  is  quickly  decolorized,  and  an  ethereal  liquid  of  pleasant  odour  is 
obtained,  having  a  pungent,  sweetish  taste,  and  which  may  be  purified  like  the 
chlorine  compound,  a- Dibromethane  is  a  colourless  liquid,  but  solidifies  at  a 
low  temperature  to  a  crystalline  mass,  which  melts  at  9^  (48°' 2  F.). 

Dibeomethylene  :  CgHgBr^^^  186. — Bromethylene  readily  combines  with 
bromine,  forming  a-fcribromethane,  CH^Br.CHBr^,  which  is  also  produced  by  the 
action  of  bromine  on  bromethane  or  ethylic  bromide,  and  on  a-dibromethane  at 
1 80°— 200°  (356° — 392°  F.).  a-Tribroraethane  boilsconstantly  afc  191'' (375°*8 
F.),  and  has  the  sp.  gr.  2*624  at  16°  (6o°*8  F.) ;  it  is  violently  acted  upon  by 
sodic  ethylate,  yielding  a  mixture  of  the  two  isomeric  dibromethylenes,  thus  : 

CH^Br.CHBr,  4-  NaOC^H,  =  CHBrlzCHBr  +  NaBr  +  HOC^H,. 
CH^Br.CHBr,  +  NaOC^H,  =  CH  ~  CBr,    +  NaBr  +  HOC^H^. 

When,  however,  it  is  heated  with  potassic  acetate  and  alcohol  to  150°  (302°  F.), 
/3-dibromethylene,  CH^ZZCBr^,  alone  is  produced. 

a-Dibromethylene,  CHBr" CHBr,  boils  at   i57°(3i4°-6  F.),  and  at  17° 
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(62°-6  F.)  has  the  sp.  gr.   2-12  ;  /3-dibromethylene,  CH^ZZCBr^,  boils   at   91" 
(i95°-8  F.)  (Tawildarovv,  Ann.  Chem.  Pharm.,  clxxvi.  22). 

Teibbomethylene  :  C2HBr3=  265. — The  statements  with  regard  to  this 
compound  and  to  the  tetrabromethanes  from  which  it  is  derived  are  somewhat 
discrepant.  According  to  Sabanejeff,  the  tetrabromethane  obtained  by  combining 
bromine  with  acetylene  (p-2i3)  is  a  liquid  which  does  not  solidify  in  a  freezing 
mixture,  and  decomposes  on  distillation  at  190°  (374°  F.)  with  evolution  of 
much  hydrobromic  acid,  whereas  Beraud  obtained  a  crystalline  tetrabromethane, 
melting  at  42*  (io7°"6  F.),  by  the  action  of  bromine  on  acetylene-silver  sus- 
pended in  water,  and  Lennox  obtained  a  tetrabromethane  from  crude  dibrom- 
ethylene  and  bromine,  which  crystallized  when  cooled  (Tawildarow,  loc.  cit.). 
Burgoin  has  recently  prepared  a  crystalline  tetrabromethane,  melting  at  54°'5 
(130°  F.),  and  boiling  at  206°  (402°'8  F.),  by  heating  dibroraosuccinic  acid 
with  bromine  to  180°  (356°  F.),  and  he  has  confirmed  SabanejefiTs  statement 
that  the  tetrabromethane  from  acetylene  is  liquid  {ComjJt.  Rend,,  Ixxix.  953). 
Supposing  the  substances  obtained  by  Burgoin  and  Sabanejeff  to  be  pure  com- 
pounds, analogy  favours  the  assumption  that  the  former  is  a-tetrabromethane, 
CHBr^.CHBr^,  and  the  latter  /S-tetrabromethane,  CH^Br.CBrg ;  but  if  this  be 
the  case,  isomeric  change  munt  have  taken  place  in  the  formation  of  the  latter 
from  acetylene. 

By  heating  his  tetrabromethane  with  an  alcoholic  solution  of  potassic  acetate 
to  120° — 140°  (248° — 284°  F.),  Sabanejeff  obtained  tribromethylene  as  a  liquid, 
boiling  at  162°  (323°'6  F.).  Reboul  had  previously  found  that  a  crystalline 
tribromethylene  is  produced,  together  with  tetrabromethane,  when  acetylene  is 
acted  upon  by  bromine.  Sabanejeff  states  that  the  tetrabromethane  may  be 
separated  from  the  tribromethylene  by  distillation  with  steam,  which  carries 
over  the  former.  The  tribromethylene  which  remains,  crystallizes  from  alcohol, 
in  which  it  is  only  slightly  soluble,  in  plates  melting  at  175°  (347°  F.)j  on 
account  of  its  high  melting-point  and  slight  volatility,  Sabanejeff  regards  it  as  a 
polymeride  of  the  liquid  tribromethylene.  It  will  be  noticed  that  the  difference 
between  the  boiling-points  of  a-dibromethylene  and  of  the  liquid  tribromethylene 
is  remarkably  small  (Ann.  Chem.  Pharm.,  clxxviii.  112). 

Teteabeomethylene  :  CgBr^  =  344. — Lennox  obtained  this  compound  by 
the  action  of  potassic  hydrate  on  pentabromethane  j  it  is  a  white  cry&talline  body 
which  melts  at  about  50°  (122°  F.). 

Pentabromethane,  CgHBr^,  may  be  obtained  by  combining  tribromethylene 
with  bromine  (Lennox),  by  combining  bromacetylene,  C^HBr,  with  bromine 
(Reboul),  and  by  heating  tetrabromethane  from  acetylene  with  a  molecule  of 
bromine  to  165°  (329°  F.)  j  it  crystallizes,  according  to  Burgoin  {Compt.  Rend., 
Ixxx.  325),  in  long  needles  which  melt  at  56°  (132°- 8  F.). 

Hexabroraethane,  C^Br^,  which  is  formed  by  heating  tetra-  or  pentabrom- 
ethane with  bromine  to  180°,  decomposes  without  fusing  when  heated  to  210° 
(410°  F.)  into  tetrabromethylene  and  bromine. 

(1242)  loDETHYLENE.  Vinylic  iodide:  C^HJ  =  HgCziCHI  =  154.— This 
body  is  obtaiaed  by  the  action  of  an  alcoholic  solution  of  potassic  hydrate  on 
a-diiodethane.  It  is  necessary  to  employ  a  dilute  solution,  and  to  allow  the  first 
action  to  take  place  at  a  low  temperature  (Baumann,  Ann.  Chem.  Pharm.,  clxiii. 
320).  It  is  a  colourless  liquid  which  boils  at  about  55°  (131°  F.).  It  is  also 
obtained  in  a  similar  manner  from  /3-diiodethane  (Gustavson). 

DiiODETHYLENE  :  C^Hglj  =  280. — Berthclot  has  prepared  this  compound  by 
heating  acetylene  with  iodine  in  a  closed  flask  to  ioo°  (212°  F.).  It  is  a 
crystalline  substance,  melting  at  about  70°  (158°  F.)  {ibid.,  clxxviii.  119). 

Chloeobeomethylene  :  CgH^BrCl  =  (?)  CH^ZZCClBr  =  141-5.— H.  Miiller 
{Chem.  Soc.  Journ.,  [2]  ii.  420)  obtained  this  compound  by  heating  chlorodibromo. 
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methane  or  chlorethylenic  bromide  (b.  p.  162° — 164°  C),  C^HgClEr^,  with  an 
alcoholic  solution  of  potassic  cyanide.     It  boils  at  55° — 58°  (131° — 136°'4  F.). 

Many  of  the  above  compounds  are  characterized  by  the  readiness  with  which 
they  spontaneously  undergo  change  into  white  solid  polymeric  substances.  This 
has  been  shown  to  take  place  in  the  case  of  monochlor-,  monobrom-,  /3-dichlor-, 
/3-dibrom-,  and  chlorobromethylene.  According  to  Baumann  {An7i.  Chem. 
Tharm.,  clxiii.  308),  the  presence  of  alcohol  or  water  has  no  influence,  but  the 
polymerization  appears  to  be  in  some  way  more  or  less  dependent  upon  the 
action  of  light,  the  change  being  rapidly  effected  when  the  substances  are 
exposed  to  sunlight,  and  but  slowly  in  diffused  daylight.  lodethylene  is  not 
polymerized  when  exposed  to  sunlight,  but  iodine  is  liberated  ;  the  addition  of 
iodine  to  bromethylene,  moreover,  prevents  its  polymerization. 

The  polymerization  of  bromethylene,  and  probably  therefore  of  the  remaining 
compounds,  is  accompanied  by  a  considerable  contraction,  the  sp.  gr.  of  bromethy- 
lene being  1*52,  according  to  Regnault,  whilst  that  of  the  polymeride  is  2*075 
(Baumann). 

The  monohaloid  derivatives  of  ethylene  are  extremely  stable  compounds,  and 
do  not  enter  into  reactions  of  double  decomposition  ;  by  the  action  of  an  alcoholic 
solution  of  potassic  hydrate,  they  yield  acetylene. 

The  polymerides  of  the  haloid  derivatives  of  ethylene  are  decomposed  when 
heated,  becoming  carbonized  with  evolution  of  the  haloid  acid.  They  oppose  a 
much  greater  resistance  to  the  action  of  reagents  than  even  the  parent  com- 
pounds, and  moreover,  do  not  combine  with  the  halogens ;  thus  the  polymerized 
bromethylene  dissolves  in  bromine,  but  the  original  substance  is  again  obtained 
on  the  addition  of  water,  alcohol,  or  an  alkali ;  the  polymerized  chlorethylene 
does  not  even  dissolve  in  bromine  (Baumann). 

(1243)  Haloid  deeivatives  of  Peopylene — Monochloepeopylene  : 
€311^01=  76'5.  —  The  three  isomeric  modifications  of  monochloropropylene  are 
known  : 

B.  P.  (Cent.)        Sp.  Gr. 

"■dShfi:'™;"}      CH.C..CHZZCH,       46°        -954  .to^ 
iS-Chloropropylene    .     .     CHg.CHziCHCl  .?  ? 

y-Chloropropylene    .     .     CHg.CClZZCH^  23°        -931  at  0°. 

a-Chloropropylene  or  allylic  chloride :  CH^Cl.CHzzCHg,  is  produced  by 
the  action  of  an  alcoholic  solution  of  potassic  hydrate  on  a-dichloropropane, 
and  it  may  be  prepared  by  dropping  allylic  alcohol  into  a  slight  excess  of 
phosphorous  chloride,  or  by  heating  allylic  alcohol  with  hydrochloric  acid  in  a 
closed  tube.  It  is  also  readily  obtained  by  adding  a  slight  excess  of  finely 
powdered  mercuric  chloride  to  a  solution  of  allylic  iodide  in  an  equal  volume  of 
alcohol  :  double  decomposition  takes  place  with  evolution  of  much  heat,  and 
when  the  mercuric  salt  is  converted  into  the  red  iodide,  the  mixture  is  distilled, 
the  distillate  mixed  with  water,  and  the  product,  after  drying,  is  fractionally 
distilled  in  order  to  separate  the  ethylic  ether  and  ethylic  allylic  ether  which  are 
simultaneously  formed  in  small  quantity.  Allylic  chloride  is  a  pungent  smelling 
mobile  liquid. 

^-Chloropropylene :  CHg.CHzzCHCl,  is  obtained,  together  with  the  y- 
compound,  by  acting  on  /3-dichloropropane  or  propylenic  chloride,  but  it  has  not 
yet  been  prepared  in  a  pure  state. 

y-Ghloropropylene :  CHg.CClZZCH^,  appears  to  be  the  sole  product  of  the 
action  of  an  alcoholic  solution  of  potassic  hydrate  on  ^-dichloropropane  or 
methylchloracetol  : 

CH3.CC1^.CH3    +   KHO   =    CH,.CClziCH,   +   KCl   +   OH,. 
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It  is  also  obtained  in  considerable  quantity  as  a  bye-product  in  the  preparation  of 
methylchloracetol  from  acetone  and  phosphoric  chloride. 

a-  and  y-Chloropropylene  differ  remarkably  in  their  behaviour  with  various 
reagents;  thus  even  below  ioo°  (212^^  F.)  the  a-compound  acts  upon  sodic 
ethylate  or  an  alcoholic  solution  of  potassic  hydrate,  and  is  converted  into  ethylio 
allylic  ether : 

CgH^Cl      +      NaOC.H,      =      C3H^.0C,H,      +      NaCl, 

a-Chloropropylene  Sodic  Ethylic  allylic 

(Ally lie  chloride).  ethylate.  ether. 

whereas  y-chloropropylene  furnishes  allylene  when  heated  with  sodic  ethylate  to 
1 20°  (248°  E.): 

CgH.Cl  +   NaOC^H^   =   C3H^  +   NaCl   +   HOC.H,. 

y-Chloropropylene.  Allylene. 

By  the  action  of  hydriodic  acid  on  allylic  chloride,  allylic  iodide  is  produced, 
and  this  is  converted  by  the  further  action  01  the  acid  into  isopropylic  iodide, 
whilst  fi-chloropropylene  forms  an  iodochloropropane  : 

CH3.CC1=CH,  +  HI  =   CH3.CCII.CH3. 

When  concentrated  sulphuric  acid  is  added  to  well- cooled  y-chloropropylene, 
hydrochloric  acid  is  evolved,  and  on  distilling  the  product  with  water  acetone  is 
obtained,  the  reactions  being  : 

CH3.CCIZZCH,  +  H,SO,  =  HCl  +  CH3.C(HS0JZZCH2; 
CH3.C(HS0JziCH,  +  H^SO,  =  CH3.C(HS0J2.CH3 ; 
CH3.C(HSOJ,.CH3    +      OH,  =  CH3.CO.CH3  +  2H,S0,. 

When  allylic  chloride  is  similarly  treated  no  gas  is  evolved,  and  on  afterwards 
distilling  with  water,  chlor isopropylic  alcohol  or  propylene  chlorhydrin  is  obtained 
(Oppenheim,  Ann.  Chem.  Fharm.  Suphd.,  vi.  353): 

CH^ClCHzzCH,     +   H^SO^   =   CH^Cl.CHCHSOJ.CH, ; 
CH^Cl.CHCHSOJ.CH,     -f     OH,     =  CH^Cl.CHCOHj.CH^  +  H,SO,. 

DiCHLOEOPEOPYLENE  :  CjH^Cl,  =  111 . — Four  isomeric  dichloropropylenes 
are  known : 

B.  P.  (Cent.)  Sp,  Gr. 

a-Dichloropropylene  .     CH^.Cl.CHzzCHCl         106°  r2i8  at  25° 

3-Dichloropropylene  .     CH^Cl.CClZZCH,  94°  r2i     at  20° 

y-Dichloropropylene  .     CH— CH.CHCl,  84°  1-170  at  24-5° 

S-Dichloropropylene  .     CH^.CCllzCHCl  75'  — 

a-DichloroprojpyUne  is  obtained  by  the  action  of  phosphorus  oxychloride  or 
phosphoric  anhydride  on  dichlorhydrin : 

CH,CICH(0H),CH,C1  -  OH,  =  CH,Cl.CHzzCHCl. 

It  is  a  colourless  liquid,  of  the  sp.  gr.  1-250  at  0°  (32°  F.),  1-218  at  25°  (77°  F.), 
which  combines  with  bromine,  forming  a  dlhromodichloropropane  boiling  at 
220^—225°  (428°— 437°  F.),  of  the  sp.  gr.  2-19  at  0°  (32°  F.)  and  2-147 
at  25°  (77"  F.),  according  to  Friedel  and  Silva  {Compt.  Bend.,  Ixxv.  81). 
According  to  Hartenstein  {Journ.  pr.  Chem.  [2],  vii.  295)  it  has  the  sp.  gr. 
1-233  ^t  17  *5  (^3°'5  ^•)>  a^^  the  dibromodichloropropane  which  it  furnishes 
boils  at  212°  (4I3°'6  F.)  and  has  the  sp.  gr.  2-083' at  i7°-5  {Gfs  F.). 
a-Dichloropropylene  does  not  combine  with  hydrochloric  acid  at  100°  (212°  F.) 
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or  150°  (302°  F.).  When  heated  to  100°  (212''  F.)  with  an  alcoholic  solution 
of  potassic  hydrate  it  is  converted  into  the  compound  CgH^Cl.OCgHg,  which 
boils  at  120°— 125°  (248°— 257°  F.),  and  at  0°  (32°  F.)  has  the  sp.  gr.  i'02i. 

^-DicJdoropropylene :  CH^ZZCCl.CH^Cl. — The  product  of  the  action  of 
potastiic  hydrate  on  a-trichloropropane  or  trichlorhydrin  has  long  been  known  as 
Keboul's  dichloroglycid,  but  Friedel  and  Silva  have  shown  that  this  is  a  mixture 
of  ^-dichloropropylene  with  a  small  quantity  of  a-dichloropropylene.  It  is  also 
formed,  together  with  a  small  quantity  of  8-dichloropropylene,  on  heating 
y-trichloropropane  with  water,  and  by  the  action  of  chlorine  in  the  dark  on 
y-chloropropylene.  It  combines  with  hydrochloric  acid  at  100° — 105^  (212° — 
221'  F.),  furnishing  y-trichloropropane.  It  also  unites  with  bromine  with 
greater  energy  than  a-dichloropropylene  ;  the  dibromodichloropropane  which  is 
formed  boils  at  about  205°  (401°  F.),  and  at  0°  (32°  F.)  has  the  sp.  gr.  2"  161. 
/3-dichloropropylene  is  converted  by  heating  to  100°  (212°  F.)  with  an  alcoholic 
solution  of  potassic  hydrate  into  the  compound  C3H^C1.0C2Hg,  boiling  at  110° 
(230°  F.),  of  the  sp.  gr.  I'oii  at  0°  (32°  F.)  (Friedel  a.  Silva,  Compt  Rend., 
Ixxiv.  955  ;  Ixxv.  81). 

When  it  is  mixed  with  concentrated  sulphuric  acid,  and  the  mixture  is 
subsequently  distilled  with  water,  monochloracetone  is  produced  (Henry,  Deut. 
chem.  Ges.  J5er.,  v.  190) : 

CH,C1.CCI-CH,    +    2H,S0^   =    HCl   +    CH^C1.C(HS0J,.CH3 ; 

/3-Dichloropropylene. 

CH^CLCCHSOJ^.CHg   +    OH,   =   CH^Cl.CO.CHg   +    2H,S0^. 

Monochloracetone. 

y-BicTiloropropylene :  CH^  :il  CH.CHCl^,  is  produced  by  the  action  of 
phosphoric  chloride  on  acrylic  aldehyde  or  acrolein  (Huebner  and  Geuther, 
Ann.  Chem.  IP  harm.,  cxiv.  36)  : 

CH  — CH.COH    +    PCI5    =    CH  — CH.CHCl,    +    POCI3. 

Acrolein.  y-Dichloropropylene. 


According  to  Aronstein  {Ibid.,  Suphd.  iii.  184),  the  compound  C  H  Cl.OC  H 
formed  by  heating  it  to  130°  (266°  F.)  with  an  alcoholic  solution  of  potassic 
hydrate  boils  at  115"— 120°  (239°— 248°  F.). 

b-Bichloropropylene  :  CHCl  ZZ  CCI.CH3.  —  When  y-trichloropropane  is 
heated  with  water,  or  with  potassic  hydrate  alone  or  in  alcoholic  solution,  a 
mixture  of  /3-  and  8-dichloropropylene  is  obtained,  consisting  chiefly  of  the  latter 
when  potassic  hydrate  is  employed,  but  chiefly  of  /3-dichloropropyIene  when  water 
is  employed  (Friedel  a.  Silva).  The  dibromodichloropropane  formed  by  the  union 
of  S-dichloropropylene  with  bromine  boils  at  about  190°  (374°  F.). 

The  higher  chlorinated  derivatives  of  propylene  have  not  hitherto  been 
investigated. 

(1244)  MoNOBEOMOPKOPYLENE  :  C3HjBr=i2i. — The  only  three  bromo- 
propylenes  which  theoretically  are  possible  have  been  obtained ;  we  are  indebted 
to  the  French  chemist  Reboul  for  most  of  our  knowledge  of  these  bodies  {Compt. 
Rend.,  Ixxiv.  613,  669;  Ixxvi.  1270 ;  Ixxix.  317). 

B.  P.  (Cent.)  Sp.  Gr. 

"tTr^tde  }    «H^«^-«H=«H,  7:»  x-436  at  x,»      - 

/3-Bromopropylene    .       CHg.CHziCHBr  60°  1-428  at  i9°-5 

y-Bromopropylene    .       CH^.CBrizCH,  48°  1-364 
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a-Bromopropylene  or  allylic  bromide  is  produced  by  the  action  of  phos- 
phorous bromide  on  allylic  alcohol  (Tollens). 

^-Bromopropylene  if  formed  together  with  y-hromopropylene  vf\ieji  3-dibro- 
mopropane  or  propylenic  bromide  is  decomposed  with  pot^ssic  hydrate  solution  : 

CHg.CHBr.CHaBr  +  KHO  =  CH^.CHzzCHBr  +  KBr  +  OH^; 

/3-Dibromopropane.  /3-Bromopropylene, 

CHg.CHBr.CH^Br  +  KHO  =  CH3.CBr=CH,  +  KBr  +  OH,. 

^-Dibromopropane.  y-Bi  omoproi  ylene. 

y-Bromopropylene  is  also  formed  by  treating  S-dibromopropane  with  an 
alcoholic  solution  of  po.tassic  hydrate  : 

CH3.CBr,.CH3    +    KHO   =   CH^.CBrZZGH,    +    KBr    +    OH,. 

fi-Dibromopropane.  Y-Bromopropylene. 

When  a-bromopropylene  is  heated  for  about  twelve  minutes  to  100^  (2 1 2°  F.) 
with  a  saturated  solution  of  hydrobromic  acid  in  sealed  tubes,  it  is  almost  com- 
pletely converted  into  a-dibromopropane,  CH^Br.CH.^j.CH^Br  ;  if,  however,  a  less 
concentrated  acid  be  employed,  more  or  less  /3-dibromopropane,  CHg.CHBr.CHgBr, 
is  also  formed. 

j8-Bromopropylene  combines  slowly  with  hydrobromic  acid,  even  at  100° 
(212°  F.),  and  furnishes  a  mixture  of /3-  and  -y-dibromopropane,  CHg.CHg.CHBr,, 
the  latter  of  which  boils  at  130°  (266°  F.) ;  with  bromine  this  bromopropylene 
forms  a  ^-tribromopropane,  CHg.CHBr.CHBr,,  which  boils  at  200°  (392°  F,), 
and  at  18°  (64°-4  F.)  has  the  sp.  gr.  2-356. 

■y-Bromopropylene  combines  readily  even  in  the  cold  with  hydrobromic  acid, 
forming  S-dibromopropane  only ;  the  y-tribromopropane,  CHg.CBrg.CHgBr,  which 
is  formed  by  the  union  of  bromine  with  -y-bromopropylene,  boils  at  190J 
(374°  F.). 

DiBEOMOPROPYLENE  :  CgH^Br,   =    200. — At    present    only  two  dibromo- 

propylenes  are  known  with  certainty,  viz. : 

B.  P.  (Cent.) 

/3-Dibromopropylene      .     .     CH^Br.CBrZZCHg  142° 

5-Dibromopropylene .     .     .     CHg.CBrZZCHBr         about  120°. 

^-Dibromopropylene  is  formed  by  the  action  of  potassic  hydrate  on  a-tribro- 
mopropane  or  tribromhydrin  ;  probably,  however,  the  product  of  this  action — the 
so-called  dibromoglycid — contains  some  a-di bromopropylene.  It  boils  at  142° 
(287°*6  F.).  It  readily  enters  into  reaction  with  potassic  acetate,  potassic 
thiocyanate,  and  argentic  nitrate,  forming  hromallylic  acetate,  CgHgOg.CgH^Br, 
hromallylic  thiocyanate,  CgH^Br.CSN,  and  hromallylic  nitrate,  Cgll^Br.NO^ 
(Henry,  Deut.  chem.  Ges.  Ber.,  v.  191,  452). 

h-Dihromopropylene  :  CHg.CBrZlCHBr. — The  allylene  dibromide  which 
is  formed  together  with  allylene  tetrabromide  by  the  action  of  bromine  on  allylene 
(p.  218)  is  probably  this  compound,  and  the  body  first  obtained  by  Cahours  by 
treating  bromopropylenic  bromide  with  potassic  hydrate  doubtless  also  consists 
mainly  of  8-dibroraopropylene.  The  boiling-point  of  allylene  dibromide,  according 
to  Oppenheim,  is  127'^ — 131°  (26o'^"6 — 267°'8  F.),  but  this  is  probably  too  high, 
owing  to  the  presence  of  allylene  tetrabromide  ;  that  observed  by  Cahours  (about 
120'',  or  248°  F.)  is  perhaps  nearer  the  truth. 

Several  higher  brominated  derivatives  of  propylene  have  been  obtained,  but 
very  insufficiently  described. 

Chloeobromopropylenes. — D'chlorallylene,  CgH^Cl^,  from  croton-chloral, 
combines  with  bromine,  forming  a  dibromodichloropropylene,  CgHgClgBr^,  which 
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is  not  converted  into  a  propane  derivative  by  heating  with  bromine,  but  exchanges 

hydrogen  for    bromine.      The   bromodichlorallylene    obtained    by   treating   the 

dibromodichloropropylene    with     potassic    hydrate     furnishes   with    bromine    a 

crystalline  trihromodichloro'propylene,  CgHCl^Brg,  and   this  compound  also  does 

not  combine  with   bromine,  but   when  heated  with   it  up   to   i6o°  (320°  F.) 

during  several  hours  is  converted  into  a  tetrahromodicJdorojpropylene,  CgBr^Cl^, 

which  is  liquid  (Pinner,  Deut.  cJiem.  Ges.  Ber.,  v.  205). 

(1245)  loDOPfiOPYLENE  :  €311^1=168. —  Two  of  these  compounds  have 

been  obtained,  viz. : 

B.  P.  Cent. 

a-Iodopropylene  or  ally  lie  iodide     CHgl.CHzzCHg  101° 

y-Iodopropylene      .     .     .     .     .     CHg-CIZZCH^  about  80°. 

a-Iodopropylene  or  Allylic  iodide  may  be  obtained  pure  by  carefully  mixing 
80  pts.  of  allylic  alcohol,  127  pts.  of  iodine,  and  10  pts,  red  phosphorus  ;  after 
two  days  the  mixture  is  distilled,  and  when  one-half  has  passed  over,  water  is 
added,  and  the  distillation  continued  until  oily  drops  cease  to  pass  over  with  the 
water;  the  produce  is  washed,  dried,  and  purified  by  distillation  (Tollens  a.  Hen- 
ninger,  Ann.  Chem.  JPharm.,  clvi.  156).  It  is  also  produced  by  the  action  of 
hydriodic  acid  or  of  iodide  of  phosphorus  on  glycerine,  but  is  always  con- 
taminated with  isopropylic  iodide,  whereas  the  product  from  allylic  alcohol  is 
almost  free  from  that  compound. 

It  is  a  colourless  liquid,  having  a  pungent  somewhat  alliaceous  odour,  of  the 
sp.  gr.  1*839  ^^  14°  (57°'2  F.).  By  the  action  of  nascent  hydrogen  it  is  readily 
converted  into  propylene ;  the  best  method  of  effecting  this  change  is  to  cover 
granulated  zinc  with  90  per  cent,  of  alcohol  in  an  appropriate  apparatus,  add  the 
allylic  iodide,  and  then  pour  in  concentrated  hydrochloric  acid ;  the  action  at 
once  takes  place,  and  the  gas  evolved  contains  only  about  \  of  its  volume  of 
hydrogen  (Tollens).  Hydriodic  acid  converts  it  into  propylene,  and  isopropylic 
iodide,  but  the  formation  of  these  substances  appears  to  be  preceded  by  that  of 
the  compound  CHI   (Erlenmeyer,  Ann.  Chem.  I* harm.,  cxxxix.  211),  thus  : 


C3HJ         +        HI       =       O^HJ^; 

lodopropylene.                                 Diiodopropane. 

C3HJ,    =    C3H.    + 

\; 

Diiodopropane.         Propylene. 

C3HJ,      +      HI      =      CgH.I      + 

I.- 

Diiodopropane.                              lodopropane. 

Mercury  combines  directly  with  allylic  iodide,  forming  mercurallylic  iodide, 
CgHj^Hgl ;  this  crystnllizes  in  white  scales  which  are  moderately  soluble  in  acetone 
and  warm  carbonic  bisulphide.  The  formation  of  this  substance  is  much  facilitated 
by  the  addition  of  an  equal  volume  of  alcohol  (Oppenheim,  Deut.  chem.  Ges.  Ber., 
iv.  670).  Characteristic  of  this  substance  is  the  extreme  readiness  with  which 
it  is  converted  into  the  hydrocarbon,  CgH^^  (see  diallyl). 

Allylic  iodide  readily  enters  into  double  decomposition  with  silver  and 
potassium  salts  :  thus  the  action  of  potassic  ethylate  converts  it  into  allylic  ethylic 
ether,  CgH^.O.C^H,. 

y-Iodopropylene  is  probably  the  substance  which  is  produced  by  the  action 
of  potassic  hydrate  on  the  diiodopropane,  CHg.CI^.CHg,  formed  by  combining 
allylene  with  hydriodic  acid  (Semenoff,  Jahrb.  Chem.,  1865,  494).  It  has  a 
strong  not  unpleasant  smell ;  its  sp.  gr.  at  0°  (32°  F.)  is  1*8346,  and  at  16° 
(6o°-8F,),  1-8028. 

According  to  Wurtz,  no  iodopropylene  is  formed  by  the  action  of  an  alcoholic 
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solution  of  potassic  hydrate  on  propylenic  iodide,  this  compound  being  carbonized 
and  partially  converted  into  isopropylic  iodide  {Ann.  Ckem.  Pharm.,  Sup.,  vi.  353). 

DiiODOPEOPYLENE  ;  CJIJ.^  —  294. — By  exposing  allylene  to  sunlight  during 
two  months,  in  contact  with  a  solution  of  iodine  in  potassic  iodide,  a  liquid 
(?  b-)  diiodopropylene  is  obtained,  which  boils  at  about  198°  (388°'4  F.) 
(Oppenheim,  Jahrh.  Ohem.,  1865,  492). 

Tbiiodopropylene  :  CgHglg^  —  420. — This  compound  Is  produced  by  agitating 
allylene  silver,  C^HgAg,  with  an  ethereal  solution  of  iodine  until  the  colour 
ceases  to  disappear ;  it  crystallizes  in  long  white  needles,  which  melt  at  64*^ 
(i47°*2  F.)  (Liebermann,  Ann.  Chem.  Pharm.,  cxxxv.  266). 

(1246)  Haloid  Dekivatiyes  of  other  Olefines. — A  number  of  mono- 
haloid  derivatives  have  been  obtained  by  the  action  of  potassic  hydrate  on  the 
compounds  formed  by  combining  the  olefines  with  the  halogens,  but  with  few 
exceptions  little  is  known  of  them,  and  the  discovery  that  crude  chloro-  and 
bromopropylene  are  mixtures  of  isomeric  substances  renders  it  probable  that 
many  of  the  haloid  derivatives  of  higher  olefines  hitherto  regarded  as  pure,  will 
in  a  similar  manner  be  found  to  be  mixtures.  Very  few  haloid  derivatives  of 
the  higher  olefines  containing  more  than  one  atom  of  halogen  have  been 
prepared. 


§  III.  Hydrocarbons  of  the  C^H2n_2  OR  Acetylne  Series. 

(1247)  Special  interest  attaches  to  this  series  of  hydrocarbons 
not  only  because  its  first  term  acetylene^  CgH^,  is  the  only  known 
compound  of  carbon  and  hydrogen  which  can  be  obtained  by 
the  direct  union  of  its  elements,  but  also  on  account  of  the 
remarkable  properties  of  this  hydrocarbon. 

Although  a  number  of  the  homologues  of  acetylene  have 
been  obtained,  our  knowledge  of  most  of  them  is  at  present 
extremely  limited ;  they  are  as  follows  : 

B.  p.  (Cent.) 

Acetylene ^^i                  — 

Allylene I  C  H                   — 

Isoallylene  or  allene   ....  J  84 

Crotonylene C,H^  l8°— 25° 

Valerylene \  41° — 42° 

Propylacetylene I  4^°— 49° 

Isopropylacetylene     .     .     .     .   [  »    «                   — 

Isoprene I  38° 

Hexoylene I  .,  ^-.                   80° 


}      C,H,, 


Diallyl /  '"e^io  59° 

Amylacetylene I  n  tt  ^°o° 

Tetramethylallene       .     .     .      ./  ^^^^2  70° 

Caprylidene l  OR  ^^^"^ 

Tetrahydrometaxylene     .     .     .  j  «    u  — 

Decenylene "j  165° 

Jf«»*^«»« \  C^oHie  163° 

Kutylene J  150° 

Nonylacetylene C„H,„        210°— 215° 


11 — 20 


Benylene C^.H^g  225 

Cetenylene C^^Hg,  280 
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Hofmann  has  proposed  to  distinguish  the  hydrocarbons  of 
this  series  by  the  termination  ine,  into  which  he  suggests  the 
termination  arte  of  the  corresponding  paraffins  should  be  changed  ; 
no  systematic  nomenclature  has  been  generally  adopted  up  to  the 
present  time,  however. 

(J248)  Acetylene  or  Ethine,  CgHg  or  HC^CH  =  26. — The 
establishment  of  the  existence  of  this  hydrocarbon  is  due  to 
Berthelot,  to  whom  indeed  we  are  very  largely  indebted  for  our 
knowledge  of  acetylene,  but  it  appears  to  have  been  discovered 
by  E.  Davy  in  1836,  when  decomposing  with  water  a  compound 
of  potassium  and  carbon  formed  during  the  preparation  of 
potassium  ;  he  called  it  Klumene.  Berthelot  has  shown  that  it 
is  formed  on  passing  methane,  ethylene,  or  the  vapour  of  alcohol 
or  ether,  besides  many  other  substances,  through  red-hot  tubes, 
and  that  it  is  a  constant  product  of  the  incomplete  combustion  of 
all  organic  bodies.      It  is  present  in  coal-gas  in  small  quantity. 

To  obtain  it  from  its  elements,  a  current  of  hydrogen  is 
passed  through  a  vessel  in  which  two  pieces  of  hard  carbon  (gas- 
coke),  forming  the  terminals  of  a  powerful  galvanic  battery,  are 
intensely  heated  by  the  electric  current.  Berthelot  has  ascer- 
tained that  the  combination  of  carbon  and  hydrogen  does  not  take 
place  at  the  temperature  produced  in  a  furnace  capable  of 
fusing  porcelain,  or  even  under  the  influence  of  the  induction 
spark. 

Acetylene  is  also  produced  in  many  other  ways  :  for  example, 
by  the  electrolysis  of  the  sodic  salt  of  fumaric  or  maleic  acids 
(Kekule)  : 

C^H^CCOgNa),    +  2OH2  =   C2H3   +    2CO2   +   sNaOH   +    H^. 

By  Sawitsch's  method,  of  heating  bromethylene  with  an  alcoholic 
solution  of  potassic  hydrate  : 

C^HgBr  +    KOC2H5   =   CgHg   +   KBr   +    C^H-OH. 

By  passing  the  vapour  of  a-dichlorethane  or  ethylenic  chloride 
through  a  porcelain  tube  filled  with  pieces  of  unslaked  lime  and 
heated  to  redness  (v.  Wilde,  Deut,  chem.  Ges.  Ber.,  vii.  352) : 

C^H.Cl^   +   CaO  =   C2H2   +   CaCl^   -f    OH^  ; 

this  is  one  of  the  best  methods  of  preparing  acetylene  when  it  is 
required    in   quantity.      By  the  action  of  water  on  the  calcium 
carbide  produced  by  heating  Caron's  calcium-zinc  alloy  to  a  high 
3  P 
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temperature  with  carbon  (Wohler).  By  passing  the  vapour  of 
chloroform  over  ignited  copper  (Berthelot)  : 

2CHCI3   4-    3CU   =  C2H2   +    3CU2CI2. 

By  the  action  of  the  zinc-copper  couple  on  chloroform,  bromoform, 
and  iodoform,  dissolved  in  alcohol ;  the  amount  produced  is 
greatest  when  iodoform,  and  least  when  chloroform  is  used 
(Gladstone  a.  Tribe,  Chem.  Soc.  Journ.,  xxviii.  508).  When 
a  mixture  of  carbonic  oxide  and  methane  is  passed  through  a 
red-hot  tube  (Odhng)  :  CH^  -!-  CO  =  C^H^  +  OH^.  By 
passing  sparks  from  a  powerful  induction  coil  through  methane  : 

aCH,  =  C,H,  +  2H,. 

The  action  of  the  spark  is  at  first  rapid,  but  diminishes  as  the 
volume  of  hydrogen  increases ;  if,  however,  the  acetylene  be 
absorbed  as  it  is  formed,  nearly  four-fifths  of  the  methane  may 
be  ultimately  converted  into  acetylene  (Berthelot).  The  va- 
pours of  many  organic  compounds,  especially  benzene,  yield 
acetylene  when  submitted  to  the  action  of  the  induction  spark. 
Acetylene  is  produced  in  the  incomplete  combustion  of  coal-gas 
in  a  Bunsen  lamp,  when,  as  is  often  the  case,  the  flame  burns 
within  the  tube  at  the  small  orifice  from  which  the  gas  issues 
before  it  is  mixed  with  air ;  the  peculiar  odour  which  is  then 
observed  being  due  to  the  acetylene.  By  burning  a  jet  of  air  in  an 
atmosphere  of  coal-gas,  acetylene  may  be  obtained  in  considerable 
quantity,  and  a  very  useful  apparatus  for  this  purpose  has  been 
devised  by  McLeod  [Chem.  Soc.  Journ.,  1866,  p.  152). 

In  all  these  cases  the  acetylene  is  more  or  less  contaminated 
with  other  substances,  but  it  may  readily  be  purified  by  causing 
the  mixed  gases  to  pass  through  a  solution  of  cuprous  chloride  in 
animonia;  this  solution  absorbs  acetylene  rapidly,  and  forms 
with  it  a  flocculent,  dark- red,  insoluble  substance.  The  liquid  is 
afterwards  heated  to  boiling  in  order  to  destroy  the  compound  of 
etliylene  with  cuprous  chloride,  which  is  formed  if  ethylene  is 
present,  and  after  cooling,  the  precipitate  is  collected  on  a  filter 
and  washed  ;  it  is  then  heated  with  hydrochloric  acid,  when  pure 
acetylene  is  evolved.  This  solution  of  cuprous  chloride  is  a  very 
delicate  test  for  acetylene :  according  to  Berthelot,  the  formation 
of  a  distinct  red  film  is  observable  when  a  drop  is  introduced 
into  50  cc.  of  a  gaseous  mixture  containing  so  little  as  •0001  per 
cent,  by  volume  of  acetylene.  The  formation  of  acetylene  in 
cases  of  incomplete  combustion  may  also  readily  be  shown  if  a 
little  of  the  solution  be  poured  into  a  tall  narrow  jar  filled  with 
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the  gas  or  vapour  for  combustion — ether  or  benzene  vapour,  for 
example ;  on  setting  fire  to  the  mixture,  holding  the  jar  in 
a  nearly  horizontal  position,  and  causing  it  to  revolve  so  as  to 
distribute  the  cuprous  solution  over  the  sides  of  the  jar,  a  con- 
siderable deposit  of  the  brownish-red  copper  compound  will  be 
obtained. 

Acetylene  is  a  colourless  gas,  having  a  peculiar  characteristic 
disagreeable  odour ;  it  burns  with  a  very  bright  smoky  flame, 
and  is  on  this  account  one  of  the  most  valuable  illuminating  con- 
stituents of  coal-gas.  It  is  soluble  in  about  its  own  volume  of 
water  at  i8°  (64°'4  F.),  whilst  absolute  alcohol  dissolves  nearly 
6  volumes  of  the  gas.  It  has  not  yet  been  liquefied  either  by 
cold  or  pressure. 

By  determining  the  amount  of  heat  evolved  during  the 
combustion  of  acetylene,  and  comparing  it  with  the  amount 
evolved  on  combustion  of  the  same  quantities  of  the  elements  of 
which  it  is  composed,  Thomsen  has  shown  that  a  very  large  amount 
of  heat  is  absorbed  in  the  formation  of  acetylene  from  its  elements, 
no  less  than  55,010  units  of  heat  in  the  formation  of  26  grammes 
of  acetylene  {Deut.  chem.  Ges.  Ber.,  v.  'J']'^)' 

Acetylene  is  decomposed  by  the  induction  spark  with  separa- 
tion of  carbon,  and  is  also  almost  wholly  resolved  into  its 
elements  when  slowly  passed  through  a  porcelain  tube  heated  to 
bright  redness;  but  when  heated  in  a  bent  glass  tube  standing 
over  mercury  to  the  temperature  at  which  glass  softens,  it  is 
gradually,  and  if  sufficient  time  be  allowed,  completely  converted, 
with  separation  of  small  quantities  of  carbon  and  hydrogen,  and 
formation  of  small  quantities  of  ethylene  and  ethane,  into  a 
mixture  of  liquid  and  solid  hydrocarbons.  This  mixture  contains, 
a,  a  very  volatile  liquid  hydrocarbon ;  b,  benzene,  CgHg,  to  the 
extent  of  nearly  half  the  product ;  c,  cinnamene,  CgHg,  to  the 
extent  of  about  one-fifth  ;  d,  naphthalene^  ^10^8  >  ^i  ^  mixture  of 
highly  fluorescent  oils,  boiling  at  250° — 340°  (482° — 644°  P.) ;  and 
/,  retene,  CjgH^g.  If,  however,  a  piece  of  coke,  previously  ignited 
and  cooled  under  mercury,  be  introduced  into  the  bent  glass 
tube,  the  acetylene  is  resolved  under  the  same  conditions  as 
above,  into  its  elements,  scarcely  any  by-products  being  obtained, 
showing  that  the  mode  of  decomposition  is  greatly  influenced  by 
III  the  presence  of  foreign  bodies  (Berthelot). 

When  submitted  to  the  action  of  the  silent  electric  discharge, 
acetylene  is  completely  converted  into  a  brown  amorphous  solid 
substance  (v.  Wilde,  Deut.  chem.  Ges.  Ber.,  vii.  ^^']). 

Pree    hydrogen   does  not  act    upon    acetylene  at  ordinary 
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temperatures,  but  when  the  gases  are  heated  together,  small 
quantities  of  ethylene,  benzene,  naphthalene,  and  other  hydro- 
carbons are  produced.  When  a  mixture  of  acetylene  with  twice 
its  volume  of  hydrogen  is  placed  in  contact  with  platinum-black, 
the  acetylene  is  rapidly  converted  into  ethane  :  C2H2  +  2H2  =  C2Hg 
(v.  Wilde).  Nascent  hydrogen  in  alkaline  liquids  readily  con- 
verts acetylene  into  ethylene,  but  this  change  does  not  take  place 
in  acid  liquids  (Berthelot).  The  conversion  is  best  effected  by 
the  action  of  zinc  and  dilute  ammonia  solution  on  the  so-called 
cuprous  acetylide  ;  the  nascent  hydrogen  formed  by  the  action 
of  the  zinc  on  the  ammonia  solution,  it  may  be  supposed, 
produces  acetylene,  which  at  the  moment  of  formation  combines 
with  the  nascent  hydrogen,  yielding  ethylene.  The  formation  of 
ethylene  in  this  manner  from  acetylene  must  be  accompanied 
by  the  evolution  of  a  very  considerable  amount  of  heat,  for 
Thomsen  has  shown,  by  determining  its  heat  of  combustion,  that 
10,880  units  of  heat  are  absorbed  in  the  formation  of  28  grams 
of  ethylene,  and  since  in  the  production  of  26  grams  of  acetylene 
55,010  units  of  heat  are  absorbed,  the  difference  between  these 
two  numbers — viz.,  44,130 — represents  the  number  of  units  of 
heat  evolved  in  the  combination  of  26  grams  of  acetylene  with 
2  grams  of  hydrogen. 

When  a  series  of  powerful  induction  sparks  is  passed 
through  a  mixture  of  acetylene  with  nitrogen,  the  two  gases 
combine  to  form  hydrocyanic  acid  (Berthelot).  This  may  readily 
be  shown  by  passing  the  sparks  between  metallic  points  in  a  vessel 
through  which  a  current  of  nitrogen  laden  with  benzene  vapour 
is  transmitted ;  acetylene  is  then  produced  by  the  action  of  the 
spark  on  the  benzene,  and  combines  with  the  nitrogen ;  the 
issuing  gas  is  passed  through  an  alkaline  solution,  and  the 
presence  of  the  cyanide  afterwards  demonstrated  by  the  prussian 
blue  test  (Perkin). 

If  mixed  with  chlorine, acetylene  usually  explodes  spontaneously; 
this  occurs  almost  immediately,  even  in  diffused  light,  carbon  and 
hydrochloric  acid  being  formed  ;  sometimes,  however,  no  explosion 
takes  place,  but  the  two  gases  unite  forming  a- dichlor ethylene  or 
acetylene  dichloride,  C2H0CI2.  Acetylene  is  absorbed  by  antimonic 
chloride,  much  heat  being  evolved;  the  crystalline  compound, 
C2H2SbCl5,  which  forms,  is  resolved  by  heat  into  a-dichlorethy- 
lene,  and  antimonious  chloride,  and  if  heated  with  antimonic 
chloride  yields  a-tetrachlorethane,  CgHgCl^.  When  acetylene  is 
passed  into  bromine  covered  with  a  layer  of  water,  and  kept  cool, 
acetylene    tetrabromide    or  a-tetrahromethanCj    C^HgBr^   is    pro- 
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duced,  together  with  a  small  quantity  of  crystalline  tribromethylene. 
By  saturating  absolute  alcohol  with  acetylene,  and  then  adding 
the  necessary  quantity  of  bromine  to  form  acetylene  dibromide, 
and,  after  repeating  these  operations  a  sufficient  number  of  times, 
adding  water,  an  oil  is  precipitated,  consisting  of  acetylene 
dibromide  or  a-dibromethylene  (SabanejefF,  Ann.  Chem.  Pharm.., 
clxxviii.  1 13).  Acetylene  slowly  combines  with  hydrobromic 
acid,  and  is  converted  into  (^-dibromethaae,  CgH^Brg  (Reboul). 

When  acetylene  is  heated  with  iodine  in  closed  vessels  to 
100°  (312°  P.)  for  about  20  hours,  diiodethylene,  CgHgIg,  is 
formed  (Berthelot).  This  compound  may  be  obtained  more  easily 
by  passing  acetylene  into  a  pasty  mixture  of  iodine  and  alcohol ; 
it  crystallizes  in  long,  thin,  pliable  needles  which  melt  at  73° 
(i63°"4  F.),  and  possess  an  intensive  characteristic  odour; 
together  with  this  body  a  very  volatile  iodide  of  unknown  com- 
position, and  a  liquid  iodide  of  the  same  composition  as  the 
crystalline  acetylene  iodide  are  produced  (Sabanejeff,  loc.  cit.). 
By  the  action  of  a  concentrated  solution  of  hydriodic  acid, 
acetylene  is  converted  into  a  mixture  of  iodethylenej  CgHgl,  and 
diiodethane,  CgH^Ig. 

According  to  Berthelot,  acetylene  is  absorbed  when  briskly 
agitated  for  a  long  time  with  concentrated  sulphuric  acid,  and 
converted  into  hydric  vinylic  sulphate ,  CgHgHSO^ ;  by  carefully 
diluting  with  water,  neutralizing  with  baric  carbonate,  and  theu 
concentrating  the  solution,  crystalline  baric  vinylic  sulphate  is 
said  to  be  produced.  If  the  acid  liquid  be  distilled  with  water, 
a  liquid  is  obtained,  slightly  more  volatile  than  water,  and  having 
a  very  pungent  odour  somewhat  similar  to  that  of  acetone ; 
this  Berthelot  regards  as  vinylic  alcohol,  CgHg.OH.  The 
product,  however,  does  not  appear  to  have  been  prepared  in  a 
pure  state,  nor  to  have  been  analysed,  and  it  is  not  at  all 
improbable  that  it  is  crotonic  aldehyde,  the  acetylene  being  first 
converted  into  acetic  aldehyde,  which,  under  the  influence  of  the 
acid,  furnishes  crotonic  aldehyde,  thus  : 

CH  CH3 

III  +       2H,S0,      =        I  ; 

CH  CH(HS0,)2  ^ 

Acetylene.  Ethylidenic  sulphate. 

CH3  CH3 

I  +   OH,  =    I  +   aHjSO,: 

CH(HS0^2  COH 

Ethylidenic  sulphate.  Aldehyde. 
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2C2H4O    =    C.HgO     +    OH2. 

Acetic  aldehyde.         Crotonic  aldehyde. 

By  the  action  of  potassic  permanganate  solution  at  ordinary- 
temperatures  acetylene  is  oxidized  to  oxalic  acid ;  formic  and  car- 
bonic acids  being  formed  as  secondary  products  :  by  a  dilute 
solution  of  pure  chromic  acid,  it  is  converted  into  acetic  acid 
(Berthelot). 

(1249)  Metallic  derivatives  of  acetylene. — When  sodium  is 
heated  gently  in  acetylene,  the  latter  is  absorbed,  and  a  volume  of 
hydrogen,  equal  to  about  half  the  acetylene,  is  liberated,  sodium 
acetylene,  CgHNa,  being  formed;  at  a  dull  red  heat,  disodium 
acetylene,  CgNag,  is  produced,  and  a  volume  of  hydrogen  about 
equal  to  that  of  the  acetylene  is  liberated ;  in  both  cases  small 
quantities  of  ethylene  and  ethane  are  formed  by  the  union  of 
acetylene  with  hydrogen.  When  potassium  is  melted  in  acetylene 
it  takes  fire,  and  is  converted  into  dipotassium  acetylene,  CgKg. 
These  compounds  are  immediately  decomposed  by  water,  acetylene 
being  regenerated  (Berthelot). 

The  precipitate  of  so-called  cuprous  acetylide  (cuproso-acetylic 
oxide :  Berthelot ;  cuproso-vinylic  ether  :  Frankland),  formed  on 
passing  acetylene  into  an  ammoniacal  solution  of  cuprous  chloride, 
after  being  washed  with  ammonia  until  free  from  chlorine,  and 
then  with  water,  has  the  composition  indicated  by  the  formula 
(C2H3Cu2)20  (Berthelot).  It  is  a  very  unstable  compound,  deto- 
nating by  percussion,  or  when  heated  to  between  95° and  120°  {20^^ 
and  248°  F.).  By  passing  acetylene  into  a  solution  of  cuprous 
chloride  in  potassic  chloride  and  washing  the  precipitate  with 
potassic  chloride  solution  and  afterwards  with  w  ater,  the  compound 
CgHCugCl  {cuproso-acetylic  chloride :  Berthelot)  is  obtained, 
which  is  of  a  darker  colour  than  the  cuprous  acetylide.  Corre- 
sponding silver  derivatives  (CgHAggjgO  and  CgHAg^Cl,  are  formed 
as  white  precipitates  bypassing  acetylene  into  ammoniacal  solutions 
of  silver  nitrate  and  chloride  :  the  silver  acetylide  is  a  highly 
explosive  compound.  Explosive  gold  and  mercury  derivatives  are 
also  produced  on  passing  acetylene  into  a  solution  of  sodic  auric 
hyposulphite,  or  by  leaving  acetylene  for  some  time  in  contact 
with  a  solution  of  potassic  mercuric  iodide,  mixed  with  a  little 
ammonia.  Acetylene  is  reproduced  from  all  these  metallic  deri- 
vatives when  they  are  warmed  with  hydrochloric  acid. 

Our  knowledge  of  these  substances  is  very  incomplete  how- 
ever, as  their  examination  is  extremely  difficult  on  account  of 
their  explosive  nature;  and  although  Berthelot  has  assigned 
formulae  to  them,  he  has  not  furnished  us  with  the  experimental 
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data  upon  which  his  conclusions  are  based.  The  cuprous  deriva- 
tives, if  the  formulae  given  to  them  are  correct,  may  perhaps  be 
represented  as  follows  : 

HC=C.Cu.Cu 

^O.         HC=C.Cu.CuCl. 
HC=C.Cu.Cu/ 

Although  cuprous  acetylide  is  frequently  regarded  as  a  deri- 
vative of  vinylic  oxide  or  ether,  thus : 

Cu-Cu        Cu-Cu 

II  II; 

HC=C-0-C=CH 

a  consideration  of  the  manner  in  which  it  is  formed,  and 
the  fact  that  acetylene  is  so  readily  reproduced  on  treating 
it  with  hydrochloric  acid,  renders  this  formula  extremely  impro- 
bable, not  to  say  impossible. 

The  silver  derivatives  may  be  similarly  represented  if  it  be 
admitted  that  silver  is  in  these  compounds  trivalent : 

HC=G.Ag=Ag, 

^O.      HCsC.Ag=AgCl. 
HC=C.Ag=Ag/' 

Carstanjen's  formulae  (Journ.  pr.  Chem.  \%\,  iv.  420): 

(AgC=t!Ag),   +    OH,;  AgC  =  CAg  +   HCl ; 

appear  less  probable,  as  there  is  reason  to  doubt  whether  both 
atoms  of  hydrogen  in  the  acetylene  molecule  are  displaced  by 
silver,  since  sodium,  which  appears  to  have  a  greater  displacing 
power  than  silver,  furnishes  disodium  acetylene  only  when  heated 
to  dull  redness  in  the  gas. 

By  agitating  silver  acetylide,  suspended  in  water,  with  an 
ethereal  solution  of  iodine,  until  the  latter  was  no  longer  de- 
colorized, Berend  {Ann.  Chem.  Pharm.,  cxxxv.  257)  obtained  a 
yellow  crystalline  compound  of  the  composition  C^HgT^.  The 
nature  of  this  body  is  at  present  unknown,  but  its  formation 
may,  to  a  certain  extent,  be  regarded  as  evidence,  that,  in  silver 
acetylide,  the  whole  of  the  hydrogen  of  acetylene  is  not  dis- 
placed by  silver. 

(1250)  HoMOLOGUEs  OP  Acetylene. — Preparation  :  The  only 
general   method    at    present   known   of  preparing  these  hydro- 
carbons, is  by  the  action   of  an  alcoholic  solution   of  potassic 
hydrate  on  the  monohaloid  derivatives  of  the  olefines,  thus  : 
CnH^n-iBr   +    KO.C3H5  =   CAa-2   +   ^Br   +   HO.C2H5. 
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It  is  to  be  notedj  however,  that  certain  of  the  haloid  derivatives 
of  the  olefines  are  not  thus  acted  upon,  but  are  converted  by 
double  decomposition  into  ethers  (vide  crotonylene)  : 

C,H2,_iBr  +   KOC2H5  =   CJJ,,_,.OC,n,   +   KBr. 

Properties. — All  the  hydrocarbons  of  the  series  possess  cha- 
racteristic unpleasant  odours. 

They  resemble  acetylene  in  combininsj  in  two  proportions 
with  the  halogens  to  form  either  <^i-haloid  derivatives  of  the 
olefines,  or  tetra-haloid.  derivatives  of  the  paraffins  : 

and  with  the  haloid  acids  forming  either  mono-hsiioid  derivatives 
of  the  olefines,  or  i/i-haloid  derivatives  of  the  paraffins  : 

CnH2„_2+HI=C,H2,_iI  ;  C„H^_2  +  2HI  =  C^H^J^. 

Several  of  the  homologues  of  acetylene  also  furnish  charac- 
teristic precipitates  (metallic  derivatives)  when  added  to  solu- 
tions of  cuprous,  argentic,  gold,  mercury,  and  other  salts,  from 
which  the  original  hydrocarbon  is  reproduced  on  warming  with 
hydrochloric  acid.  In  no  case,  however,  has  the  displacement  of 
more  than  one  atom  of  hydrogen  by  the  metal  been  observed. 
The  formation  of  these  metallic  derivatives  appears  to  be 
restricted  to  the  hydrocarbons  of  the  form  HC^CC^Hgn+p  de- 
rived from  acetylene  by  the  displacement  of  one  of  its  hydrogen 
atoms  by  a  radicle  of  the  0^1120+ ^  series. 

(1251)  Constitution  of  the  Homologues  of  Acetylene. — Although  com- 
paratively little  is  known  of  the  homologueS  of  acetylene,  it  is  already  possible 
to  indicate  the  nature  of  the  various  groups  of  hydrocarbons  included  in  the 
acetylene  series,  and  it  seems  especially  desirable  that  this  should  be  done  in 
order  to  direct  attention  to  the  necessity  of  research  in  this  direction. 
Two  groups  of  hydrocarbons,  represented  by  the  formulae  : 

I.  HC  =  C.CnH2n+l       ,       II.  C„H2„^,.C  ^  C.CA„^, , 

in  which  respectively  one  and  both  atoms  of  hydrogen  in  acetylene  are  displaced 
by  radicles  of  the  form  CnH.2n+i,  may  be  regarded  as  direct  derivatives  of 
acetylene.  Hydrocarbons  of  the  first  group  would  seem  always  to  be  produced 
when  aldehydes  of  the  series  CHgn  +  j.CH^.COH  or  Tcetones  of  the  series 
CnHj,  ^  j.CO.CHg  are  converted  into  dichlorinated  paraffins  by  the  action  of 
phosphoric  chloride,  and  these  are  acted  upon  with  an  alcoholic  solution  of 
potassic  hydrate : 

C„H,,  +  ,.CH,.COH   +   PCI,   --   C„H,,  +  ,.CH,.CHCl,  +  P0Cl3; 

Aldehyde.  Dichlorinated  paraffin. 

C„H,„  +  j.CH,,CHCl,  +   2KOH  =  C^H,n  +  ,.C=CH  +  2KCI  +  2OH,. 

Dichlorinated  paraffin.  Hydrocarbon  of 

acetylene  series. 
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C,H,,  +  ,.C0.CH3    +    PCI,   =    C,H,„+,.CC1,.CH3  +   POCI3; 

Ketone.  Dichlorinated  paraffin, 

C„H,„  +  ,.CCVCH3   +    2KHO   =   C,H,,+,.C=CH   +   2KCI   +    2OH,. 

Dichlorinated  paraffin.  Hydrocarbon  of  acetylene  series. 

The  remaining  groups  of  the  series  are  constructed  on  a  somewhat  different 
type.  The  first  homologue  of  acetylene,  Cfi^,  exists  in  two  modifications ;  one 
of  these,  known  as  allylene,  is  the  first  term  of  the  series  HC^C.CnH  ^  . 
being  methylacetylene,  HC^C.CHg;  the  isomeric  compound,  however,  which 
Henry  has  proposed  to  term  allene  [Deut.  chem.  Ges.  Ber.,  vii.  403),  is  repre- 
sented by  the  formula  H^ClzCzzCH^,  and  from  it  five  groups  of  hydrocarbons 
may  be  derived  by  the  displacement  of  one,  two,  three,  and  four  atoms  of 
hydrogen  by  radicles  of  the  CnH^Q  ^  ^  series  ;  thus  : 

CH.CnH,,  +  ,     CH.C,H,„  +  ,     C(C,H,,  +  ,),     C(C,H,,  +  ;;,     C(C,H,,  +  ,), 
II  11  II  II  II 

c  c  c  c  c 

II  II  II  II  II 

CH,  CH.C,H,,  +  ,     CH,  CH(C,H,,  +  ,)   0(0^,+  ,), 

III.  IV.  V,  VI.  VII. 

It  will  be  noticed  that  in  acetylene  and  the  hydrocarbons  derived  from  it 
(groups  I.  and  II.),  only  two  of  the  carbon  atoms  have  disposable  affinities ;  thus, 
for  example,  when  these  hydrocarbons  combine  with  chlorine  or  bromine,  the 
halogen  can  only  attach  itself  to  two  carbon  atoms,  as  in  the  formation  of  the 
tetrabromopropane,  CHBrg.CBr^.CHg,  from  allylene,  HC^C.CHg;  in  the  case 
of  allene,  however,  and  of  the  hydrocarbons  derived  from  it  (groups  III.  to 
VII.),  three  of  the  carbon  atoms  have  disposable  affinities.  Hydrocarbons  of 
the  acetylene  series,  however,  may  also  be  formed  from  some  of  the  monohaloid 
derivatives  of  the  olefines  by  the  union  of  the  two  monad  hydrocarbon  residues 
left  on  the  removal  of  the  halogen  from  two  molecules  of  the  haloid  derivative ; 
thus : 

aC^Hgn-iBr   -    Br^   =   {C^H^r^-i^  or  ^in^in-^- 

2CH  — CH.CHJ  +  2Na  =  CH  — CH.CH,.CH2.CHzzCH,  +  2ml. 

Ally  lie  iodide.  Diallyl. 

i  In  all  such  hydrocarbons, /owr  of  the  carbon  atoms  have  disposable  affinities. 
This  division  will  doubtless  be  found  to  include  a  large  number  of  groups  of 
strictly  homologous  hydrocarbons,  although  as  yet  very  few  of  them  have  been 


(125:1)  Allylene  or  Propene  :  C3H4  or  HC^C.CH3=40. — 
This  hydrocarbon  may  be  prepared  from  the  crude  chloropropylene, 
C3H5CI,  or  bromopropylene,  CgHgBr,  obtained  from  propylenic 
chloride  or  bromide,  by  heating  it  with  sodic  ethylate  in  sealed 
tubes  at  120°,  or  by  passing  the  vapour  through  a  boiling 
alcoholic  solution  of  potassic  hydrate,  or  simply  by  boiling 
propylenic  bromide  with  an  alcoholic  solution  of  potassic  hydrate ; 
it  is  also  formed  on  the  electrolysis  of  potassic  citraconate,  or 
mesaconate,  C^YL^{CO^)^  (Aarland),  and  by  the  action  of  sodium 
on  the  tetrachloropropane  CH3.CCI3CHCI2  (Fittig  a.  Pfeffer).     It 


i 
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is  a  colourless  gas,  having  a  peculiar  alliaceous  odour,  and 
produces  in  an  ammoniacal  solution  of  argentic  nitrate  a  white 
crystalline  precipitate  of  argentallylene,  CgHgAg;  in  an  ammoniacal 
solution  of  cuprous  chloride  a  greenish-yellow  precipitate  of  a  cu- 
prous derivative  is  obtained.  Allylene  forms  with  bromine  the  two 
compounds  CgH^Brg  and  CgH^Br^,  both  of  which  are  liquid ;  it 
unites  rapidly  with  a  cold  saturated  solution  of  hydrobromic  acid, 
being  converted  into  the  bromopropylene  CHg.CBrZZCHg 
(Reboul). 

Allylene  is  readily  absorbed  by  concentrated  sulphuric  acid; 
on  adding  cold  water  and  distilling,  a  considerable  quantity  of 
acetone  is  obtained,  and  the  solution,  if  neutralized  with  baric 
carbonate  and  concentrated,  furnishes  a  crystalline  baric  salt  of 
the  composition  (C3HgS03)2Ba  (Fittig  a.  Schrohe,  Deut.  chem. 
Ges.  Ber.y  viii.  17  and  367).  The  formation  of  acetone  doubtless 
takes  place  in  the  following  manner : 

CHg.C=CH   +   2H2SO,  =  CHg.CCHSOJ^.CHgj 
CHs.C(HS04)2.CH3  +    OH2  =  CH3.CO.CHg   +   2H2SO4. 

At  the  same  time,  a  portion  of  the  allylene  is  apparently  converted 
into  allylenesulphonic  acid:  C3H4  +  H2S04=C3H3.HS03  +  OH2. 

According  to  Berthelot,  allylene  is  oxidized  by  potassic  per- 
manganate to  malonic  acid,  CgH^O^,  and  by  chromic  acid  to 
propionic  acid,  C3Hg02 ;  by-products  such  as  formic,  acetic, 
carbonic  and  oxalic  acids  are  also  obtained ;  and  in  the  latter 
case  the  formation  of  the  acid  is,  it  is  said,  preceded  by  that  of 
allylene    owide     CgHgO    (?  acetone),    which    boils     at    60° — 6a° 

(i4o°-i43°-6  p.)-  

Isoallylene  or  allene  :  (?)  CHg C CHg. — When  a  saturated 

solution  of  potassic  itaconate,  C3H^(C02K)2,  is  submitted  to 
electrolysis,  this  gas  is  evolved  at  the  positive  electrode,  together 
with  carbonic  anhydride.  It  is  readily  distinguished  from 
allylene,  since  it  does  not  produce  a  precipitate  in  an  ammoniacal 
solution  of  argentic  nitrate,  being  incapable  of  forming  metallic 
derivatives ;  it  is  absorbed  by  bromine,  and  converted  into  the 
compound  CgH^Brg,  which,  when  heated  with  bromine  to  100 
(212°  F.)  furnishes  a  crystalline  tetrabromopropane,  CgH^Br^ 
(Aarland,  Journ  pr.  Chem.  [2],  vi.  256). 

(1253)  Ceoton-xlene:  C^Hg  =  54. — Caventou  obtained  a  hydrocarbon  of  this 
composition,  boiling  at  about  18°  (64°*4  F.),  by  heating  bromobutylene,  C^HyBr, 
with  sodic  ethylate  to  100°  (212''  F.).  The  butylene  bromide,  from  which  the 
bromobutylene  was  prepared,  was  separated  by  fractional  distillation  from  the  mix- 
ture of  bromides  produced  by  passing  into  bromine  the  gases  resulting  from  the 
decomposition  of  fermentation  amylic  alcohol  vapour  at  a  red  heat.  Butlerow  has 
giWQe  showu  that  the  so-called  isobutylene,  B.^CzilC{CE^\,  is  contained  in  these 
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gases,  but  he  finds  that  pure  bromobutylene  prepared  from  pure  isobutylene 
bromide  does  not  yield  Caveatou's  hydrocarbon  when  heated  with  sodic  ethylate, 
the  action  which  takes  place  being  represented  by  the  equation : 

C,H,Br   +   NaOC^H,   =   C,H,.OC,H,   +   NaBrj 

it  therefore  follows  that  the  crotonylene  in  question  was  derived  from  some  other 
butylene  than  isobutylene.     {Zeits.  Chem.  [2],  vi.  523.) 

Crotonylene  is  formed  when  a  mixture  of  acetylene  and  ethylene  is  passed 
through  a  tube  heated  to  dull  redness :  CgH^  4-  C^H^  =  C^H^  (Prunier,  Deut. 
ckem.  Ges.  JBer.,  vi.  825)  ;  it  furnishes,  with  bromine,  a  crystalline  tetrabromo- 
tetrane,  C^H^Br^,  melting  at  1 13°—!  1 5°  (235°*4— 239°  F.).  A  body  apparently 
identical,  and  boiling  at  20° — 25°  (66°— 77°  F.)  may  be  separated  by  fractional 
distillation  from  the  hydrocarbons  condensed  by  compression  from  coal-gas 
(Caventou,  ibid.  70).  By  distilling  erythrite  with  five  times  its  weight  of 
concentrated  formic  acid,  Henninger  [ibid.)  has  obtained  a  crotonylene  which 
furnishes  a  tetrabromotetrane  crystallizing  in  white  needles  or  glistening  rhombic 
plates,  and  melting  at  116°  (240°*8  F.). 

It  is  not  stated  that  the  crotonylene  prepared  by  either  of  these  methods  pro- 
duces a  precipitate  in  solutions  of  silver  or  cuprous  salt,  but  a  crotonylene  which  has 
this  property  is  obtained  by  the  action  of  potassic  hydrate  on  the  dichlorotetrane 
formed  on  distilling  methyl  ethyl  ketone,  CHg.CO.CgHg,  with  phosphoric  chloride 
(Bruylants,  ibid.  viii.  412).  It  boils  at  about  18°  (64°'4  F.),  and  furnishes  a 
crystalline  tetrabromotetrane. 

It  is  highly  probable  that  the  crotonylene  from  methyl  ethyl  ketone  is  ethyl- 
acetylene,  HC^C.CgHg ;  and  if  the  hydrocarbon  from  the  other  sources  above- 
mentioned  is  an  isomeric  compound,  it  is  doubtless  diTnetJiylacetyleney 
CHg.C^C.CHg.  The  formation  of  a  crotonylene  of  the  latter  kind  from 
erythrite  and  formic  acid  is  readily  explained,  the  first  action  consisting  in  the 
production  of  diformin  or  ethereal  salt  of  formic  acid,  thus : 

CH2.OH  CH2.OHCO 

CH.OH  CH.OH 

I  +     2H.COOH  =1  +     2OH,; 

CH.OH  Formic  acid.  CH.OH 

I  I 

CH,.OH  CH^.OHCO 

Erythrite.  Erythroformin. 

which  subsequently,  on  distillation,  is  broken  up  into  crotonylene^  carbonic  anhy- 
dride, and  water : 

CH^.OHCO  CH3 


CH.OH  C 

I  -       III 

CH.OH  C 

I  I 

CK.OHCO  CH 


2CO2       +       2OH,. 


(1254)  Peopylacetylene.  Isopeopylacetylene.  Valeeylene.  Tso- 
PRENE  :  CgHg  =  68. — JPropylacetyletie  is  produced  from  methyl  propyl  ketone, 
CH3.CO.C3Hy,  by  the  method  already  described,  and  isopropylacetylene  is 
similarly  prepared  from  the  valeric  aldehyde,  (CH3)2HC.CH2.COH,  formed  on 
oxidizing  fermentation  amylic  alcohol.  Propylacetylene  boils  at  48  — 49 
,(ii8°-4— 120°'2  i".)*     They  are  mobile  colourless  liquids,  possessing  a  peculiar 
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alliaceous  odour,  and  produce  white  precipitates  of  the  composition  C^HjAg,  in 
an  aramoniacal  solution  of  argentic  nitrate,  and  yellow  precipitates  in  a  cuprous 
solution.  They  combine  with  bromine,  forming  liquid  compounds  of  the  com- 
position CgHgEr^  and  C  HgBr^.  The  dibromamylene  thus  derived  from  propyl- 
acetylene  boils  at  190  (374°  F.),  and  that  from  isopropylacetylene  at  175** 
(347  ^')>  but  the  latter  is  at  the  same  time  partially  decomposed  ;  the  tetrabro- 
mopentanes  boil  at  275°  (527°  F.),  (Bruylants,  Deut.  chem.  Ges.  J5^.,  viii.  406). 

Valerylene^  which  was  discovered  by  Reboul,  is  obtained  by  heating  amylene 
bromide,  C-H^pBr^,  to  140°  (284°  F.),  with  a  concentrated  alcoholic  solution  of 
potassic  hydrate.  It  is  a  mobile  liquid  of  alliaceous  odour,  which  boils  at  44° 
(tii°*2  F.)  ;  it  does  not  precipitate  an  ammoniacal  cuprous  solution  ;  it  unites 
with  bromine,  forming  the  compounds  CgHgBr^  and  CjHgBr^,  of  which  the 
former  boils  at  i68° — 172°  (334°'4 — 34i°*6  F.).  Inasmuch  as  the  nature  of 
Eeboul's  amylene  bromide  is  not  known,  the  composition  of  valeryleue  is 
uncertain,  but  it  is  not  improbably  a  dimethylallene,  H^C     C     C(CHJ^. 

Isoprene  is  a  hydrocarbon  obtained  together  with  other  products  by  the 
dry  distillation  of  caoutchouc  and  gutta-percha;  it  boils  at  37° — 38°  (98°6 — 
loo°'4  F.).  It  absorbs  oxygen  on  exposure  to  the  air,  and  becomes  thickened. 
In  this  condition  it  has  powerful  bleaching  properties,  and  when  it  is  distilled  a 
violent  reaction  takes  place,  and  the  residue  suddenly  solidifies  to  a  white 
amorphous  mass  of  the  composition  C^pH^gO  (Greville  Williams). 

(1255)  Hexoylene,  Diallyl:  CgH^Q  =  82. — The  first  of  these  hydrocar- 
bons is  produced  by  heating  bromohexylene,  CgH^^Br  (from  dibromehexane 
from  American  petroleum  oil)  to  140° — 160°  (284° — 320°  F.),  with  an 
alcoholic  solution  of  potassic  hydrate.  The  hexoylene  boils  at  80° — 85° 
(176°— 185°  F.),  (Caventou) ;  at  76°— 80°  (i68°— 1 76°  F.),  (Reboul  a.  Truchot). 
It  forms  liquid  substances  with  bromine  of  the  composition  CgH^^Br^,  and 
CgHjgBr^.  Schorlemmer  has  shown  that  crude  benzene  contains  a  hydrocarbbn 
of  the  composition  CgHj^  {Ann.  Chem.  Tharm.,  cxxxix.  251), 

Biallyl  :  CB—CR.C}1^.CK^.CRZZ.CB.^.  —  D'yd\\y\  is  produced  in  a 
variety  of  ways  from  the  allyl  compounds,  as,  for  example,  by  the  action  of 
sodium  on  a-iodopropylene  or  allylic  iodide,  CgHgl,  and  on  a-trichloro-  and 
a-tribromopropane,  but  it  is  best  prepared  by  adding  mercurallylic  iodide  to  a 
solution  of  potassic  cyanide ;  an  action  at  once  takes  place  in  the  cold,  and  on 
subsequently  distilling,  the  diallyl  passes  over  with  the  aqueous  vapour  (Oppen- 
heim,  Deut.  chem,  Ges.  Ber.,  iv.  672) : 

2C3HsHgI   +    2KCN   =   CgH,,   +   Hg(CN)2   +    Hg  +    2KI.        jjfl 

It  is  a  mobile  colourless  liquid,  having  an  ethereal  pungent  odour  like  that  of 
the  radish;  it  boils  at  59°  (i38°-2  F.),  and  at  17°  (62°'6  F.)  has  the  sp.  gr. 
0-685. 

The  behaviour  of  diallyl  with  various  substances  has  been  very  carefully 
examined.  Thus,  when  combined  with  bromine,  it  furnishes  a  crystalline 
tetrabromohexane,  CgH^j^Br^  which  melts  at  37°  (98°*6  F.),  and  when  gently 
warmed  with  iodine  a  corresponding  crystalline  tetriodohexane,  CgHj^^I^.  On 
adding  nitric  peroxide  to  an  ethereal  solution  of  diallyl,  crystals  of  the  compound 
CjHj^CNO^)^  separate.  When  diallyl  is  heated  to  100°  (212*'  F.)  with  a  I 
saturated  solution  of  hydrochloric  acid,  the  compounds  CgH^^Cl  and  CgH^^Clj 
are  produced,  and  corresponding  iodo-derivatives  are  formed  on  heating  it  with 
hydriodic  acid.  On  mixing  diallyl  and  concentrated  sulphuric  acid,  a  violent 
reaction  takes  place,  but  if  this  be  moderated  by  adding  the  acid  gradually  and 
with  constant  agitation  to  a  solution  of  diallyl  in  an  equal  volume  of  the  pure 
paraffin  hydrocarbons  boiling  at  5  5° — 60°  (i  2 1° — 140°  F.)  until  no  further  action 
is  observed,  and  the  lower  acid  layer  be  then  separated  and  mixed  with  water, 
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an  oil  separates  which,  is  a  mixture  of  .the  compound  CgHj2^  with  a  number  of 
hydrocarbons  polymeric  with  diallyl  of  the  composition  (CgH^^j)n  (Jekyll, 
Chem.  News,  xxii.  221). 

(1256)  Amylacetylene!  Teteamethylallene :  CyHj2  =  96.  —  Amyl- 
acetylene  or  oenanthylidene  :  HC^C(CgHg)*  is  obtained  by  the  action  of  potassic 
hydrate  on  the  dichloroheptane,  CyH^^Clj,  and  dibromoheptane,  CyH^^Br^, 
formed  from  heptylic  aldehyde  (Rubien,  Ann.  Chem.  Pharm.,  cxlii.  294 ; 
Bruylants,  Deut.  chem.  Ges.  Ber.,  viii.  409).  It  is  a  colourless  liquid,  of 
alliaceous  odour,  which,  according  to  Eubien,  boils  at  106° — 108°  (2  2  2°'8 — 
2  26°'4  F.),  but  according  to  Bruylants,  at  100°  (212°  F.)  It  produces  a  white 
precipitate,  CyH^^Ag,  in  an  ammoniacal  solution  of  argentic  nitrate,  and  a 
yellow  precipitate  in  an  ammoniacal  cuprous  solution  j  with  bromine  it  furnishes 
the  compounds  CyH^^^r^  and  C^H^fiv^^, 

Tetramethylallene :  (C H J ^C  C  C (C H^) ^. — This  hydrocarbon  is  formed 
by  treating  the  dichloroheptane  from  diisobutyl  ketone,  (CH3)2HC.CO.CH(CH3)2, 
with  an  alcoholic  solution  of  potassic  hydrate  (Henry,  Deut.  chem.  Ges.  Ber., 
viii.  400).  It  is  a  liquid  of  unpleasant  odour,  which  boils  at  about  70° 
(158°  F.);  it  does  not  furnish  metallic  derivatives. 

(1257)  Capeylidene-  Teteahydeometaxylene:  CgH^^=  100. — Rubien 
obtained  caprylidene  by  the  action,  of  potassic  hydrate  on  the  dibromoctane, 
CgH^^Br^,  formed  from  octylene  or  caprylene  (?  from  castor-oil  octylic  alcohol) 
and  bromine.  It  is  a  colourless  liquid,  of  faint  alliaceous  odour,  which  boils  at 
134°  (272°'7  F.),  and  combines  with  bromine  to  form  the  two  compounds 
CgH^.Br,  and  CgH^.Br,. 

Tetrahydrometaxylene. — When  camphoric  acid,  C^gH^gO^,  is  decomposed  by 
heating  with  hydriodic  or  hydrochloric  acid,  a  mixture  of  two  hydrocarbons  of 
the  compositions  CgH^^,  which  boils  at  119°  {2^6°'2  F.)  is  obtained,  about  half  of 
which  consists  of  tetrahydrometaxylene — 'a  hydrocarbon  which  may  be  produced 
by  heating  metaxylene,  CJi^Q,  with  hydriodic  acid  and  phosphorus.  By  the  action 
of  concentrated  nitric  acid,  tetrahydrometaxylene  is  converted  into  trinitro- 
metaxylene,  C3H/N02)3. 

A  third  isomeric  hydrocarbon,  boiling  at  105°  (221°  F.),  is  obtained  by 
distilling  the  copper  salt  of  camphoric  acid  (Wreden,  Deut.  chem.  Ges.  Ber.,  v. 
608,  764,  1106;  vi.  1381). 

(1258)  Decenylene.  Menthene.  Rutylene  :  C^pH^g=  138. — By  succes- 
sively converting  petroleum  decane,  C^^H^^,  into  chlorodecane,  decylene,  and 
dibromodecane,  and  submitting  the  last  of  these  compounds  to  the  action  of 
potassic  hydrate,  Reboul  and  Truchot  obtained  a  hydrocarbon  of  the  composition 
CjjjH^g,  boiling  at  about  165°  (329°  F.),  to  which  they  gave  the  name  deceny- 
lene. With  bromine  it  furnishes  the  two  compounds  C^Ji^^^r^,  and  C^^^H^gBr^. 
Butylene  is  formed  by  heating  the  dibromodecane  from  diamylene  (diamylene 
bromide)  with  an  alcoholic  solution  of  sodic  hydrate  (Bauer,  Ann.  Chem.  Bharm., 
cxxxv.  344).  It  boils  at  about  150°  (302°  F.).  When  treated  with  bromine 
at  a  low  temperature  it  is  converted  into  the  dibromide  C^^H^gBrg,  which  is  an 
extremely  unstable  substance,  decomposing  even  at  the  ordinary  atmospheric 
temperature. 

Menthene  is  a  hydrocarbon  produced  by  the  action  of  phosphoric  anhydride 
on  menthol  or  peppermint-camphor,  C^^H^g.OH,  It  is  a  transparent  mobile 
liquid,  which  boils  at  163°  (325^*4  F.),  and  has  an  agreeable  odour  and 
cooling  taste.  It  combines  with  bromine  in  two  proportions,  forming  the  com- 
pounds C^^H^gBr^  and  C^^gH^gBr^ ;  the  former  of  these,  when  treated  with 
potassic  hydrate,  furnishes  a  hydrocarbon  of  the  composition  Cj^H^g  (Oppenheim), 
whilst  the  latter  is  resolved  by  distillation  into  cymene,  C^^B.^^,  and  hydro- 
bromic  acid  (Wright). 
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(1259)  Endecentlene  :  C^JI^^=i^2. — Noni/laceti/len€,'RC^^{C^}i^^Y, 
the  only  known  modification  of  this  hydrocarbon,  is  formed  by  heating  the 
dichlorendecane  from  methyl  nonyl  ketone,  CHg.CO.CgHjg,  with  potassic  hydrate 
(Bruj'lants,  Deut.  chem.  Ges.  Ber.,  viii.  412).  It  boils  at  210° — 215"* 
(410° — 419°  F.),  and  produces  a  white  precipitate  in  an  ammoniacal  solution  of 
a  silver  salt,  and  a  brownish  yellow  precipitate  with  a  cuprous  salt. 

(1260)  Benylene  :  C^j.H28=2o8, — By  the  action  of  bromine  at  -17^ 
(i°'4  F.)  on  triamylene,  C^^Hg^,  a  triamylenic  bromide,  C^gHg^Br^,  is  obtained, 
which  is  converted  by  heating  with  argentic  acetate  into  triamylenic  acetate, 
^15^30(^2^3^2)  '  when  this  compound  is  decomposed  with  potassic  hydrate,  it 
yields  the  hydrocarbon  benylene,  potassic  acetate,  and  water  (Bauer,  Ann.  Chem. 
JPharm.,  cxxxvii.  249).  It  is  a  viscid  colourless  liquid,  having  but  a  faint  odour, 
and  boils  at  230° — 240°  (446° — 464°  F.)  ;  it  combines  readily  with  bromine. 

(1261)  Cetenylene  orCETiNE  :  C^gHg^sr  222,  may  be  produced  by  splitting 
off  two  molecules  of  hydrobromic  acid  from  cetylene  bromide,  OjgHggBr^ 
(Chydenius,  Ann.  Chem.  Pharm.,  cxliii.  267).  It  is  a  colourless  liquid,  lighter 
than  water,  and  boils  without  decomposition  at  280° — 285°  (536° — 545°  F.). 

§  IV.  Hydrocarbons  of  the  OJI^^-a,  Series, — Terpenes. 

(1262)  Our  knowledge  of  this  series  chiefly  extends  to  the 
hydrocarbons  of  the  composition  Cj^^H^g.  Only  two  containing 
fewer  atoms  of  carbon  have  been  described,  viz. :  Valylene,  C^Hg, 
and  Carpene,  CgH^^  although  Pinner  formerly  stated  {Deut.  chem. 
Ges.  Ber. J  viii.  898,  J282)  that  a  gaseous  hydrocarbon  of  the  com- 
position C3H2,  which  he  called /?ro/?ar^?/ /ewe,  might  be  obtained  by 
acting  on  the  dichlorallylene,  CgHgClg,  from  croton-chloral  (see 
cro tonic  aldehyde)  with  sodium,  and  treating  the  product  with 
water ;  it  would  seem  that  a  hydrocarbon  of  this  composition 
does  not  really  exist. 

The  hydrocarbons  CjoHjg,  which  may  be  conveniently  desig- 
nated by  the  name  of  terpenes,  constitute  a  large  proportion  of 
the  greater  number  of  the  essential  or  volatile  oils,  as  the  odori- 
ferous oils^  obtained  from  plants  are  usually  called.  The  terpenes 
from  natural  sources  all  exhibit  to  a  greater  or  lesser  extent  the 


*  The  oils  furnished  by  various  plants  may  with  few  exceptions  be  divided 
into  three  classes  :  I.  those  which  furnish  glycerin  and  acids  of  the  acetic  or 
oleic  series  when  decomposed  by  treatment  with  alkalies;  II.  those  which  yield 
an  alcohol  of  the  ethylic  series  and  an  acid  of  the  acetic  series  when  similarly 
treated  ;  and  III.  those  which  are  not  affected  by  treatment  with  alkalies,  and 
which  contain  as  a  more  or  less  essential  constituent  a  hydrocarbon  of  the  com- 
position Cj^H^g  or  CjjH^^.  The  first  class  includes  such  well-known  substances 
as  olive  and  palm  oils,  and  the  oils  of  this  class  are  usually  termed  ^xed  oils, 
because  they  cannot  be  distilled  unchanged;  they  are  inflammable,  nearly  or 
quite  odourless,  and  scarcely  soluble  in  water,  although  readily  dissolved  by 
alcohol  and  ether;  they  produce  a  permanent  greasy  stain  when  applied  to  paper, 
and  when  rubbed  upon  the  skin  give  rise  to  an  unctuous  feeling.  The  oils  of 
the  second  class  are  of  comparatively  rare  occurrence,  and  have  as  yet  only  been 
obtained  from  certain  umbelliferous  plants  :  thus  the  oils  extracted  from  the 
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power  of  causing  the  deviation  of  circularly  polarized  light 
either  to  the  right  or  to  the  left.  Up  to  the  present  time  a 
very  large  number  of  varieties  have  been  distinguished,  chiefly 
by  reason  of  their  behaviour  with  polarized  light,  the  terpene 
from  one  plant  being  seldom  considered  as  identical  with 
that  derived  from  another.  As  few  of  these  have  been  well  exa- 
mined, however,  and  there  is  little  doubt  that  many  of  the 
terpenes  which  have  been  described  have  been  far  from  pure,  it 
is  not  improbable  that  the  number  of  isomerides  of  the  com- 
position CjoH^g  has  been  much  exaggerated,  and  therefore  that 
when  the  terpenes  from  various  sources  are  carefully  studied  and 
compared,  some,  or  even  many,  now  regarded  as  isomeric,  will  be 
found  to  be  identical. 

(1263)  Valylene  :  0^11^=66. — Reboul  obtained  this  hydro- 
carbon by  the  action  of  an  alcoholic  solution  of  potassic  hydrate 


fruits  of  Seracleum  giganteum,  JEL.  spondylium,  and  Pastinaca  sativa  are 
mixtures  of  ethereal  salts,  which  yield  hexylic  and  octylic  alcohols,  and  acetic 
and  butyric  acids  on  treatment  with  alkalies ;  these  oils  have  a  more  or  less 
fruity  odour.  The  oils  of  the  third  class,  of  which  common  turpentine-oil  may- 
be quoted  as  an  example,  like  the  fixed  oils,  are  inflammable,  and  sparingly 
soluble  in  water,  although  readily  soluble  in  alcohol  and  ether;  but  the 
greasy  mark  they  produce  upon  paper  is  only  transient,  and  they  feel  harsh 
instead  of  unctuous  when  rubbed  upon  the  skin.  Since  they  can  be  distilled 
unchanged,  or  nearly  so,  and  as  they  constitute  the  distinctive  compound  of  the 
plants  which  yield  them,  they  are  termed  volatile  or  essential  oils.  Although 
the  boiling-point  of  these  oils  lies  considerably  above  100°  (212°  F.),  they  emit 
at  ordinary  temperatures  minute  quantities  of  an  intensely  odorous  vapour. 
Besides  the  hydrocarbons  of  the  composition  Cj^H^g  or  C^gH^^,  which  are  in 
many  cases,  although  by  no  means  always,  the  main  constituents  of  these  oils, 
there  is  invariably  present  one  or  more  oxygenated  compounds  j  these  latter 
belong  to  the  most  varied  classes  of  bodies,  although  a  comparatively  simple 
genetic  relation  between  them  and  the  associated  hydrocarbons  may  be  traced  in 
many  instances.  Many  of  the  oxygenated  compounds  are  solids,  being  held  in 
solution  in  the  oil,  from  which  they  frequently  separate  in  the  crystalline  state 
on  cooling.  These  solid  constituents  of  the  essential  oils  were  formerly  spoken 
of  collectively  as  stearoptenes,  the  fluid  portion  of  the  oil  being  termed  in 
contradistinction  the  eloeoptene. 

A  few  oils  which  are  not  included  in  the  above  classes  have  been  obtained 
from  plants.  Thus  the  bitter  almond  contains  a  substance  known  as  amygdalin, 
which,  under  the  influence  of  a  ferment  present  in  the  seed,  is  resolved  into 
sugar,  hydrocyanic  acid,  and  hitter  almond  oil  or  benzoic  aldehyde,  C^HgO  j 
mustard  seed  similarly  contains  a  substance  known  as  myrosin,  which,  when 
acted  upon  by  a  ferment  present  in  the  seed,  furnishes  mustard  oil  or  allylio 
isothiocyanate,  CgHg.NCS.  The  oils  from  Tropceolum  majus  and  the  common 
garden-cress  {Lepidium  sativum),  2iCC0Ydim^  to  Hofmann,  consist  oi phenylaceto- 
nitrile,  CgHj-CH^CN,  whilst  the  oil  from  the  water-cress  {Nasturtium  officinale) 
is  phenylpropionitrile,  CgH5.C2H4.CN.  The  same  chemist  has  shown  that  the 
oil  of  the  spoon-wort  {Gochlearia  officinalis)  is  a  secondary  hutylic  isothio- 
cyanate, C^Hj^.NCS. 
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on  the  compound  C^HgBrg,  formed  from  valerylene.  It  is  a 
mobile  liquid  of  an  alliaceous  odour^  which  boils  at  about  50° 
(12:2°  F.);  it  produces  a  yellow  precipitate  of  a  cuprous  deri- 
vative when  added  to  an  ammoniacal  solution  of  cuprous  chloride, 
from  which  the  hydrocarbon  is  regenerated  on  warming  with 
dilute  hydrochloric  acid.  When  bromine  is  added  drop  by  drop  to 
carefully  cooled  valylene,  a  crystalline  mass  is  obtained,  saturated 
with  an  oil;  the  crystals  consist  of  CgHgBrg,  whilst  the  oil 
contains  the  compound  C-HgBr^,  and  perhaps  also  CgHgBrg. 

(1264)  Carpene  :  C^}1^^=122. — This  hydrocarbon  is  pro- 
duced, together  with  other  bodies,  when  the  calcium  salt  of  podo- 
carpic  acid  is  destructively  distilled  (Oudemans,  Ann.  Chem. 
P harm. J  clxx.  252).  It  is  a  mobile  liquid  having  an  odour  which 
recalls  both  that  of  turpentine  and  that  of  storax.  It  boils  at 
about  ^^^°  (311°  F.).  By  the  action  of  bromine  it  is  converted 
into  the  substitution  derivatives  C^H^gBr.  and  CgH^gBrg.  It 
rapidly  absorbs  oxygen  from  the  air,  being  converted  into  a 
resinous  amorphous  substance,  which  approximately  has  the  com- 
position CjgHggOg;  in  this  respect,  more  especially,  carpene 
exhibits  a  very  close  resemblance  to  the  terpenes. 

(1265)  Artieicial  Terpenes:  C^o^ie  =  ^3^-  —  -^  hydro- 
carbon of  the  composition  C-^QH^g  has  been  synthetically 
produced  by  the  action  of  an  alcoholic  solution  of  potassic 
hydrate  on  the  compound  Cj^jH^gBr^  from  rutylene  (Bauer  a. 
Verson,  Ann.  Chem.  Pharm.,  cli.  52).  The  body  thus  obtained 
exhibits  most  of  the  properties  which  characterize  the  natural 
terpenes,  although  optically  inactive.  It  is  colourless,  and  has 
a  strong  odour,  resembling  that  of  turpentine,  and  when  ignited 
it  burns  with  a  luminous  smoky  flame;  it  boils  at  156° — 160° 
(3i2°"8 — 320°  F.).  "When  bromine  is  added  to  the  well-cooled 
hydrocarbon,  combination  at  first  takes  place  without  evolution 
of  hydrobromic  acid,  but  after  the  addition  of  the  first  few  drops 
of  bromine  the  action  becomes  violent,  and  much  hydrobromic 
acid  is  given  off.  Nitric  acid  exerts  a  powerful  oxidizing  action. 
It  readily  absorbs  oxygen  from  the  atmosphere,  and  on  this 
account  mainly  its  preparation  in  a  state  of  purity  is  extremely 
difficult.  Bauer  and  Verson  state  that  by  saturating  the  hydro- 
carbon with  hydrochloric  acid  gas  and  then  distilling,  an  almost 
colourless  liquid,  boiling  at  about  180°  (356°  F.)  was  obtained, 
which  approximately  had  the  composition  corresponding  with  the 
formula  (CjyH^g)2HCl ;  but  the  portion  passing  over  between 
180° — 200°  (356° — 392°  F.)  decomposed  with  evolution  of  hydro- 
chloric acid  and  blackening.     Terebene  from  turpentine  oil  was 
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at  that  time  (1869)  supposed  to  form  a  similar  compound  with 
hydrochloric  acid,  and  Bauer  and  Verson  were  therefore  led  to 
regard  their  hydrocarbon  as  perhaps  identical  with  terebene;  it 
has  since  been  shown,  however^  by  Riban  that  "  terebene  hydro- 
chloride" has  the  composition  Cj^Hj^Cl,  and  there  can  be  little 
doubt  that  the  substance  they  obtained  was  impure.  Terpenes 
have  also  been  prepared  artificially  by  polymerizing  isoprene, 
CgHg,  and  by  splitting  off  the  elements  of  water  from  the  oxy- 
genated compounds  of  the  composition  C^QH^gO,  contained  in 
various  essential  oils ;  these  will  be  described  later  on. 

(1266)  Natural  Terpenes. — Hydrocarbons  of  the  composi- 
tion C^pH^g  have  been  obtained  from  plants  of  the  most  various 
kinds,  but  those  which  are  of  the  most  importance  as  articles  of 
commerce  are  derived  from  the  Coniferce.  The  oleo-resinous  juices 
which  exude  from  the  trees  of  this  order  are  commonly  known  as 
turpeniines,  and  are  solutions  of  "  resins"  in  hydrocarbons  of  the 
composition  Cj^H^g ;  by  distilling  the  turpentines,  either  alone  or 
with  water,  these  hydrocarbons  or  turpentine-oils  are  separated. 
There  are  many  varieties  of  turpentine-oil ;  but  the  two  most 
important  commercially,  are  Fre?ich  turpentine-oil  derived  from  the 
French  or  Bordeaux  turpentine  of  Pinus  maritima,  and  the  so- 
called  English  turpentine-oil  from  the  turpentine  collected  in  the 
United  States  of  America  from  Pinus  Austrulis  and  P.  tceda. 

The  following  account  of  the  extraction  of  turpentine  is  given 
by  Hanbury  and  Fliickiger  [Pharmacographia,  p.  546)  : 

In  the  United  States,  turpentine  is  obtained  to  the  largest  extent  from 
Pinus  Australis,  of  which  tree  there  are  vast  forests  in  North  and  South 
Carolina,  Georgia,  and  Alabama.  But  it  is  in  North  Carolina  that  the  extraction 
is  principally  carried  on. 

In  the  winter,  i.e.,  from  November  to  March,  the  negroes  in  a  Turpentine 
Orchard,  as  the  district  of  forest  to  be  -vvorked  is  called,  are  occupied  in  making 
in  the  trunks  of  the  trees  cavities  which  are  technically  known  as  boxes.  For 
this  purpose  a  long  narrow  axe  is  used,  and  some  skill  is  required  to  wield  it 
properly.  The  boxes  are  made  from  6  to  12  inches  above  the  ground,  and  are 
shaped  like  a  distended  waistcoat  pocket,  the  bottom  being  about  4  inches  below 
the  lower  lip,  and  8  or  10  below  the  upper.  On  a  tree  of  medium  size  a  box 
should  be  made  to  hold  a  quart.  The  less  the  axe  approaches  the  centre  of  the 
tree  the  better,  as  vitality  is  the  less  endangered.  From  i  to  4  boxes  are 
made  in  each  tree,  a  few  inches  of  bark  being  left  betvy^sen  them.  The  greater 
number  of  trees  from  which  turpentine  is  now  obtjained  are  from  IZ  to  1 8 
nches  in  diameter  and  have  three  boxes  each. 

The  boxes  having  been  made,  the  bark  and  a  little  of  the  wood  immediately 
jeneath  it  are  haclced  ;  and  from  this  excoriation,  the  sap  begins  to  flow  about 
he  middle  of  March,  gradually  filling  the  box.  Each  tree  requires  to  be  freshly 
lacked  every  8  or  to  days,  a  very  slight  wound  above  the  last  being  all  that  is 
leeded.  The  hacking  is  carried  on  year  after  year,  until  it  reaches  to  the  height 
i'  1 2  or  1 5  feet  or  more,  ladders  being  used.  The  turpentine,  which  is  called  dip, 
3  Q 
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is  removed  from  the  boxes  by  a  spoon  or  ladle  of  peculiar  form,  and  collected  into 
barrels.  The  first  year's  flow  of  a  new  tree,  having  but  a  small  surface  to 
traverse  before  it  reaches  the  box,  is  of  special  goodness  and  is  termed  Virgin 
dip.  The  turpentine  which  concretes  upon  the  trunk  is  occasionally  scraped  off 
and  barrelled  by  itself,  and  is  known  in  the,  market  as  scrape,  or  by  English 
druggists  as  Common  Frankincense  or  Gum  Thus. 

Although  a  large  amount  of  turpentine  is  shipped  to  the  northern  ports  for 
distillation,  a  still  larger  is  distilled  in  the  neighbourhood  of  the  terpentine 
orchards.  Copper  sti'ls  are  used  capable  of  containing  5  to  20  barrels  of 
turpentine.  The  turpentine  is  distilled  without  water,  the  vo'atile  oil  as  it  flows 
from  the  worm  being  received  in  the  barrel  in  which  it  is  afterwards  sent  to 
market.  When  all  the  oil  that  can  be  profitably  drawn  off"  has  been  obtained,  a 
spigot  is  removed  from  an  opening  in  the  bottom  of  the  still  and  the  residual 
Mosin,  appearing  as  a  viscid  fluid  like  molasses,  is  allowed  to  flow  out.  Only 
the  first  qualities  of  rosin,  as  that  obtained  from  Virgin  dip,  are  generally 
considered  worth  saving,  the  less  pure  sorts  being  simply  allowed  to  run  to 
waste.  When  it  is  intended  to  save  the  rosin,  the  latter  is  drawn  ofi"  into  a  vat 
of  water,  which  separates  the  chips  and  other  rubbish,  and  the  rosin  is  then 
placed  in  barrels  for  the  market.  A  North  Carolina  turpentine  orchard  will 
remain  productive  under  ordinary  treatment  for  fifty  years. 

The  collection  of  turpentine  in  the  departments  of  the  Landes  and  Gironde 
in  the  south-west  of  France,  chiefly  in  the  neighbourhood  of  Bordeaux,  and  the 
tract  of  country  between  Bordeaux  and  Bayonne,  is  performed  in  a  more  rational 
manner  than  in  America,  inasmuch  as  the  plan  of  making  deep  cavities  in  the 
tree  for  the  purpose  of  receiving  the  rosin,  is  avoided  by  the  simple  expedient  of 
placing  a  suitable  vessel  beneath  the  lowest  incision,  the  bark  and  a  very  small 
portion  of  the  underlying  wood  only  being  removed.  The  trees  are  first  tapped  when 
thirty  to  forty  years  old, and  the  collection  takes  place  I'rom  February  until  October. 
A  notch  is  first  made  at  the  foot  of  the  tree  about  3  inches  broad  and  i  inch 
high,  and  above  this  a  fresh  notch  is  made  about  every  8  days.  When  the  tree 
is  notched  in  this  way  to  the  height  of  about  8  or  9  feet,  the  opposite  side  is 
similarly  treated.  By  the  time  that  the  whole  of  the  Wk  has  thus  been  removed, 
the  old  wounds  are  healed  and  the  tree  may  be  again  tapped.  The  turpentine 
which  concretes  upon  the  stem  is  termed  in  France,  Galipot  or  Barras. 

(1267)  French  Turpentine-oil.  Terebenthene. — Berthelot, 
who  was  the  first  to  study  thorouglily  the  chemical  behaviour  of 
this  hydrocarbon,  applied  the  name  terebenthene  to  the  terpene 
which  is  the  chief  constituent  of  the  French  oil ;  his  experiments 
have  recently  been  carefully  revised  and  much  extended  by 
Riban,  and  our  knowledge  of  terebenthene  is  now  far  greater  than 
of  any  of  its  numerous  isomerides. 

To  obtain  pure  terebenthene  the  commercial  oil  is  washed 
with  a  solution  of  an  alkaline  carbonate  to  remove  the  small 
quantity  of  acid  substances  which  it  contains,  and  after  being 
dried,  is  submitted  to  a  long  series  of  fractional  distillations.  The 
oil  commences  to  boil  at  about  *  50°  (302°  F.)  or  even  lower,  and 
the  boiling' point  rises  to  160°  (320°  F.),  but  the  greater  portion 
passes  over  at  about  156°  (3 1 2°'8  F.);  when  the  various  fractions  are 
examined  with  the  polariscope,  it  is  found  that  the  least  volatil^ 
portions  exhibit  the  least   rotatory   power,  whilst  the  maximi 


olatiU 
imuifl 

Jl 


1268.]  TEREBENTHENE.  227 

rotatory  power  is  possessed  by  tlie  portion  boiling  at  about  156° 
(3i2°-8  F.)  (Riban,  Ann.  Ch.  Phys,  [5],  vi.  12). 

Terebenthene  is  a  colourless  mobile  liquid  of  peculiar  aro- 
matic odour.  The  corrected  boiling-point  of  pure  terebenthene 
under  the  pressure  of  760  mm.  of  mercury  is  156°  (312°- 8  F.). 
It  exerts  a  Isevorotatory  action  on  the  polarized  ray ;  the  specific 
rotatory  power  determined  with  the  aid  of  Cornu^s  apparatus 
illumined  with  the  yellow  monochromatic  sodium  flame  at  10° 
(50°  F.)  being  [a]^  =  —  40°'3o/''''  Its  density  at  0°  (32°  F.)  is 
•8767. 

(1268)  Compounds  of  Terebenthene  with  the  Haloid  Acids. — 
Terebenthene  and^  in  fact,  all  the  terpenes  combine  readily  with 
a  single  molecule,  and  some  with  two  molecules,  of  hydrochloric, 
hydrobromic,  or  hydriodic  acid,  forming  bodies  which,  from  their 
composition,  may  be  regarded  respectively  as  monohaloid  deriva- 
tives of  hydrocarbons  of  the  acetylene  series,  and  dihaloid  deriva- 
tives of  hydrocarbons  of  the  ethylene  series. 

Terebenthene  hydrochlorides ,  C^qH^^CI. — When  a  slow  current 
of  hydrochloric  acid  gas  is  passed  into  cooled  terebenthene,  a 
mixture  of  two  isomeric  compounds  of  the  formula  C^QH^yCl  is 
produced,  one  of  which  is  solid  and  the  other  liquid ;  the  relative 
proportions  in  which  they  are  formed  is  dependent  upon  the  tem- 
perature, the  yield  of  the  solid  being  the  greater  the  lower  the 
temperature.  To  obtain  the  solid  terebenthene  hydrochloride  in  a 
pure  state,  the  semi-solid  product  is  submitted  to  powerful  pressure, 
and  the  solid  residue  then  crystallized  at  a  low  temperature  from 
alcohol  or  ether.  The  substance  crystallized  once  from  alcohol 
melts  at  118°  (244°'4  F.),  but  the  melting  point  may  be  raised  to 
123° — 125°  (253°*4 — 257°  F.)  by  several  recrystallizations  :  even 
this,  however,  owing  to  the  occurrence  of  slight  decomposition,  is 
not  the  true  fusion -point,  which  can  only  be  determined  by  ope- 
rating in  an  atmosphere  of  hydrochloric  acid  ;t  it  is  then  found  to 


*  An  explanation  of  the  method  of  determining  the  "  specific  rotatory 
power  "  of  optically  active  substances  will  be  found  under  Sugar. 

t  The  following  is  the  method  of  determining  the  melting  points  of  the  terpene 
hydrochlorides  which  has  been  adopted  by  Riban.  The  substance,  freed  from  mois- 
ture or  alcohol  by  exposure  in  a  desiccator  over  calcic  chloride  (sulphuric  acid  must 
not  be  employed  because  it  rapidly  absorbs  thp  vapour  of  the  hydrochloride),  isj 
introduced  into  the  bend  of  a  U-tube  2  to  3  ram.  in  diameter,  with  thin  walls, 
the  ends  of  which  are  then  drawn  out  into  capillary  tubes ;  the  one  end  is  con- 
nected with  a  desiccating  apparatus  attached  to  an  apparatus  for  evolving  hydro- 
chloric acid  gas,  and  the  other  is  also  connected  with  a  drying  tube  in  order  to 
prevent  the  ingress  of  moist  air.  The  bend  of  the  U-tube  is  then  immersed  in 
a  water-bath  heated  to  about  50°  (122°  F.),  and  the  hydrochloride  is  sublimed 

q3 
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be  131°— 132°  [26  f -^—26^'' 6  F.)  (Riban).  Solid  terebenthene 
hydrochloride  crystallizes  in  white  needles,  and  resembles  common 
camphor  both  in  appearance  and  odour,  so  that  it  has  been  called 
^'  artificial  camphor '':  it  also  sublimes  easily  at  ordinary  tempe- 
ratures. It  is  insoluble  in  water.  It  is  optically  active,  the 
specific  rotatory  power  being  [«]  =  — 32°"2. 

The  liquid  isomeride  is  obtained  in  a  pure  state  with  extreme 
difficulty,  since  even  after  it  has  been  several  times  cooled  in  a 
refrigerating  mixture,  and  separated  from  the  crystals  which  form, 
it  still  contains  a  notable  quantity  of  the  solid  isomeride  and  also 
a  small  quantity  of  the  compound  formed  by  the  union  of  two 
molecules  of  hydrochloric  acid  with  terebenthene.  The  only 
practicable  method  of  removing  these  appears  to  be  distillation 
under  diminished  pressure.  Liquid  terebenthene  hydrochloride 
has  a  more  powerful  Isevorotatory  action  on  polarized  light  than 
the  solid  isomeride. 

The  solid  hydrochloride  is  not  decomposed  by  water  at  the 
ordinary  temperature,  and  is  only  slowly  acted  upon  even  at  100° 
(212  F.) ;  but  at  200°  (392°  F.)  it  is  completely  decomposed  into 
hydrochloric  acid  and  terebene,  which  is  an  optically  inactive 
isomeride  of  terebenthene.  Small  quantities  of  polymeric  hydro- 
carbons, and  of  an  oxygenated  compound  (?  Cj^H^gO)  are  also 
produced.  The  liquid  hydrochloride  is  rapidly  decomposed 
by  water  at  100°  (212°  F.),  with  separation  of  hydrochloric 
acid. 

Terebenthene  dihydrochhride,  Cj^H^gClg. — This  compound  is 
produced  when  terebenthene  is  left  for  some  time  in  contact  with 
a  concentrated  solution  of  hydrochloric  acid.  It  crystallizes  in 
rhombic  plates,  insoluble  in  water,  but  easily  soluble  in  boiling 
alcohol.  It  is  slowly  decomposed,  however,  by  boiling  with  water 
or  alcohol,  and  quickly  by  boiling  with  an  alcoholic  solution  of 
potassic  hydrate,  yielding  terpinol,  (C^pHj^jgO.  When  purified  by 
successive  recrystallizations  at  a  low  temperature  it  melts  con- 
stantly at  49°' 5  (i2i°-i  F.)  (Riban).  If  mixed  with  a  little  con- 
centrated solution  of  ferric  chloride  and  very  gently  heated,  a 
rose  coloration  is  produced,  which  soon  passes  to  an  intense  violet- 
red,  and  finally  to  blue  (Eiban). 


in  a  current  of  hydrochloric  acid  gas  ;  it  is  thus  obtained  condensed  in  the  form 
of  a  ring  in  the  ascending  branch  of  the  tube.  When  the  sublimation  is  com- 
pleted, the  bath  is  removed,  and  when  the  tube  is  cool,  the  current  of  gas 
is  stopped  and  the  capillaries  are  sealed ;  the  U-tube  is  then  immersed  in  a  bath 
of  paraffin  or  sulphuric  acid,  which  is  gradually  heated,  and  the  melting  point 
determined  in  the  usual  manner. 


1269.]  POLYMERIZATION    OF   TEREBENTHENE.  229 

Terehentliene  hydrohromides  and  hydriodides. — A  mixture  of  a  crystalline 
and  a  liquid  hj'drobromide  is  obtained  by  the  action  of  hydrobromic  acid  on 
turpentine-oil,  and  a  crystalline  dibydrobromide,  melting  at  42°  (i07°'6  F.),  is 
produced  by  the  action  of  phosphoric  pentabromide.  The  product  of  the 
action  of  hydriodic  acid  on  turpentine-oil  appears  to  be  a  mixture  of  two 
isomerides,  neither  of  which  has  been  obtained  in  a  solid  state.  The  action  of 
phosphorus  iodide  on  terpin,  C^^^^{OH)_^,  furnishes  a  dihydriodide,  crystallizing 
in  colourless  hexagonal  plates  which  melt  at  48°(ii8°"4  F.)  (Oppenheim).  None 
of  these  bodies  have  as  yet  been  prepared  from  pure  terebenthene. 

(1269)  PoLYMEEiZATiON  OF  Teeebenthene.  DUerehene  OX  Colopkene  : 
^20^82- — Many  substances  possess  the  power  of  converting  terebenthene  (and  its 
isomerides)  into  isomeric  or  polymeric  modifications.  Some  act  even  at 
ordinary  temperatures,  others  only  with  the  aid  of  heat:  again,  whilst  many  produce 
the  change  in  a  very  short  time,  others  act  slowly  and  never  cause  complete  trans- 
formation. In  some  cases  very  small  quantities  of  the  reagent  are  sufficient  to 
produce  complete  conversion;  thus  i  pt.  of  boric  fluoride,  which  is  the  most 
energetic  reagent,  instantly  converts  160  pts.  of  terebenthene,  with  great  rise  of 
temperature,  into  polymeric  optically  inactive  hydrocarbons  boiling  above  300° 
(572°  F.).  Sulphuric  acid  likewise  acts  in  the  cold,  but  less  energetically. 
Weak  mineral  acids  (like  boric  acid),  and  several  organic  acids  (acetic,  oxalic, 
tartaric,  and  citric  acid)  act  upon  terebenthene  at  100"  (212°  F.),  but  the  action 
is  very  slow,  aud  not  complete  even  after  50  to  60  hours.  Zincic  chloride  at 
100°  (212°  F.)  acts  somewhat  more  energetically.  Calcic  fluoride  and  chloride, 
and  even  the  chlorides  of  the  alkali  metals,  act  upon  terebenthene  but  very  feebly  j 
the  transformation  takes  place,  however,  more  quickly  in  presence  of  these 
substances  than  under  the  influence  of  heat  alone. 

The  action  of  sulphuric  acid  on  terebenthene  has  been  studied  by  Deville, 
and  recently  by  Riban.  The  products  which  are  obtained  are  7  or  8  per  cent, 
of  cymerte,  0^^^^,  which  is  probably  produced  by  the  reaction:  C^^^H^g  +  H^SO^^ 
Cj^^Hj^+ 2OH.2  +  SO^;  terehene,  an  isomeride  of  terebenthene;  diterebene  or 
colopkene,  C^gHg, ;  and  higher  polymerides.  According  to  Riban,  the  hydro- 
carbon C^gHg^  is  not  produced. 

The  diterebene  inay  be  separated  approximately  by  distillation ;  it  is  then 
heated  for  some  time  with  sodium  in  sealed  tubes  to  200°  (392°  F.),  to  remove 
oxygenated  substances,  and  afterwards  fractionally  distilled,  when  it  is  obtained  as 
a  colourless  oily  liquid  boiling  at  about  320°  (608°  F.),  of  the  specific  gravity 
0*943  (Riban).  It  is  not  certain,  however,  that  diterebene  even  when  thus 
prepared  is  obtained  in  a  pure  state,  since  Riban  found  that  the  hydrochloride 
prepared  from  it  contained  only  5  06  per  cent,  of  chlorine  instead  of  6'n  per 
cent,  as  required  by  the  formula  C^^Wj^l. 

Tetraterehenthene :  C^^^Hg^. — When  antimonious  chloride,  SbClg,  is  added 
to  terebenthene,  much  heat  is  evolved  and  this  hydrocarbon  is  produced.  To 
prepare  it,  the  chloride  is  carefully  added  in  small  quantities  at  a  time  until  the 
addition  of  afresh  quantity  causes  only  a  slight  evolution  of  heat;  the  tempera- 
ture not  being  allowed  at  any  time  to  rise  above  50°  (122'*  F.).  The  product, 
which  consists  of  diterebene  and  tetraterehenthene,  is  thrown  into  a  considerable 
quantity  of  cold  absolute  alcohol,  and  then  treated  with  hot  alcohol,  the  residue 
is  dissolved  in  ether,  and  the  solution  filtered  ;  the  ether  is  then  distilled  off,  and 
the  residue  heated  to  240°  (464°  F.)  in  vacuo  for  an  hour.  100  pts.  of  tereben- 
thene yield  about  20  pts.  of  tetraterehenthene,  about  20 — 25  pts.  of  antimonioua 
chloride  being  required. 

Tetraterehenthene  is  a  transparent,  almost  colourless,  amorphous,  brittle 
substance,  resembling  colophony  in  appearance ;  it  is  almost  insoluble  in  alcohol, 
but  soluble  in  ether,  carbonic   bisulphide,  benzene,  petroleum,  and  turpentine-oiL 
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It  is  dextrorotatory,  [a]i,  =  +20°  ;  its  density  at  0°  (32°  F.)  is  '977.  It 
is  oxidized  with  extreme  facility  on  exposure  to  the  air,  especially  when  finely 
divided ;  thus  Riban  found  that  after  exposure  to  the  air  for  3  months  at  a 
temperature  of  40° — 45°  (104° — 113°  F.),  it  was  converted  into  an  amorphous 
substance  soluble  in  alcohol,  and  approximately  of  the  composition  C^oHg^Og,  but 
there  was  no  reason  to  believe  that  the  oxidation  was  complete.  It  forms  with 
hydrochloric  acid  a  monohydroehloride,  C^^Hg^Cl,  and  a  ^hydrochloride, 
^40-^66^^2'  ^^^^  ^f  which  are  amorphous;  the  former  is  obtained  by  the  action 
of  dry  hydrochloric  acid  on  the  finely  powdered  hydrocarbon,  the  latter  by 
saturating  an  ethereal  solution  of  the  hydrocarbon  with  hydrochloric  acid. 
Tetraterebenthene  melts  below  100°  (212°  F.),  but  it  does  not  volatilize  below 
35°°  (662°  F  ).  When  submitted  to  distillation  it  furnishes  i.  a  Icevorotatory 
terpene  boiling  at  about  176°  (348°8  F.),  which  appears  to  be  in  all  respects 
identical  with  isoterebenthene  (1270) ;  2.  diterehene ;  and  3.  viscid  products 
boiling  above  the  temperature  indicated  by  the  mercurial  thermometer  (Riban 
Ann.  Ch.  Fhys.  [5],  vi.  42). 

(1270)  Isoterebenthene. — When  terebenthene  is  heated  in 
sealed  tubes  to  300°  (572^  F.)  for  two  hours,  it  is  converted  into 
an  isomeric  hydrocarbon  of  higher  boiling-point,  having  less 
action  on  the  polarized  ray;  to  obtain  it,  the  crude  product  is 
distilled  in  order  to  separate  polymeric  substances,  and  then  care- 
fully fractioned  from  sodium.  Pure  isoterebenthene  has  a  strong 
odour  of  oil  of  lemons;  it  boils  at  about  175°  (347°  F.)  ;  its 
density  at  0°  (32°  F.)  is  '8586,  and  its  specific  rotatory  power  is 
[a]  „  =  —  9°-4.  It  is  more  easily  oxidized  than  any  of  its  isomerides, 
and  when  exposed  to  the  air  in  a  thin  layer,  rapidly  absorbs 
oxygen,  and  in  the  course  of  a  few  hours  is  converted  into  a 
viscid  mass  (Riban,  ihid.  p.  215). 

Isoterebenthene  hydrochloride. — When  isoterebenthene  is 
saturated  with  hydrochloric  acid  gas,  it  is  converted  into  a  liquid 
hydrochloride,  CjqH^^CI,  no  trace  of  a  crystalline  isomeride  being 
produced.  The  product,  when  purified  by  distillation  under 
diminished  pressure,  boils  at  about  110°  (230°  F.),  under  a  pres- 
sure of  2  cm.  of  mercury,  sufl'ering  but  little  decomposition  ;  when 
distilled  under  the  ordinary  pressure,  it  is  partially  decomposed, 
but  the  greater  part  passes  over  at  about  210°  (410°  F.)."^  Its 
specific  rotatory  power  is  [a]j,  =  — o°-47,  and  its  specific  gravity 
at  0°  (32°  F.)  '9927.  It  is  easily  decomposed  by  water  at  100° 
(212°  F.),  and  by  the  action  of  an  alcoholic  solution  of  potassic 
hydrate  at  the  same  temperature,  it  is  reconverted  into  isotere* 
benthene. 

Isoterebenthene  dihydro chloride, — Isoterebenthene  hydrochlo- 
ride   is    readily   converted   into   a  solid    dihydrochloride,  which 


*  According  to  Berthelot,  solid  terebenthene  hydrochloride  boils  with  decora 
position  at  about  215°  (419°  F.). 
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crystallizes  in  plates  melting  at  49°*5  (i2i*^*i  F.).  To  prepare 
this  compound,  isoterebenthene,  or  its  hydrochloride,  is  dissolved 
in  ether,  and  the  solution,  after  being  saturated  with  hydrochloric 
acid,  is  placed  in  a  shallow  vessel.  In  the  course  of  two  or  three 
hours,  when  the  ether  has  evaporated,  a  solid  mass  of  the  dihydro- 
chloride  remains,  which  is  readily  purified  by  crystallization  from 
boiling  absolute  alcohol.  Under  similar  circumstances  tere- 
benthene  furnishes  a  liquid  product,  which  is  a  combination  of 
the  mono-  and  dihydrochloride  :^  CjoHj^Cl  +  Cj^H^gClg.  Isotere- 
benthene  dihydrochloride  furnishes  terpinol  when  boiled  with 
aqueous  alcohol  to  which  some  hydrochloric  acid  has  been 
added. 

Isoterebenthene  is  converted  into  cymene,  C^qH-^^,  by  adding 
carefully  to  one  molecule  a  molecule  of  bromine,  and  distilling 
the  resulting  dibrornide  with  solid  potassic  hydrate  (Riban, 
Compt.  Rend.,  Ixxix.  223). 

(1271)  Terebene. — According  to  Deville,  terebenthene  is  con- 
verted by  the  action  of  concentrated  sulphuric  acid  into  an 
optically  inactive  isomeride,  terebene,  boiling  at  about  160° 
(320°  F.),  which  combines  with  hydrochloric  acid  to  form  a  liquid 
hydrochloride  of  the  composition  (CjQH^g)2HCl.  Riban  has 
recently  shown,  however,  that  Deville^s  terebene  is  a  mixture  of 
an  optically  inactive  terpene  with  cymene,  C^qH^^,  and  that  the 
liquid  hydrochloride  is  a  solution  of  a  solid  hydrochloride, 
CjqHj^CI,  in  cymene  {Ann.  Ch.  Phys.  [5],  xi.  232). 

To  prepare  pure  terebene,  terebenthene  is  carefully  mixed 
with  2^Vth  of  its  weight  of  concentrated  sulphuric  acid,  the 
liquid  is  then  left  to  stand  for  twenty-four  hours,  decanted  from 
the  sediment,  and  distilled ;  the  portion  which  passes  over  below 
250°  (482°  F.)  is  washed  with  sodic  hj^drate  solution  and  with 
water,  and  after  drying  is  again  similarly  treated.  After  five 
to  eight  treatments,  the  product  is  optically  inactive,  and  may 
then  be  resolved  by  long-continued  fractional  distillation  into 
terebene  (b.p.  156°  or  3i2°-8  F.),  cymene  (b.p.  175°  or  347°  F.), 
a  small  quantity  of  a  camphor-like  substance  boiling  at  about 
200°  (392°  F.),  colophene,  CgoHgg,  which  boils  at  about  318° 
(6o4°-4  F.),  and  a  mixture  of  almost  solid  substances  boiling  at 
higher    temperatures.      By    fractioning    the    portion  boiling    at 


*  Berthelot  has  shown  that  a  liquid  is  produced  when  the  solid  hydrochloride 
and  dihydrochloride  of  terebenthene  are  mixed,  and  Riban  finds  that  solid 
terebenthene  and  isoterebenthene  dihydroehlorides  ibrm  liquid  compounds 
when  added  to  the  solid  hydrochlorides  of  terebenthene,  terebene,  and  of  the 
camphenes. 
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155° — 185°  (311° — ^6^°  F.)  from  sodium,  pure  terebene  and 
pure  cymene  may  be  obtained  (Riban,  loc,  cit). 

Terebene  is  a  mobile,  colourless  liquid  of  faint  odour,  which 
does  not  solidify  at  -27°  (-2i°-6  F.).  It  boils  at  155°— 156° 
(31^°— 3i^°'8  F.),  and  its  density  at  0°  (32°  F.)  is  0877, 

Terebene  hydrochloride. — When  cooled  terebene  is  submitted 
to  the  action  of  a  slow  current  of  hydrochloric  acid  gas  it  is 
entirely  converted  into  a  crystalline  mass  of  the  hydrochloride, 
CjqHj^CI.  The  crystals  are  easily  reducible  to  a  powder,  and  are 
thereby  distinguished  from  those  of  terebenthene  hydrochloride, 
which  are  soft  and  waxy.  The  crystals  purified  by  sublimation 
in  an  atmosphere  of  dry  hydrochloric  acid  gas  still  contain  about  5 
per  cent,  less  chlorine  than  is  required  by  theory  (20*57  per  cent.), 
and  the  loss  increases,  even  when  they  are  kept  in  a  dry  atmo- 
sphere, until  the  percentage  of  chlorine  is  reduced  to  17  or  18. 
Terebene  hydrochloride  melts  at  125°  (257°  F.)  when  the  pre- 
cautions previously  described  in  the  case  of  terebenthene  hydro- 
chloride are  taken.  It  is  optically  inactive.  When  washed  with 
cold  water,  it  is  decomposed  with  separation  of  hydrochloric  acid 
and  production  of  a  crystalline  isomeride  of  terebenthene, 
^-camphene ;  by  the  action  of  water  at  100°  (212°  F.),  or  of  an 
alcoholic  solution  of  potassic  hydrate,  it  is  reconverted  into 
liquid  terebene  (Riban).  Terebene  hydrochloride  does  not  fur- 
nish a  dihydrochloride  when  its  ethereal  or  alcoholic  solution 
is  saturated  with  hydrochloric  acid. 

Polymerization  of  Terebene. — Terebene  is  not  altered  by 
heating  to  300°  (572°  F.)  in  sealed  tubes  (Riban),,  but  when  it  is 
mixed  with  concentrated  sulphuric  acid  much  heat  is  evolved,  and 
it  is  converted  into  ditertbene  or  colophene,  C2QHg2,  a  small  quan- 
tity of  cymene  being  produced  at  the  same  time. 

(1272)  Camphenes. — This  name  was  applied  by  Berthelot  to 
a  number  of  solid  terpenes  which  he  obtained  by  the  action  of 
various  reagents  on  the  terpene  hydrochlorides. 

Active  Terecamphene. — Berthelot  first  prepared  this  substance 
by  heating  solid  terebenthene  hydrochloride  with  dry  soap  or  an 
alkaline  stearate.  According  to  Riban  (ibid,  p  ^^'^),  however, 
it  is  best  prepared  by  heating  the  hydrochloride  with  its  own 
weight  of  potassic  hydrate,  and  3  to  4  times  its  weight  of  96  per 
cent,  alcohol,  in  sealed  tubes  for  75  hours.  The  product  is 
rectified,  pressed  to  remove  adhering  oil,  and  then  submitted  to 
fractional  distillation.  It  is  a  white  solid  like  camphor,  which 
melts  at 45^—47°  (i  13°— ii6°6  F.),  and  boils  at  156°  (3i2°-8  F.). 
Its   specific   rotatory  power  varies  with   the   dilution  when   it  is 
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dissolved  in  alcohol,  and  is  [a]  „= —53°*82  — "03081(6),  e  being 
the  weight  of  the  solvent  in  100  parts  of  solution.  It  has  a 
higher  density  in  the  liquid  state  than  either  of  its  liquid  isomerides, 
being  "8378  at  60°  (140°  F.),  whilst  that  of  terebenthene  is  "8270 
(Riban). 

It  combines  with  hydrochloric  acid  to  form  a  crystalline 
hydrochloride,  which,  when  sublimed  in  an  atmosphere  of  hydro- 
chloric acid,  melts  at  145°  (293°  F.).  Its  specific  rotatory  power 
is  of  an  opposite  sign  to  that  of  the  parent  hydrocarbon,  being 
Hd= +30*25-  It  is  decomposed  by  water  at  ordinary  tem- 
peratures, although  less  rapidly  than  terebene  hydrochloride  ;  and 
when  heated  with  50  times  its  weight  of  water  for  90  hours  at 
100  (212°  F.),  it  is  entirel/  resolved  into  hydrochloric  acid  and 
solid  camphene ;  the  rotatory  power  of  the  resulting  camphene  is 
reduced  to  —  b°*5,  however,  owing  to  the  modifying  action  of  the 
hydrochloric  acid. 

a~Inactive  Terecamphene. — This  modification  is  obtained  by 
heating  solid  terebenthene  hydrochloride  with  twice  its  weight  of 
pulverized  fused  potassic  acetate  for  30  hours  to  170°  (338°  F.) 
in  a  long-necked  flask.  The  product  is  a  mixture  of  terebene 
with  the  camphene,  from  which  the  latter  crystallizes  after  washing 
with  alkali  and  water.  Except  in  optical  behaviour,  it  does  not 
in  the  least  differ  from  the  active  terecamphene  above  described 
(Riban,  ibid.  p.  370). 

^-Inactive  Terecamphene. — The  formation  of  this  body  by 
the  action  of  cold  water  on  terebene  hydrochloride  has  already 
been  mentioned ;  it  is  most  readily  obtained,  however,  by  heatiug 
the  hydrochloride,  with  5  times  its  weight  of  sodic  stearate  to 
180°  {^t^^^  ^0  for  30  hours  ;  terebene  is  simultaneously  produced 
in  large  quantity,  but  it  may  be  separated  from  this  by  the  aid  of 
a  refrigerating  mixture.  It  possesses  properties  similar  to  those 
of  the  a-modification,  but  is  apparently  less  stable,  as  it  is  more 
readily  converted  at  the  moment  of  separation  into  terebene 
(Riban).  The  hydrochlorides  of  the  a-  and  /3-  modifications  are 
decomposed  by  water  even  more  readily  than  terebene  hydro- 
chloride, the  camphenes  being  regenerated. 

Borneocamphene. — According  to  Riban,  artificial  borneol, 
,€jQH^y.OH([a]i,= -f-2°-6),  prepared  from  camphor  by  Baubigny's 
process  {ibid.  [4],  xix.  22 1),  is  converted  by  the  action  of 
a  saturated  solution  of  hydrochloric  acid  into  an  inactive  hydro- 
chloride, CjqHjjCI,  which,  like  all  the  camphene  hydrochlorides, 
melts  at  145°  (293°  F.).  This  yields  part  of  its  hydrochloric 
acid  to  cold  water,  and  is  rapidly  decomposed  at  100°  (212°  r.)j 
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although  less  rapidly  than  the  hydrochlorides  of  terebene  and  the 
active  and  inactive  terecamphenes  ;^'  borneocamphene,  which  may 
be  thus  produced^  is  more  conveniently  prepared^  however^  by 
heating  the  hydrochloride  with  an  excess  of  an  alcoholic  solution 
of  potassic  hydrate  to  i8o°  (356°  F.)  for  70  hours.  It  has 
similar  properties  to  the  inactive  camphenes  (ibid.  p.  343). 

(1273)  Terpene  from  Isoprene. — By  heating  isoprene,  C^Hg, 
to  280° — 290°  (536° — 554""  F.)  for  ten  hours  in  sealed  tubes  from 
which  the  air  is  displaced  by  carbonic  anhydride^  Bouchardat 
has  obtained  an  optically  inactive  terpene,  which  boils  at  176  — 
181°  (348°-8— 357°  8  F.)  {Compt.  Rend.,lxxx.  1446).  Its  density 
at  0°  (32°  F.)  is  "866.  It  has  a  strong  lemon-like  odour  resem- 
bling that  of  isoterebenthene,  and  like  it  is  rapidly  oxidized  on 
exposure  to  the  air.  By  the  action  of  hydrochloric  acid  on  the 
ethereal  solution  of  the  hydrocarbon^  a  liquid  product  is  obtained, 
which  is  resolved  by  distillation  under  diminished  pressure  into  a 
liquid  hydrochloride  and  a  crystalline  dihydrochloride ;  the  former 
boils  at  about  145°  (293°  F.)  under  a  pressure  of  10  cm.  of  mer- 
cury, and  the  latter  melts  at  49°*5.  The  resemblance  which  the 
hydrocarbon  from  isoprene  exhibits  to  isoterebenthene  renders  it 
very  probable  that  the  two  are  identical. 

(1274)  English  Turpentine-oil.  Austraterebenthene. — 
Austraterebenthene,  according  to  Berthelot,  is  the  chief  constituent 
of  English  turpentine-oil.  It  has  the  same  specific  gravity  and 
boiling-point  as  terebenthene,  but  its  specific  rotatory  power  is  of 
opposite  sign,  being  [a]  =  +2i°*5.  Austraterebenthene  yields  with 
hydrochloric  acid  a  mixture  of  a  solid  and  a  liquid  hydrochloride ; 
the  specific  rotatory  power  of  the  former  is  [a]  =  +  ii°"j,  but  in 
all  other  respects  it  appears  to  be  identical  with  solid  terebenthene 


*  Riban  has  published  an  interesting  series  of  observations  on  the  decomposition 
of  the  hydrochlorides  of  terebenthene,  terebene,  the  terecamphenes,  and  borneo- 
camphene,  when  heated  with  the  same  weight  ot  water  (25  pts.)  to  100°  (2 1 2°  F.) 
in  sealed  tubes  for  the  same  length  of  time  {Comj)t.  Rend.,  Ixxx.  1330).  In  the 
case  of  terebenthene  hydrochloride,  which  is  decomposed  only  to  a  very  slight 
extent,  the  amount  of  hydrochloric  acid  set  free  represented  as  a  function  of  the 
time  is  expressed  by  a  straight  line ;  but  in,  the  case  of  the  hydrochlorides  of  the 
terecamphenes  and  of  terebene,  which  may  be  almost  totally  decomposed  by 
15  hours'  heating,  the  decomposition  is  represented  by  logarithmic  curves — that 
is  to  say,  the  decomposition  is  at  first  extremely  rapid,  but  after  a  time  takes 
place  slowly.  The  curve  for  borneocamphene  hydrochloride  is  of  precisely  the 
same  character,  but  this  compound  does  not  undergo  decomposition  quite  so 
■  completely.  A  similar  investigation  of  the  hydrochlorides  of  the  austratere- 
benthene series,  and  of  the  hydrochlorides  of  terpenes  from  other  sources  is  much 
to  be  desired. 
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hydrochloride.      The   dihydrochloride   of  austraterebenthene  has 
the  same  properties  as  that  derived  from  terebenthene. 

When  heated  to  250°  (482°  ¥.),  austraterebenthene  is  con- 
verted into  an  isomeric  hydrocarbon,  boiling  at  177°  (35o°-6  F.), 
which  is  perhaps  identical  with  isoterebenthene.  Like  the  latter, 
it  has  an  odour  resembling  lemon-oil,  and  is  more  easily  oxidized 
than  the  parent  hydrocarbon;  its  specific  rotatory  power  is 
[a]  =  — 10  (Berthelot),  that  of  isoterebenthene  being  [a]  = 
—  10*87  (Riban).  By  continued  heating,  a  polymeric  hydrocarbon 
corresponding  to,  if  not  identical  with,  diterebene  is  produced. 

When  submitted  to  the  action  of  sulphuric  acid,  austratere- 
benthene furnishes  an  optically  inactive  hydrocarbon  which 
appears  to  be  identical  with  the  terebene  from  terebenthene. 

Austracamphenes  are  obtained  from  austraterebenthene  hydro- 
chloride in  the  same  way  as  terecamphenes  are  formed  from 
lerebenthene  hydrochloride,  and  resemble  the  terecamphenes  in 
all  their  properties  excepting  their  specific  rotatory  power,  which 
in  the  case  of  austracamphene  is  [a]  =  +22°,  that  of  the  solid 
hydrochloride  of  austracamphene  being  —5°  (Berthelot). 

Austraterebenthene  and  its  derivatives,  however,  have  not  been 
studied  in  the  same  careful  way  as  terebenthene  and  its  deriva- 
tives, and  doubtless  many  of  the  statements  with  regard  to  them 
require  more  or  less  correction. 

(1275)  Substitution  Derivatives  of  the  Terpenes. — 
Scarcely  ianything  is  known  of  the  substitution  derivatives  of  the 
terpenes.  By  the  action  of  the  halogens  additive  compounds  are 
apparently  always  produced,  which  are  extremely  unstable  sub- 
stances, however.  The  action  is  often  extremely  violent :  thus 
when  paper  soaked  in  turpentine-oil  is  introduced  into  a  vessel 
filled  with  chlorine,  the  turpentine  takes  fire ;  bromine  acts  simi- 
larly ;  and  when  a  considerable  quantity  of  iodine  is  suddenly 
brought  in  contact  with  turpentine-oil,  explosion  frequently 
ensues.  The  behaviour  of  the  isomeric  terpenes  dififers  consider- 
ably. When  a  molecule  of  bromine  is  slowly  added  to  the  well 
cooled  terpene,  combination  takes  place  without  evolution  of 
hydrobromic  acid,  although,  on  heating  the  product,  hydrobromic 
acid  is  given  off  freely  ;  in  the  case  of  the  terpene  from  orange- 
peel  oil,  the  resulting  dibromide  after  two  or  three  distillations 
is  resolved  almost  entirely  into  cymene,  CjqH^^,  and  hydrobromic 
acid,  whereas  the  dibromide  of  austraterebenthene  yields  very 
little  cymene,  but  is  mainly  converted  into  a  brominated  terpene. 
Cymene    may    also  be  obtained  from  the   terpenes   by   adding 
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gradually  about  half  their  weight  of  iodine,  then  cohobating  some 
time,  and  afterwards  distilling  (Kekule;  Oppenheim). 

The  action  of  chlorine  on  the  solid  hydrochloride  from  tur- 
pentine-oil is  said  to  give  rise  to  the  formation  of  the  compound 
C^QHjgClg,  which  is  easily  resolved  into  hydrochloric  acid  and 
tetrackioroterpene,  C^pHj^Cl^ ;  the  latter  is  crystalline  and  melts  at 
1 10°— 115°  (230^—239°  F.). 

The  only  well-characterized  substitution-derivatives  are  the 
nitrosoterpenes  recently  obtained  by  Tilden.  When  nitrosyl 
chloride  gas,  NOCl,  is  passed  into  English  turpentine-oil  cooled 
to  —10°  (14°  F.)  the  gas  is  freely  absorbed  and  a  considerable 
quantity  of  a  white  precipitate  is  thrown  down,  the  greater  part 
of  which  disappears,  however,  if  the  temperature  is  allowed  to 
rise.  To  secure  it,  therefore,  it  is  necessary  to  filter  it  off  as 
quickly  as  possible,  and  to  stir  it  up  with  strong  spirit  of  wine  so 
as  to  remove  the  mother  liquor  without  delay.  The  substance 
thus  obtained  forms  a  snow-white  crystalline  powder;  it  has  the 
composition  Cj^H^g  NOCl.  When  this  body  is  submitted  to  the 
action  of  an  alcoholic  solution  of  sodic  hydrate  it  is  converted 
into  an  optically  inactive  nitrosoterpene,  C^qH^^NO,  which  crystal- 
lizes from  alcohol  in  transparent  rhombic  prisms,  and  melts  at  1 29° 
— 130°  (264°*3 — 266°  F.)  (Tilden,  Journ.  Chem.  Soc.  [2],xiii.  514). 
Isomeric  bodies  have  been  obtained  from  the  terpenes  of  orange- 
peel  oil  and  lemon  oil,  but  terebene  does  not  furnish  a  nitroso- 
compound  ;  the  nitrosoterpene  from  orange  oil  crystallizes  in 
rhombic  plates  and  melts  at  71°  (i59°'8  F.j,  whilst  that  from 
lemon  oil  forms  long  prisms  {private  communication). 

(1276)  Compounds  of  the  Terpenes  with  Water. — Terpin, 
CjQHjg(0H)2. — When  turpentine-oil  mixed  with  water  is  allowed 
to  stand,  crystals  are  frequently  deposited,  the  production  of  which 
is  favoured  by  the  presence  of  an  acid.  These  crystals  are  a 
hydrate  of  terpin,  CjQH^glOHjg  +  OH^;  to  prepare  them  in  quan- 
tity, 8  vols,  turpentine-oil  are  mixed  with  2  vols,  nitric  acid  and 
I  to  6  vols,  alcohol,  and  the  mixture  is  frequently  shaken  during 
the  first  few  days,  then  left  to  itself  in  shallow  vessels  for  several 
weeks.  The  crystals  which  form  are  pressed,  and  purified  by 
crystallization  from  boiling  water,  with  addition  of  animal  char- 
coal. Terpin  hydrate,  CioHig(OH)2  +  OH2,  as  thus  prepared, 
crystallizes  in  large  rhombic  prisms;  when  heated  to  100° 
(212°  F.),  it  melts  and  is  converted  into  terpin,  CjQHjg(0H)2.  The 
same  change  takes  place  when  the  crystals  are  exposed  over 
sulphuric  acid.  Terpin  melts  at  103°  (2i7°*4  F.),  and  crystallizes 
on  cooling;  it  sublimes  at  about  150°  (302°  F.)  in  slender  needles. 
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Terpentine  hydrate,  CjqH-^^(OH). — This  compound  is  sometimes 
obtained  in  the  preparation  of  terpin  hydrate  from  turpentine-oil 
either  together  with  it,  or  forming  the  only  product.  It  is  a 
liquid  boiling  at  200° — 220°  (392°— 428°  F.). 

Similar  hydrates  have  been  obtained  from  terpenes  from  other 
sources  than  the  turpentine-oils ;  it  does  not  appear,,  however,  that 
all  terpenes  are  capable  of  yielding  them. 

(1277)  Behaviour  of  the  Terpenes  on  Oxidation. — Refe- 
rence has  already  been  made  to  the  fact  that  turpentine-oil,  and, 
indeed,  the  terpenes  generally,  absorb  oxygen  on  exposure  to  the 
air,  becoming  thicker  and  ultimately  resinous;  in  this  gradual 
oxidation  small  quantities  of  acetic,  formic,  and  carbonic  acids 
are  produced.  It  is  also  generally  supposed  that  part  of  the 
atmospheric  oxygen  is  converted  into  ozone,  and  that  turpentine- 
oil  after  prolonged  exposure  to  the  air  always  contains  ozone  in 
solution.  In  a  recent  paper,  however  [Journ,  Chem.  Soc.  [2], 
xii.  511;  xiii.  210),  Kingzett  altogether  disputes  the  formation 
of  ozone  under  these  circumstances.  According  to  his  experiments, 
neither  ozone  nor  hydric  peroxide  is  produced, but  a  small  amount  of 
a  s\ibstance  is  formed  which  he  regards  as  a  camphoric  peroxide, 
CjoHj^O^ ;  and  he  believes  that  when  the  oxidized  oil  is  shaken  with 
water,  this  peroxide  is  converted  into  hydric  peroxide  and  an  acid 
having  the  composition  of  camphoric  acid.  If  the  oxidation  occur 
in  presence  of  water,  which,  however,  is  by  no  means  essential  to  the 
change,  this  acid  and  hydric  peroxide  are  found  in  the  aqueous  solu- 
tion at  the  close  of  the  experiment.  Kingzett  finds  that  hydric 
peroxide  is  also  developed  in  the  oxidation  of  the  terpenes  from 
orange-peel,  nutmeg,  and  wormwood  oils  under  similar  circum- 
stances (Chem.  News,  vol.  xxxii.  p.  138). 

According  to  Sobrero  {Ann.  Chem.  Pharm.,  1851,  Ixxx.  106), 
when  turpentine-oil  containing  water  is  exposed  for  some  time  to 
the  sun's  rays  in  a  large  flask  filled  with  oxygen,  stellate  groups 
of  crystals  are  deposited  on  the  sides  of  the  vessel,  which  have  the 
composition  C^^H^gOg^Cj^^H^g-f  O  +  OHg. 

Berthelot  has  shown  that  by  the  atmospheric  oxidation  of  the 
camphenes  from  tercbenthene  and  austraterebenthene  in  contact 
with  platinum- black,  or  by  the  action  of  chromic  acid  or  potassic 
permanganate,  substances  of  the  same  composition  as  ordinary 
camphor,  C^^^H^gO,  are  formed,  but  the  quantity  obtained  was  too 
small  to  enable  him  to  decide  whether  the  products  were  identical 
or  isomeric  with  camphor.  Riban,  however,  has  recently  suc- 
ceeded in  obtaining  considerable  quantities  of  a  camphor  by 
oxidizing  the    Isevorotatory  camphene   from  tercbenthene  (1272) 
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with  potassic  dichromate  and  sulphuric  acid  mixture  (Ann.  Ch. 
Phys.  [5],  vi.  386).  The  product  resembles  ordinary  camphor  in 
appearance,  and  melts  at  172°  (34i°*6  F.),  but  it  exerts  a  Isevoro- 
tatory  action  on  polarized  light ;  [a]„=  — 13°7. 

According  to  Hempel  (Deut.  chem.  Ges.  Ber.,  viii.  357),  when 
turpentine-oil  is  oxidized  with  potassic  dichromate  and  sulphuric 
acid  it  is  converted  into  monobasic  terpeny/ic  acid,  C^Hj^O^. 

Concentrated  nitric  acid  acts  very  violently  on  turpentine-oil, 
often  setting  it  on  fire.  When  the  oil  is  heated  with  moderately 
strong  nitric  acid,  resinous  substances  of  unknown  composition 
are  produced,  which  on  continued  heating  gradually  dissolve,  and 
finally  terebic  acid,  CrjU^fi^,  is  obtained,  together  with  terephthalic 
acid,  CgH^CCOOH}^,  and  paratoluic  acid,  C^l{^(CU^)  (COOH) 
(Williams,  loc.  cit.  vi.  1094;  Hempel,  viii.  20).  Berthelot  states 
that  when  turpentine-oil  is  oxidized  with  potassic  permanganate,  a 
resinous  acid,  easily  soluble  in  water,  is  produced. 

The  behaviour  of  other  terpenes  on  oxidation  has  been  but  little 
studied.  From  Wright's  observations  it  appears  that  the  hydro- 
carbons from  nutmeg  and  orange  peel  oils,  when  oxidized  with 
potassic  dichromate  and  sulphuric  acid,  furnish  small  quantilies 
of  compounds  of  the  formula  C^oH^gO,  together  with  acetic,  formic, 
and  carbonic  acids,  whilst  hesperidene  from  orange-peel,  when 
treated  with  nitric  acid,  gives  a  resinous  substance,  together  with 
an  acid  of  the  formula  C^pH^gOj^  {hesperisic  acid),  but  no  toluic 
or  terephthalic  acid.  Myristicene  from  nutmeg-oil  also  furnishes 
a  resin  and  an  acid  of  the  formula  CggHggOjg  (myristisic  acid) 
(Journ.  Chem.  Soc.  [2],  xi.  549). 

(1278)  Teupenes  from  other  Sources. — It  has  already  been 
pointed  out  that  a  large  number  of  the  oils  derived  from  various 
plants  contain  terpenes,  so  that  it  will  be  convenient  to  give  a 
short  description  here  of  the  better  known  of  these. 

The  production  of  the  '^  essential-oils''  containing  terpenes  is 
not  limited  to  any  particular  portion  of  the  vegetable  organism. 
In  some  natural  families,  the  Umhelliferce  for  instance,  the  oil  is 
most  abundantly  contained  in  the  seeds.  The  Aurantiacece  yield 
two  difierent  kinds  of  oil,  one  of  which  is  obtained  from  the 
flower,  the  other  from  the  rind  of  the  fruit.  In  the  Myrtacece 
and  Labiates  it  exists  in  the  leaves,  whilst  the  Rosacea  contain 
it  only  in  the  petals  of  the  flower. 

The  oils  exist  ready  formed  in  the  plant,  enclosed  frequently 
in  special  oil-cells,  which  are  often  visible  to  the  naked  eye,  as  in 
the  leaves  of  the  Myrtacece  and  the  peel  of  the  AuranHacece, 

The  oils  of  lemon  and  orange  are  extracted  by  simple  pressure 
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from  the  rind  of  the  fruit;  but  the  general  process  of  extraction 
consists  in  placing  appropriate  portions  of  the  plant  in  a  still  with 
water,  and  applying  heat.  In  order  to  prevent  the  materials  from 
being  over-heated  by  resting  against  the  sides  of  the  still,  which 
would  give  to  the  distillate  a  disagreeable  odour  and  often  spoil 
the  product  for  perfumers'  purposes,  it  is  customary  to  suspend 
them  in  a  net  or  on  a  perforated  metallic  vessel  in  the  upper  part  of 
the  still.  A  better  method  of  obtaining  the  oil  is  to  allow  steam 
to  pass  over  the  plant,  and  to  condense  the  vapour  afterwards  in 
the  usual  way.  The  presence  of  steam  favours  the  volatilization 
of  the  oils  at  a  comparatively  low  temperature,  for  it  mechanically 
carries  over  the  vapour ;  the  distillate  is  at  first  milky,  but  the 
greater  portion  of  the  oil  separates  on  standing.  The  water  which 
is  condensed  in  the  receiver  along  with  the  oil  acquires  its  odour 
and  taste ;  such  waters  constitute  the  fragrant  distilled  waters  of 
the  apothecary. 

Terpenes  teom  the  Conifers. — In  addition  to  French  and  EugHsh  tur- 
pentine, several  other  varieties  are  known,  derived  from  coniferous  plants.  They 
are  as  follows  : — 

Venetian  or  Larch  Turpentine. — This  is  obtained  from  Pinus  Larix  L. 
{Larix  Europcea),  and  is  chiefly  collected  in  the  Tyrol.  It  is  a  thick  honey- 
like fluid,  and  contains  about  15  per  cent,  of  a  terpene  which  boils  at  about 
157°  (3i4°'6  F.) ;  this  terpene  exhibits  a  feeble  laevorotatory  action,  and  readily 
furnishes  a  crystalline  hydrochloride  (Hanbury  and  Fliickiger). 

Sirashurg  Turpentine. — The  Pinus  Picea  L.  {Abies  pectinata)  or  Silver 
Fir,  which  grows  in  the  mountainous  parts  of  Middle  and  Southern  Europe, 
appears  to  furnish  two  terpenes.  The  turpentine  extracted  from  the  stem  yields 
a  terpene  which  boils  at  163°  (325°  4  F  ),  and  exhibits  feeble  laevorotatory 
action ;  but  the  terpene  distilled  from  the  cones  of  the  same  tree  exhibits  a  very 
powerful  laevorotatory  action  (Hanbury  and  Fliickiger). 

Canada  Balsam. — This  turpentine  is  extracted  from  the  Pinus  Balsamea, 
or  Balsam,  or  Balm  of  Gilead  Fir,  which  grows  in  profusion  in  the  northern  and 
western  portion  of  the  United  States  of  America,  in  Nova  Scotia,  and  in  Canada. 
The  greater  part  of  the  terpene  which  it  furnishes  on  distillation  with  water  boils 
at  about  167°  (32  2°'6  F.;,  and  exhibits  feeble  laevorotatory  action  (Hanbury  and 
Fliickiger). 

The  resins,  which  are  the  main  constituents  of  all  the  varieties  of  turpentine, 
have  been  very  inefficiently  studied,  excepting  that  derived  from  American 
turpentine.  Ordinary  resin,  or  colophony,  from  American  turpentine,  and  the 
resins  of  Pinus  Abies  and  Pinus  Larix  consist  (according  to  Maly)  of  the  so-called 
Ahietic  anhydride,  C^^Hg^O^.  This  substance,  or  closely  related  bodies,  appears 
also  to  be  contained  in  the  resins  of  other  conifers.  Hanbury  and  Fliickiger 
consider  that  the  resin  of  Canada  balsam  is  a  mixture  of  two  bodies,  since  they 
found  that  only  about  78  per  cent,  of  a  specimen  which  they  examined  was 
soluble  in  boiling  alcohol,  whilst  ordinary  colophonium  dissolves  entirely;  the  re- 
mainder was  an  amorphous  mass  readily  soluble  in  ether.  When  colophony  is 
boiled  with  alkaline  solutions,  greasy  salts  of  ahietic  acid  are  formed,  the  so-called 
resin  soaps. 

Oil  of  Juniper.      Oil  of  Savine. — Juniper  {Jimiperus  communis)  berries 
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furnish,  on  distillation  with  water,  a  small  amount  of  an  oil,  which  is  a  mixture 
of  a  terpene  boiling  at  155°  (311°  F.)  with  a  second  hj'drocarbon  of  the  formula 
C^jH,^.  Both  are  laevorotatory.  The  allied  conifer,  Juniperus  Sabina,  yields  a 
dextrorotatory  terpene  (Hanbury  and  Fliickiger). 

Terpenes  from  Aurantiace^. — Oil  of  orange-peel,  which  is  extracted  from 
the  rind  of  the  scarcely  ripe  fruit  of  the  Sweet  or  Portugal  Orange,  consists  to 
the  extent  of  fully  95  per  cent,  of  a  terpene,  called  by  Gladstone  hesperidene, 
and  of  an  oxygenated  oil  of  the  composition  Cj^jH^gO.  The  corrected  boiling- 
point  of  pure  hesperidene  is  178°  (352*''4  F.);  the  oxygenated  oil  is  contained 
in  the  portion  boiling  at  210° — 230°  (410*' — 446°  F.),  but  it  is  gradually 
polymerized  by  heating,  and  converted  into  a  resin  which  cannot  he  distilled 
(Wright,  Journ.  Chem.  Soc.  [2],  xi.  549).  Hesperidene  exhibits  a  powerful 
dextrorotatory  action,  and  when  saturated  with  hydrochloric  acid,  is  converted 
into  a  crystalline  dihydrochloride. 

Oil  of  Lemons. — This  oil,  which  is  also  obtained  from  the  rind  of  the  unripe 
fruit,  appears  to  consist  chiefly  of  a  mixture  of  two  dextrorotatory  terpenes, 
together  with  a  small  proportion  of  an  oxygenated  oil  not  yet  examined.  The 
crude  terpene  boils  at  170° — 180°  (338° — 356°  F.),  and  has  a  powerful  dextro- 
rotatory action  ;  it  readily  furnishes  a  crystalline  dihydrochloride,  and  a  crystalline 
hydrate  similar  to  that  of  terebenthene. 

Oil  of  Bergamot. — This  oil  is  obtained  from  the  full  grown,  but  still 
unripe  and  more  or  less  green  fruits  of  the  Citrus  Bergamia,  which  is 
cultivated  at  Reggio,  in  Calabria.  It  is  dextrorotatory  and  boils  at  from 
183° — 195°  {36i°'4 — 383°  F.).  It  appears  to  be  a  mixture  of  one  or  more 
terpenes  with  a  solid  substance,  the  composition  of  which  has  not  been  satis- 
factorily ascertained.  The  oil  readily  furnishes  a  crystalline  hydrate  on 
treatment  with  nitric  acid  and  water. 

Oil  of  Neroli  is  the  oil  prepared  by  distilling  the  fresh  flowers  of  the 
Bigarade  or  Bitter  Orange  with  water,  and  is  manufactured  chiefly  in  the  South 
of  France.  Like  oil  of  bergamot,  it  exhibits  a  slight  dextrorotatory  action ; 
and  consists  apparently  of  a  terpene  or  terpenes  and  a  solid  oxygenated 
substance.  On  distillation,  the  greater  part  passes  over  at  185° — 195° 
(365 -383°  F.). 

Oil  of  Petit  Grain  is  produced  by  the  distillation  of  the  leaves  and  shoots 
either  of  the  Bigarade  or  Bitter  Orange,  or  of  the  Portugal  or  Sweet  Orange ; 
it  consists  of  a  dextrorotatory  terpene  boiling  at  about  173°  (343°'4  F.),  and 
an  oxygenated  oil. 

Terpenes  from  Myristice^. — Oil  of  Nutmeg  has  been  recently  examined 
by  Wright  {loc.  cit.),  who  finds  that  it  consists  chiefly  of  a  terpene  boiling  at 
about  164°  (32  7'''2  F.) ;  together  with  an  isomeric  terpene  boiling  at  about 
176°  (348°'8  F.)  ;  cymene,  CjqHj^  ;  and  an  oxygenated  oil,  myristicolf 
Cj^HjgO,  which  boils  at  212°— 218°  (413°  6 — 424°-4  F.),  but  is  converted  by 
repeated  distillation  into  resinous  non-volatile  po]3^merides.  Neither  of  the 
terpenes  were  obtained  free  from  cymene,  however;  and  it  is  therefore  improbable 
that  the  boiling-points  above  given  are  those  of  the  pure  terpenes ;  at  least  in 
the  case  of  that  contained  in  the  164°  fraction,  the  true  boiling-point  is  probably 
lower.     The  nutmeg  terpenes  are  dextrorotatory. 

Oil  of  Mace. — The  nutmeg  is  enclosed  when  fresh  in  a  fleshy  net-like 
envelope,  somewhat  resembling  the  husk  of  a  filbert,  which  when  separated  and 
dried  constitutes  the  mace  of  commerce.  Mace  oil  is  said  to  consist  chiefly  of  a 
terpene  boiling  at  about  160°  (320°  F.),  together  with  an  oxygenated  oil, 

Terpenes  from  LAURACEiE. — Camphor-oil.  Borneene. — Camphor-oil  is  the 
oil  which  drains  out  of  the  crude  camphor  extracted  from  the  Laurus  Camphora. 
Wright  found  a  specimen  he  examined  to  consist  chiefly  of  camphor  dissolved  in 
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a  terpene  boiling  at  about  170°  (338°  F.);  it  appears  also  to  contain  oxygenated 
oils  of  the  composition  C^fi^fi  and  C^^H^gO. 

Bornean  or  Suraatran  Camphor  oil,  which  is  obtained  by  tapping  the 
Dryohalanops  Camphor  a,  also  chiefly  consists  of  a  terpene  {horneene),  boilin^'  at 
about  165°  (329°  F.),  holding  in  solution  borneol  and  resin. 

By  distilling  Bornpol  or  Borneo  Camphor,  C^^^H^gO,  with  phosphoric 
anhydride,  a  terpene  also  known  as  borneene  is  obtained,  which  boils  at 
i73-i78°(343°'4-352°-4F.). 

Oils  of  Cinnamon  and  Cassia. — The  former  of  these  oils  is  obtained  from 
the  bark  of  Ceylon  cinnamon  {Cinnamomum  Zeylanicum),  the  latter  from 
Chinese  cinnamon.  Both  consist  essentially  of  cinnamic  aldehyde,  C^IigO, 
together  with  a  variable  proportion  of  hydrocarbons,  probably  terpenes.  The  oil 
obtained  in  Ceylon  by  distilling  cinnamon  leaves  consists  according  to  Stenhouse 
of  a  terpene,  boiling  at  160° — 165°  (320° — 329°  F.),  and   eugenol,  Q^Jl^jd^, 

orC.H,(C,H.){OH^^ 

Sassafras  oil. — This  oil  is  distilled  from  the  wood  of  the  roots  and  the  root- 
bark  of  Sassafras  officinale,  a  tree  growing  in  North  America.  It  contains 
about  y^Q  ths  of  its  weight  of  safrol,  C^o^io^2'  ^"^^  ^^^^  ^  dextrorotatory  terpene 
boiling  at  about  156°  (3i2°'8  F.).  A  very  small  quantity  of  a  substance 
soluble  in  alkali  (?  a  phenol)  is  likewise  present  (Rouette  and  Grirnaux,  Compt. 
Itend,,\s.v\\.  928).  Safrol  is  a  colourless  oil  boiling  at  230° — 233°  (446° — 
45i°*4  F.),  which  it  is  said  does  not  solidify  at  —  20°  (  —  4°  F.) ;  it  is  converted 
by  bromine  into  a  crystalline  pentabromo-derivative,  C^^jH^BrgO.^.  The  attempts 
t-o  ascertain  the  constitution  of  safrol  have  been  hitherto  unsuccessful,  as  it  is 
resinized  by  the  action  of  all  ordinary  reagents,  and  even  melting  potassic  hy- 
drate attacks  it  with  difficulty ;  it  appears  probable,  however,  that  it  is  re- 
lated to  eugenol,  since  it  differs  very  little  from  it  in  composition,  and  both 
occur  in  plants  of  the  same  order.  Oil  of  sassafras  is  also  said  to  deposit 
crystals  of  sassafras  camphor,  C^^Hj^jO^,  when  cooled  in  a  refrigerating  mixture. 

Oil  of  Bay. — According  to  Gladstone,  the  oil  from  the  berrie«  of  Laurus 
nohilis  is  a  mixture  of  a  laevorotatory  terpene,  boiling  at  171°  (339°"8  F.),  and 
eugenol. 

Terpenes  feom  Umbkllifer^. — Oil  of  Caraway,  distilled  from  the 
seeds  of  Carum  Carvi,  consists,  to  the  extent  of  about  one-third,  of  a  dextro- 
rotatory terpene  [carvene),  boiling  at  173°  (343°"4  F.),  and  of  carvol,  C^^H^^O. 

Oil  of  Dill,  from  the  seed  of  Anethum  graveolens,  also  consists  of  a 
dextrorotatory  terpene,  boiling  at  173°  (343°*4  F,),  and  an  oxygenated  oil 
regarded  by  Gladstone  as  identical  with  carvol. 

Oil  of  Anise,  from  the  seed  of  Pimpinella  Anisum,  consists  almost  wholly 

{OCTT 
p  -jj  ^     The  terpene,  which  is   only  present  in 

small  quantity,  has  not  been  examined. 

Oil  of  Fennel,  from  the  seeds  of  Anethum  Foeniculum,  also  contains  a  large 
quantity  of  anethol,  but  is  usually  richer  in  terpene  than  anise  oil.  The  terpene 
is  dextrorotatory. 

Oil  of  Cumin,  distilled  from  the  seeds  of  Cuminum  Cyminum,  consists 
chiefly  of  cumic  aldehyde,  Cj^H^^O,  and  cymene,  C^^^H^^ ;  but  it  also  contains  a 
terpene  which  when  pure  boils  at  about  165°  (329°  F.)  (Beilstein  and  Kupfer, 
Ann.  Chem.  Pharm.,  clxx.  284).  According  to  Trapp  {ihid.  cviii.  386),  the 
oil  from  the  seeds  of  the  Water  Hemlock  {Cicuta  virosa)  has  the  same  com- 
position as  cumin  oil. 

Oil  of  Coriander,  from  the  seeds  of  Coriandrum  sativum,  is  said  to  consist 
of  an  oxygenated  oil  of  the  composition  C^^H^jO. 
3  R 
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Oil  of  Galbanum.-1h.  oil  which  is  separated  from  Galbannm  min  by 
distillation  with  water  consists  of  a  dextrorotatory  terpene,  boiling  at  160  -165 
/^o"— «q°  F.).     It  yields  a  crystalline  hydrochloride,  ,  p,     i  ,• 

rrct~f  %i'^.H.A  'n^a  U.  0..H..,  but  also  appears  to  eon- 

'^'"thXhs  .kom  X.butx.-0,7  of  Tkyme,  distilled  from  the  T.,«« 
«„  Jw»  the  common  garden  thyme,  has  nearly  the  same  composition  as  oil  of 
S:::  insisting  cWelyof  thymol  and  cymene,  together  with  a  la=vorotatory 
t^rnene  WvOTCTje),  boilingat  i6o°— 165    (320—329    i.). 

%«  /%«™i«*.-The  oil  extracted  from  the  il/«aa  .mfo.^or  ordinary 
garden  mintfcontoins  a  dextrorotatory  terpene  boiling  at  f  °"V^°  ,^'°/t 
Ld  an  oxygenated  oil,  menthol,  C,H„0,  which,  accordmg  to  Glaastone,  is 
isomeric  with  tliymol,  carvol,  and  mynsticol. 

0  o/pW«-««*--The  essential  oil  of  Mentha  m^aa  appears  to  con- 
sist  of  aferpeffand  oxygenated  compounds,  but  it  has  not  been  satisfactorily 
xamined.  When  exposed  to  a  low  temperature,  it  sometimes  deposit,  crystak  of 
pTppermM  campiol,  C,.H,.0,  also  known  as  mentM.  Chinese  oil  of  pep- 
pe S,  distilledi  C^ntm,  from  a  plant  which  appears  to  be  Mentha  arrensu 
Z    Javanioa,  contains  a  considerable  amount  of  menthol  and  a  liquid  iso- 

"""oii  of  lavender,  from  Lavandula  vera,  the  common  lavender,  and  oil  of 
Spike,  distilled  in  the  south  of  France,  from  Lavandula  sptca.  have  not  been 
pLery  examined;  they  contain  hydrocarbons  and  oxygenated  compounds  A 
Sd  substance  is  sometimes  deposited  from  oil  of  lavender  in  cold  weather,  which 
is  said  to  be  identical  with  common  camphor.  ..it      i.  ii„ 

OUofBo.ema,y.  from  Bosmarinus  officinal^s,  consists  almost  wholly, 
according  to  Gladstone,  of  a  feebly  dextrorotatory  terpene  boiling  a  about  163 
t325°-4  F.);  according  to  Lallemand,  it  is  resolved  by  d.stillatmn  in  o  . 
Lorofatory  terpene  and  an  oxygenated  portion,  boilmg  at  200  -2.0  (392  - 
4ro°  F),  which  deposits  at  a  low  temperature  a  large  q^anti  y  of  camphor  re- 
sembling common  camphor  in  all  respects,  excepting  that  it  has  less  dextro- 

'"'XlpZIfion.the  Oil  of  Eucalyptus  G^oW^.-According  to  Faust  and 

Homeye^r  (oLt.  chem.  Ges.  Ber..  vii.  1429).  ''^"'J,*  "'"t^  t,°  F^  with 
consists  of  a  mixture  of  a  terpene  boiling  at  I72;-I75°  (34  '^-347  J-  '"'t"^ 
cymene,  in  the  proportion  of  about  two  parts  of  the  former  to  one  ot  the  latter 

he   regaining  Vtion  consisting  of  an  j-™- " '"'P;"''- y'^'t^o™'^' ^^ 
151°  (sos'-SF.),  and  an  oxygenated  oil  boiling  at  about  217    (422   6  F.),  which 

probably  has  the  composition  C„Hj,0.  ,       ,  ,  •„„j   i,„  „„„=„Hinff 

^  Further  particulars  as  to  the  essential  oils  may  be  obtained  by  conso  mg 
Hanbury  and  Fliickiger's  Fharmacographa  (London  1874),  Gmel.ns 
Chemist^ry  (vol.  xiv.);  and  the  original  papers  of  Gladstone  (J««  Cheu. 
Soc.i2\ii.  I.;  XXV.  I),  and  Wright  ^iW.  xxvi.  549.  686 ;  xxvi,.3i7,  620). 

It  will  be  evident,  from  what  has  just  been  stated  that  our  knowledge  of  the 
terpenes  which  are  present  in  the  various  essential  oils  is  extremely  imperfect ;  m 
Sit  cannot  be  sJd  that  anyone  of  the  terpenes,  witi,  the  exception  ol  tereben- 
thene  has  been  separated  in  a  state  of  purity,  and  examined  in  such  a  way  a,  0 
horou'hly  establish  its  nature.  This  is  mainly  owing  to  the  grea  difficulty 
of  separating  them  from  tiie  substances  with  which  they  are  associated  in  the 

""  But  etn  with  our  present  imperfect  knowledge,  it  is  evident  that  there  is  a 
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close  relationship  between  the  terpenes  furnished  by  plants  of  the  same  order, 
and  it  is  not  unlikely  that  many  will  be  found  identical.  Thus  the  Auraiuiacece 
furnish  hydrocarbons  with  high  boiling  points  (about  175°),  which  readily  com- 
bine with  hydrochloric  acid,  forming  c?*hydrochlorides,  and  therefore  resembling 
isoterebenthene  (1270);  the  terpenes  from  the  Lauracece,  on  the  other  hand, 
boil  uniformly  at  much  lower  temperatures  (about  160°),  and  appear  rather  to 
resemble  terebenthene  (1267). 

It  is  therefore  a  matter  of  the  utmost  importance  that  the  terpenes  from  a 
number  of  plants  of  the  same  order  should  be  carefully  comparatively  studied, 
their  physical  properties  determined,  and  their  compounds  with  hydrochloric 
acid,  (fee,  investigated  in  somewhat  the  same  manner  that  terebenthene  has  re- 
cently been  examined  by  Riban.  It  is  difficult  to  over  estimate  the  value  of  such 
an  investigation  of  the  terpenes,  and  of  the  essential  oils  yielding  them,  regarded 
as  a  contribution  to  the  chemistry  of  plant  life. 


(1279)  Caoutchouc  ob  Indian  eubber  :  (CgHg)^ — This  substance  and 
Gutta  Percha  may  be  appropriately  described  here,  since  both  are  in  a  measure 
related  to  the  terpenes.  Caoutchouc  occurs  in  small  quantities  in  the  juices  of 
many  plants,  particularly  of  the  Uriicacece,  EuphorhiacecB,  and  Ajpocynaceie . 
Its  chief  source,  however,  is  the  spontaneously  solidified  milky  juice  of  the 
HcBvisa  elastica,  Jatropha  elastica,  and  some  other  tropical  plants.  As  first 
procured  by  incisions  into  the  stem  of  the  plant,  it  appears  as  a  yellowish  milky 
fluid  which,  in  addition  to  caoutchouc,  contains  albumin  ;  the  albumin  causes 
the  juice  on  being  boiled  to  coagulate.  When  the  fresh  juice  is  expot*ed  to  the 
air  in  thin  films,  it  speedily  dries,  and  hardens  into  elastic  layers  of  brownish- 
yellow  caoutchouc.  The  caoutchouc  is  not  dissolved  in  the  juice,  but  is  merely 
suspended  in  it,  and  when  the  liquid  is  diluted  with  water  it  rises  to  the  surface 
like  cream  ;  when  once  it  has  become  coherent  it  cannot  again  be  diffused  through 
water.  In  its  solid  condition  it  is  extremely  elastic,  especially  when  warm.  Its 
specific  gravity  varies  from  "92  to  '96.  Alchough  insoluble  in  water,  it  softens 
considerably  in  this  liquid  at  the  boiling  temperature,  and  is  thereby  rendered 
more  easily  acted  upon  by  solvents.  Caoutchouc  may  be  preserved  unaltered  for 
an  indefinite  time  if  excluded  from  the  light,  but  if  exposed  to  the  air  for  a  hvf 
months  in  diffused  daylight,  it  gradually  absorbs  oxygen  and  becomes  converted 
into  a  viscid  mass  which  has  lost  its  elasticity,  and  is  soluble  in  alcohol  (W.  A. 
Miller  on  Electric  Cables,  Jowrw.  Chem.  80c. ,  1865,  273).  Alkaline  solutions 
are  without  effect  upon  caoutchouc.  Even  chlorine  attacks  it  very  slowly ; 
whilst  concentrated  sulphuric  acid  decomposes  it  slowly,  concentrated  nitric  acid  acts 
rapidly,  when  dilute,  however,  these  acids  are  entirely  inert.  Commeiciil  caoutchouc, 
from  the  mode  of  its  preparation,  necessarily  retains  the  albumin  and  other  con- 
stituents of  the  juice,  but  pure  caoutchouc  consists  wholly  of  carbon  and  hydrogen 
in  the  proportions  corresponding  with  the  empirical  formula,  C^Hg  (Faraday). 
This  substance,  however,  is  chiefly  a  mixture  of  two  bodies,  one  much  more 
soluble  in  ether,  benzene,  and  similar  liquids  than  the  other  (Payer). 

Caoutchouc  is  insoluble  in  alcohol,  but  in  contact  with  ether,  chloroform, 
carbonic  bisulphide,  coal  naphtha,  or  rectified  oil  of  turpentine,  it  first  swells 
up  very  considerably,  and  eventually  forms  a  ropy  liquid,  which  on  evaporation 
leaves  the  caoutchouc  with  its  original  elasticity.  This  property  is  turned  to 
account  in  the  manufacrture  of  various  waterproof  or  "  Macintosh "  articles. 
The  liquid  thus  formed  is  not  a  true  solution,  but  a  mixture  caused  by  the  inter- 
position of  the  dissolved  portion  between  the  pores  of  the  insoluble  substance 
which  is  considerably  swelled  up,  and  has  thus  become  easy  to  disintegrate.  By 
employmg  a  sufficient   quantity  of  these    solvents,  renewed  from  time  to  time 
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without  agitation  so  as  not  to  break  the  tumefied  portion,  the  caoutchouc  may  be 
completely  separated  into  two  parts — viz.,  a  substance  perfectly  soluble,  ductile, 
and  adhering  strongly  to  the  surface  of  bodies  to  which  it  is  applied ;  and 
another  substance,  elastic,  tenacious,  and  sparingly  soluble.  Caoutchouc  is  also 
dissolved  by  the  fixed  oils,  but  its  elasticity  is  thereby  destroyed.  Waterproof 
cloth  is  prepared  by  varnishing  one  surface  of  a  fabric  constructed  for  the 
purpose,  with  a  solution  of  caoutchouc,  then  bringing  it  into  contact  with  a 
second  sheet  similarly  prepared,  and  passing  the  two  together  between  rollers. 
The  freshly  cut  edges  or  surfaces  of  a  piece  of  caoutchouc  cohere  readily  ;  this 
property,  with  its  pliancy  and  elasticity,  together  with  its  power  of  resisting 
most  chemical  agents,  render  it  invaluable  in  the  laboratory  for  forming  the 
flexible  tubes  and  joints  used  in  connecting  apparatus  in  a  secure  and  air-tight 
manner.  Caoutchouc  melts  at  a  heat  of  about  125°  (257°  F.)  ;  after  it  has  been 
melted  it  does  not  solidify  on  cooling,  but  forms  a  sticky  mass  which  does  not 
become  solid  even  when  exposed  to  the  air  for  months.  Owing  to  this  property 
it  furnishes  a  valuable  material  for  the  lubrication  of  stopcocks  and  joints 
intended  to  remain  moveable  yet  air-tight.  If  caoutchouc  be  heated  strongly  in 
the  open  air  it  takes  fire,  and  burns  with  a  bright  luminous  flame. 

If  distilled  in  closed  vessels,  caoutchouc  furnishes  a  mixture  of  several 
hydrocarbons,  amongst  which  are  isoprene,  C^Hg  (1254)  ;  a  ierpene  boiling  at 
about  170°  (338°  F,),  which  Himly  terms  caoutchin;  and  a  hydrocarbon  boiling 
at  about  315°  (599°  F.),  heveene,  which  probably  has  the  composition  C^^Hg.,. 
The  nature  of  the  remaining  products  is  not  satisfactorily  established,  but  from 
the  composition  of  these  several  hydrocarbons  it  appears  that  the  decomposition 
of  caoutchouc  by  heat  is  merely  the  resolution  of  a  complex  h3^drocarbon  into 
simpler  polymeric  hydrocarbons. 

(1280)  A  highly  valuable  modification  of  caoutchouc,  discovered  by  Goodyear, 
is  known  in  the  arts  under  the  name  of  vulcanized  Indian  rubber,  which  from 
its  almost  perfect  elasticity  at  all  temperatures  below  that  of  115°  (239°  F.) 
admits  of  a  variety  of  useful  applications.  The  cut  edges  of  this  form  of  caout- 
chouc do  not  cohere  by  pressure,  and  it  does  not  become  adhesive  to  other  bodies 
at  a  temperature  below  100°  (212°  F.).  Caoutchouc  when  immersed  in  the  form 
of  sheet  in  melted  sulphur  at  125°  (257°  F.),  gradually  imbibes  from  12  to 
15  per  cent,  of  its  weight  of  sulphur,  but  it  does  not  at  this  temperature  experi- 
ence any  change  in  its  physical  or  chemical  properties.  If,  however,  such 
sulphurized  rubber  be  heated  for  a  few  minutes  to  about  150°  (302°  F.),  the 
peculiar  elastic  modification  is  produced,  and  if  the  temperature  be  allowed  to 
rise  much  higher  than  this,  the  mass  becomes  black,  hard,  and  horny,  and  is 
changed  into  vulcanite  or  ebonite,  which  may  be  applied  to  many  of  the  purposes 
for  which  horn  is  fitted.  At  a  temperature  a  few  degrees  beyond  that  necessary 
to  the  production  of  vulcanite  the  mass  is  converted  into  a  hard  brittle  substance, 
which  at  a  higher  temperature  undergoes  carbonization  and  decomposition. 
Ebonite  is  largely  prepared  for  the  manufacture  of  combs,  and  articles  such  as 
were  formerly  made  of  papier-mache,  the  proportions  used  being  2  parts  of 
caoutchouc  to  i  of  sulphur.  Exposure  for  some  hours  to  a  heat  of  from  150*' 
to  180°  (302"^  to  356°  F.)  efiects  the  conversion.  Ebonite,  or  vulcanite,  is  one 
of  the  best  insulators  of  electricity  that  is  known,  and  becomes  powerfully 
negatively  electric  when  excited  by  friction.  The  elastic  vulcanized  caoutchouc 
appears  to  consist  of  a  combination  of  the  original  substance  with  2  or  3  per 
cent,  of  its  weight  of  sulphur.  The  excess  of  sulphur  which  is  usually  present 
is  only  mechanically  distributed  through  the  mass,  and  may  be  removed  by  the 
use  of  solvents,  such  as  benzene  or  sodic  sulphite.  This  excess  of  sulphur  is 
injurious  to  the  elasticity  of  the  material,  and  gradually  renders  it  brittle  and 
rotten.      Several  modes  of  effecting  the  combination  of  sulphur  with  caoutchouc 
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are  employed.  One  of  the  most  usual  consists  in  grinding  the  caoutchouc 
between  heated  rollers  with  the  proper  proportion  of  sulphur :  the  mixture  of 
caoutchouc  and  sulphur  is  left  endued  with  the  properties  of  common  caoutchouc, 
and  may  be  easily  moulded  into  the  form  of  the  various  articles  required  ;  it  is 
only  on  the  application  of  a  temperature  ranging  from  130°  to  150"  (266"  to 
302°  F.)  that  the  peculiar  properties  of  the  sulphurized  compound  are  developed. 
The  heat  is  most  advantageously  applied  by  exposing  the  articles  to  the  direct 
action  of  high-pressure  steam  at  132°  to  137°  (270°  to  279°  F.).  A  still  easier 
method  adapted  for  thin  articles  consists  in  immersing  the  caoutchouc  for  a  few 
moments  in  a  solution  of  i  part  of  chloride  of  sulphur,  S^Cl^,  in  60  of  carbonic 
bisulphide  :  by  simple  exposure  of  the  object  thus  treated  to  the  air,  it  assumes 
the  character  of  vulcanized  caoutchouc  without  the  aid  of  heat.  The  addition  of 
a  certain  proportion  of  carbonate  of  lead  to  the  preparation  is  found  to  produce 
an  article  better  adapted  for  some  purposes,  such  as  the  manufacture  of  overshoes 
or  goloshes,  than  one  in  which  sulphur  only  is  used  j  due  proportions  of  sulphur 
and  of  the  salt  of  lead  are  incorporated  with  the  caoutchouc  by  causing  the  caout- 
chouc mixed  with  the  other  ingredients  to  pass  repeatedly  between  polished 
hollow  iron  rollers  maintained  at  a  temperature  of  about  75°  (167°  F,),  by  the 
injection  of  steam  into  their  interior.  Vulcanized  Indian  rubber  withstands 
prolonged  digestion  in  naphtha  or  turpentine-oil  without  undergoing  solution. 

(1281)  GuTTA  Peecha. — This  substance,  which  is  similar  in  chemical 
properties  to  caoutchouc,  was  introduced  into  this  country  as  an  article  of 
commerce  about  the  year  1844.  Gutta  percha  is  the  concrete  juice  of  the 
Isonandra  percha,  a  tree  belonging  to  the  family  of  the  Sa^otacece,  which  grows 
abundantly  in  Singapore,  Borneo,  and  other  islands  of  the  eastern  archipelago.  The 
nsime  percha  is  that  given  by  the  Malays  to  the  tree  which  produces  it;  it  grows 
to  a  diameter  of  5  or  6  feet,  and  although  it  is  valueless  as  timber,  the  fruit 
yields  an  oil  fit  for  food.  On  cutting  notches  through  the  bark  into  the  wood, 
a  milky  juice  exudes,  which  speedily  solidities.  Gutta  percha  is  a  tough  inelastic 
substance,  which  at  ordinary  temperatures  retains  any  shape  which  may  have 
been  impressed  upon  it,  but  somewhat  below  100°  (212°  F.)  it  becomes  so  soft 
that  it  may  be  moulded  like  wax,  and  indeed  may  be  employed  for  taking  casts 
and  impressions,  since  it  will  copy  the  finest  lines  with  fidelity  ;  beautiful 
mouldings,  and  a  variety  of  useful  and  ornamental  articles  are  thus  made  with 
great  facility.  It  also  possesses  the  valuable  property  of  welding  together  when 
in  this  soft  condition,  provided  that  the  surfaces  are  quite  free  from  any  film  of 
moisture.  Below  45°  (113'^  F.)  it  again  becomes  hard,  and  is  possessed  of  extra- 
ordinary tenacity.  It  is,  when  pure,  of  a  pale  brown  colour,  possessing  a 
peculiar  odour  somewhat  resembling  that  of  caoutchouc.  When  rubbed  it 
becomes  negatively  electric,  and  if  dry.  it  is  an  insulator  of  electricity ;  this 
property  has  led  to  its  extensive  employment  in  the  covering  of  wires  for 
telegraphic  purposes.  It  is  also  largely  used  as  a  waterproofing  material,  and  is 
employed  as  a  substitute  for  leather  in  soling  boots  and  shoes.  It  furnishes  a 
valuable  material  for  the  preparation  of  tubes  for  conveying  liquids,  and  is  like- 
wise used  as  a  substitute  for  leather  in  the  construction  of  bands  for  driving 
machinery. 

Gutta  percha  is  quite  insoluble  in  water ;  it  is  not  attacked  by  linseed  oil, 
but  is  dissolved  readily  by  benzene,  chloroform,  carbonic  bisulphide,  oil  of 
turpentine,  and  the  essential  oils  in  general  with  the  aid  of  heac.  If  heated 
moderately  it  melts;  and  at  a  higher  temperature  is  decomposed,  yielding  hydro- 
carbons identical  with  those  from  caoutchouc  (Greville  Williams).  Solutions  of 
the  alkalies  are  without  action  upon  gutta  percha.  Hydrochloric  acid,  and  dilute 
hydrofluoric  acid,  as  well  as  the  dilute  acids  in  general,  have  no  action  upon  it  j 
hence  it  is  employed  in  the  preparation  of  bottles  and  vessels  used  for  containing 
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these  liquids.  The  principal  drawback  to  this  use  is  the  difficulty  of  preventing 
it  from  retaining  a  certain  degree  of  porosity,  which  allows  the  slow  transudation 
of  liquids  through  its  mass.  Concentrated  nitric  acid  attacks  and  disintegrates 
it  rapidly,  whilst  sulphuric  acid  produces  the  same  effect  more  gradually. 

Purified  commercial  gutta  percha  consists  of  three  distinct  substances ;  the 
most  abundant  of  these,  the  pure  gutta,  which  constitutes  from  75  to  82  per 
cent,  of  the  mass,  is  a  hydrocarbon  of  the  same  percentage  composition  as  the 
terpenes ;  it  is  insoluble  ia  alcohol.  The  other  two  constituents  are  a  white 
crystalline  substance  termed  alhan,  CogHg^O.^,  insoluble  in  cold,  but  soluble  in 
boiling  alcohol ;  and  an  amorphous  yellow  resinous  substance  termed  Jluaml, 
Cg^HggO,  soluble  in  cold  alcohol.  These  two  are  probably  produced  by  the 
oxidation  of  the  pure  gutta,  which  appears  to  take  place  during  the  extraction  of  the 
gutta  percha  from  the  trees.  Pure  gutta  may  be  prepared  by  exhausting  gutta 
percha  with  water  and  hydrochloric  acid,  and  treating  the  residue  with  boiling 
ether  (which  dissolves  everything  except  a  few  black  flocks),  leaving  the  filtrate 
to  cool,  pressing  the  substance  which  separates,  and  repeating  the  treatment 
until  the  ethereal  liquid  retains  nothing  in  solution  after  cooling  (Baumhauer). 
It  is  perfectly  white  when  reduced  to  a  fine  powder ;  when  heated  it  cakes 
togtther,  and  at  100°  (212°  F.)  becomes  transparent,  whilst  at  150°  (302°  F.) 
it  begins  to  melt  and  is  converted  into  a  tenacious  mass  ;  at  180°  (356''  F.)  an 
oily  liquid  begins  to  distil  over;  at  210°  (410°  F  )  the  mass  becomes  tilled  with 
vapour-bubbles,  and  at  280°  (536°  F.)  it  froths  strongly.  Pure  gutta  percha 
slowly  absorbs  oxygen  when  exposed  to  the  combined  influence  of  light  and  air, 
and  is  gradually  converted  into  a  brittle  resin  freely  soluble  in  hot  alcohol. 
At\er  having  undergone  this  change  it  entirely  loses  its  plastic  character,  and 
this  is  one  of.  its  principal  defects  ;  it  may,  however,  be  preserved  in  the  dark  or 
under  water,  for  an  indefinite  period  without  change. 

§  V.  Hydrocarbons  op  the  Cnllgn.e,  or  Benzene  Series. 

During  the  past  few  years  more  attention  has  been  paid  to 
the  hydrocarbons  of  this  series  and  their  derivatives  than  to  any 
other  group  of  compounds,  and  their  investigation  has  furnished 
results  of  great  value,  especially  in  connexion  with  the  problem 
of  isomerism.  The  first  term  of  this  series  is  benzene,  CgHg,  and 
a  considerable  number  of  other  hydrocarbons  exist  which  may  be 
regarded  as  true  homologues  of  it,  since  they  exhibit  the  same 
general  properties.  Besides  these,  a  hydrocarbon  isomeric  with 
benzene  is  known,  possessing,  however,  altogether  different  pro- 
perties, and  also  several  hydrocarbons  of  the  composition  C^gHgj. 
The  latter  have  been  separated  from  certain  essential  oils,  but  it 
is  not  known  at  present  whether  they  are  true  homologues  of 
benzene,  or  whether  they  belong  to  an  isomeric  series. 

As  the  chief  source  of  benzene  and  several  of  its  homologues 
is  coal-tar,  one  of  the  products  of  the  destructive  distillation  of 
coal,  it  will  be  convenient  in  this  place  to  describe  briefly  the 
process  of  distilling  coal  and  some  other  vegetable  and  animal 
substances  before  discussing  benzene  and  its  homologues. 
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Destructive  Distillation  of  Vegetable  Substances. 

(1282)  Products  of  the  Distillation  of  Coal. — When  a  bitu- 
minoos  coal  is  burned  in  the  open  air,  the  principal  products  of 
the  combustion  are  carbonic  anhydride  and  water,  with  small  quan- 
tities of  ammonia  and  sulphurous  anhydride,  derived  from  the  nitro- 
genized  constituents  and  the  pyrites  contained  in  the  coal;  a  certain 
portion  of  carbonaceous  matter  in  a  finely  divided  form  escapes 
combustion,  and  constitutes  the  soot  or  visible  smoke  of  a  coal  fire. 
When,  however,  the  decomposition  of  the  coal  is  effected  in  vessels 
from  which  the  air  is  excluded,  the  products  are  much  more 
numerous  and  complicated  :  a  large  amount  of  volatile  matter  is 
expelled,  partly  in  the  form  of  uncondensable  gases,  and  partly  in 
the  form  of  vapours,  which,  when  cooled  to  the  ordinary  tempera- 
ture, become  liquids  or  solids;  whilst  a  large  proportion  of  the 
combustible  material  remains  behind  in  the  retort,  and  forms  a 
light,  porous  variety  of  coke,  known  as  gas  coke. 

Amongst  the  gaseous  products,  the  most  important  are  methane, 
ethylene,  hydrogen,  carbonic  oxide,  carbonic  anhydride,  sul- 
phuretted hydrogen,  and  ammonia.  The  liquid  portions  contain 
water,  and  various  hydrocarbons,  such  as  benzene,  toluene,  xylene, 
and  pseudocumene,  which  constitute  the  chief  ingredients  of  the 
liquid  termed  coal  naphtha ;  besides  which  there  is  a  large  quantity 
of  a  dark  viscous  matter,  known  as  coal-tar. 

When  coal  gas  is  to  be  employed  for  the  purpose  of  illumi- 
nating the  interior  of  a  dwelling-house,  it  is  not  sufficient  to  con- 
dense the  tar,  the  water,  and  other  liquid  products ;  but  it  is  also 
necessary  to  remove  a  number  of  gaseous  compounds,  before  it 
can  be  burned  with  comfort,  or  even  with  safety  to  the  health  of 
the  inmates.  The  impurities  of  which  it  is  of  most  importance 
to  deprive  it  are  sulphuretted  hydrogen  and  ammonia ;  in  addition 
to  which  carbonic  anhydride  and  a  small  quantity  of  cyanogen 
are  always  removed  during  the  purification.  This  purification 
is  effected  by  submitting  the  gas  to  the  action  of  certain 
chemical  agents,  particularly  hydrated  ferric  oxide,  and  slaked 
lime. 

The  illuminating  power  of  coal  gas  is  due  chiefly  to  olefiant 
gas  or  ethylene,  butylene,  and  acetylene,  but  it  is  increased  by  the 
presence  of  a  small  quantity  of  the  vapour  of  some  other  com- 
pounds of  carbon  and  hydrogen.  The  hydrogen  and  carbonic  oxide 
are  not  only  destitute  in  themselves  of  any  illuminating  power, 
but  they  reduce  the  light  of  the  gas  with  which  they  are  mixed ; 
there  is,  however,  no  means  of  getting  rid  of  these  gases,  so  that 
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care  should  be  taken  to  produce  as  small  an  amount  of  them  as 
possible  during  the  process  of  carbonization. 

(1283)  Manufacture  and  Purification  of  Coal  Gas. — The  earliest 
attempts  at  illumination  b}'  means  of  coal  gas  were  made  by  Mr.  Murdoch, 
during  his  residence  in  Cornwall,  about  the  year  1792,  and  he  subsequently 
further  carried  out  his  plan,  so  as  to  illuminate  a  large  portion  of  the  manufac- 
tory of  Boulton  and  Watt  at  Soho,  at  the  celebration  of  the  peace  of  Amiens  in 
1802.  Ten  years  afterwards,  the  Chartered  Gas  Company,  which  made  the 
first  great  experiment  of  lighting  the  streets  by  gas,  was  incorporated :  and 
from  that  day  to  the  present  the  employment  of  gas  as  a  convenient  and  eco- 
nomical means  of  illumination  has  been  steadily  increasing.  At  the  present 
time,  upwards  of  one  and  a  quarter  million  tons  of  coal  are  converted  into  gas 
annually  in  London  alone  ;  in  addition  to  which  every  large  manufacturing 
town,  and  many  of  the  smaller  towns  and  even  villages  in  Great  Britain,  are 
lighted  by  gas  ;  the  use  of  gas  is  also  general  in  the  principal  cities  and  large 
towns  on  the  Continent. 

The  proportion  in  which  the  different  products  of  the  distillation  of  coal  are 
obtained,  varies  greatly,  according  to  the  kind  of  coal  employed,  and  the  tem- 
perature at  which  the  distillation  is  conducted.  The  coal  best  suited  to  the 
manufacture  of  gas  for  illuminating  purposes  is  of  the  variety  known  as  bitu- 
minous. Anthracite  is  unfit  for  this  use.  The  kind  of  coal  employed  in 
London  for  gas-making  is  principally  that  of  the  Durham  coal  field,  or  Newcastle 
coal,  although  it  is  not  so  well  adapted  to  the  purpose  as  some  others,  since  it 
yields  a  gas  of  low  illuminating  power,  which  has  usually  to  be  brought  up  to  the 
required  standard  by  an  admixture  of  cannel  gas,  obtained  from  cannel  coal.  A 
ton  of  good  coal  of  this  description  yields  on  an  average  in  London  about  9250 
cubic  feet  of  gas  of  sp.  gr.  0*4 10,  and  furnishes  nearly  a  chaldron  of  coke 
weighing  about  13  cwt.  In  coking,  from  20  to  35  per  cent,  of  fuel  in  propor- 
tion to  the  coal  used  (according  to  the  judgment  shown  in  constructing  the 
lurnace)  is  employed.  The  Scotch  cannel  coals  furnish  a  gas  of  much  higher 
illuminating  power  than  that  of  the  Newcastle  coal,  and  of  greater  specific 
gravity,  owing  to  the  presence  of  a  larger  proportion  of  the  denser  hydrocarbons, 
although  the  volume  of  gas  produced  per  ton  is  somewhat  smaller,  and  the  coke 
produced  is  of  an  inferior  quality. 

Fig,  391  gives  a  general  view  of  the  arrangement  of  the  apparatus  required 
in  the  manufacture  and  purification  of  coal  gas ;  and  the  following  is  an  outline 
of  the  process  adopted  : — 

Pit-coal  is  heated  in  hollow  flattened  cylinders  of  iron,  or  more  generally  of 
clay,  B  B,  set  in  stacks  of  from  seven  to  ten,  in  long  brick  furnaces,  a  a.  The 
mouths,  c  c,  of  these  cylinders  or  retorts  project  from  the  brickwork,  and  are 
fitted  with  moveable  lids,  which  can  be  closed  air-tight  by  means  of  clay  luting. 
From  the  upper  side  of  the  projecting  extremity  of  each  retort,  a  tube,  d,  for 
the  conveyance  of  the  gas,  passes  vertically  upwards  for  a  few  feet,  then  forming 
an  arch,  dips  downwards,  terminating  at  e,  beneath  the  level  of  the  liquid  con- 
tained in  a  long  and  wide  pipe,  f,  called  the  hydraulic  main,  which  passes 
horizontally  along  the  front  of  the  range  of  furnaces.  This  pipe  is  kept  con- 
stantly half  full  of  tar  and  condensed  aqueous  vapour.  By  this  means  the 
opening  into  each  retort  is  efiectually  closed  by  a  water  valve,  which  permits  a 
charge  to  be  drawn  and  renewed  in  any  one  or  more  of  the  retorts,  without 
interfering  with  the  operation  of  those  which  are  still  in  action.  The  tar,  as  it 
accumulates  in  the  hydraulic  main,  flows  over  into  the  tar  welU,  h,  i.  In  about 
four  hours  alter  charging  the  retort,  the  coal  will  have  given  off  nearly  all  its 
gas,  and  a  fresh  charge  of  coal  will  be  required  ;  but  it  is  not  an  unusual  practice 
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to  charge  the  retorts  only  at 
intervals  of  six  hours,  since 
the  gas,  although  poorer  in 
quality,  is  increased  in  quan- 
tity, and  the  coke  is  improved 
by  longer  heating.  When  a 
charge  is  to  be  drawn,  the 
mouth  of  the  retort  is  opened, 
and  the  <;oke  raked  into  large 
iron  boxes,  in  which  it  is  ex- 
tinguished by  pouring  water 
over  it.  A  fresh  supply  of  coal 
is  then  introduced  by  means  of 
a  long  scoop,  so  that  the  whole 
of  the  required  quantity  of 
coal  is  placed  at  once  upon  the 
floor  of  the  retort,  which  is  at 
a  bright  red  heat.  The  door, 
which  has  been  prepared  with 
fresh  luting  upon  its  edges,  is 
instantly  replaced,  and  the  dis- 
tillation proceeded  with.  In 
large  gas  works  the  retorts  are 
so  arranged  that  a  fresh  set 
shall  require  charging  every 
hour,  in  order  that  the  gas 
which  is  produced  shall  at  all 
times  be  nearly  uniform  in 
quality.  The  gas  first  given 
off  is  the  best,  and  also  the 
largest  in  quantity,  the  coal 
not  having  had  time  to  rise 
to  the  full  temperature  of  the 
retort.  If  the  charge  be  ex- 
posed to  heat  for  five  hours, 
much  of  the  gas  in  the  last 
hour  and  a  half  consists  of 
hydrogen  and  carbonic  oxide, 
the  coal  having  become  tho- 
roughly red  hot  throughout. 

Having  deposited  in  the  hy- 
draulic main  most  of  the  tar 
and  some  water,  containing  in 
solution  a  good  deal  of  am- 
monic  carbonate  and  hydric 
sulphide,  the  gases  pass  next 
through  the  pipe,  g,  to  the 
refrigerators  or  condensers, 
j  j,  a  series  of  serpentine  or 
contorted  tubes ;  these  are  kept 
cool  by  the  extent  of  surface 
which  they  expose  to  the  air, 
and  their  temperature,  when 
necessary,  may  be  reduced  still 
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further,  by  allowing  cold  water  from  the  cistern,  k,  to  trickle  over  their  exterior : 
here  most  of  the  remaining  tar  and  aqueous  vapour  become  separated.  The  gas 
now  passes  into  an  apparatus  termed  a  scrubber,  consisting  of  a  tower,  the 
interior  of  which  is  filled  with  small  coke  resting  upon  perforated  shelves ; 
through  this  mass  of  porous  material  a  constant  supply  of  fresh  water  is  main- 
tained, and  by  this  arrangement  the  gas,  which  enters  at  the  bottom  of  the 
tower,  is  exposed  to  a  large  absorbent  surface,  and  the  ammonia  is  effectually 
removed.  This  washing,  however,  somewhat  diminishes  the  illuminating  power 
of  the  gas,  by  removing  a  portion  of  the  vapour  of  some  of  the  more  condensable 
hydrocarbons  which  are  held  in  suspension. 

From  the  scrubber  the  gas  passes  to  the  purifiers,  l  l',  which  consist  of  cast- 
iron  vessels  containing  a  number  of  horizontal  perforated  shelves,  m  m,  arranged 
one  above  another ;  upon  each  of  the  lower  shelves  a  mixture  of  hydrated  ferric 
oxide  with  moistened  sawdust  is  placed  to  the  depth  of  about  five  inches, 
whilst  the  upper  shelf  is  usually  filled  with  dry  slaked  lime.  The  gas  enters 
at  the  bottom  of  the  purifiers,  and  rises  on  one  side  through  each  layer  in  suc- 
cession, descending  on  the  other  side  of  the  purifier  until  it  makes  its  exit  at  n. 
In  these  purifiers  the  gas  loses  carbonic  acid,  sulphuretted  hydrogen,  sulpho- 
cyanogen,  cyanogen,  and  traces  of  naphthalene,  which  are  still  suspended  in  it. 

Although  the  iron  method  above  described  is  now  almost  universally  adopted 
in  large  works,  the  most  effectual  way  of  removing  the  sulphuretted  products 
from  the  gas  is  to  cause  it  to  bubble  up  through  milk  of  lime ;  but  the  heavy 
pressure  necessary  to  drive  the  gas  through  the  liquid  is  such  a  disadvantage  that 
it  is  preferable,  where  lime  alone  is  used,  to  slake  it  and,  after  slightly  moistening 
it  with  water,  to  place  it  on  sieves  or  trays  in  a  manner  similar  to  the  iron  oxide. 
The  spent  lime, « however,  in  both  instances  is  of  such  an  offensive  nature  that 
these  methods  cannot  be  conveniently  used  except  where  the  works  are  quite 
isolated. 

The  gas,  after  it  has  been  purified,  is  stored  up  for  use  in  immense 
reservoirs  or  gasometers  of  metal,  p,  each  consisting  of  a  large  bell  of  sheet  iron, 
inverted  in  a  brickwork  tank,  q,  filled  with  water,  in  which  the  bell  rises  and 
falls.  The  bell  is  in  some  cases  nearly  counterpoised  by  weights  attached  to 
chains,  which  pass  over  pulleys  suitably  supported ;  but  it  is  now  more  usual  to 
construct  them  so  as  to  rise  and  fall  by  the  admission  or  escape  of  the  gas 
without  the  necessity  for  any  counterpoise.  The  pressure,  which  is  not  usually 
allowed  to  exceed  that  of  a  column  of  water  two  or  three  inches  in  height,  drives 
the  gas  along  the  pipes  or  main,  0  o,  by  which  it  is  distributed  to  the  various 
consumers. 

In  the  foregoing  process  one  of  the  points  of  greatest  importance  is  the 
due  regulation  of  the  temperature  during  the  distillation.  The  retorts  should 
be  heated  to  a  bright  cherry-red.  If  they  are  insufficiently  heated,  the  products 
will  contain  a  large  quantity  of  the  vapours  of  condensable  hydrocarbons,  which 
collecting  in  the  gasometers  and  the  distributing  pipes,  would  occasion  much  loss 
and  inconvenience ;  whilst  if  the  temperature  is  too  high,  or  if  the  gas  after  its 
production  is  allowed  to  remain  long  in  contact  with  the  highly  heated  surface  of 
the  retort,  it  undergoes  partial  decomposition;  a  portion  of  its  carbon  is  de- 
posited, and  forms  a  dense  layer  upon  the  interior  of  the  retort,  which  it  gradually 
chokes  up,  and  at  the  same  time  the  illuminating  power  of  the  gas  is  propor- 
tionately diminished  by  the  loss  of  this  carbon. 

In  addition  to  this  inconvenience,  carbonic  bisulphide  is  formed  in  small 
quantity  (the  London  gas  contains  from  7  to  10  grains  in  100  cubic  feet; 
Hofmann),  especially  if  the  distillation  be  conducted  at  too  high  a  temperature. 
Dr.  Angus  Smith  has  proposed  the  use  of  a  solution  of  oxide  of  lead  in  caustic 
soda,  difiused  through  sawdust,  for  the  purpose  of  absorbing  the  bisulphide,  and 
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the  plan  is  said  to  succeed  on  the  large  scale  ;  the  use  of  the  ammoniacal  liquor 
in  a  scrubber  to  absorb  this  impurit}"-  has  also  been  suggested.  When  gas  which 
contains  carbonic  bisulphide  is  burned,  a  minute  quantity  of  sulphuric  acid  is 
formed,  which  gradually  accumulates  on  the  furniture  of  the  building,  on  the 
binding  of  books,  &c.,  and  slowly  corrodes  and  otherwise  injures  them, 

(1284)  Compounds  present  in  Coal-tar. — Coal-tar  varies  in 
density  from  1-120  to  1*150;  the  lightest  tar  containing  the 
largest  proportion  of  liquid  oils.  Of  the  substances  contained  in 
coal-tar  some  are  basic  and  some  acid_,  but  the  principal  portion 
consists  of  neutral  or  indifferent  bodies. 

The  following  is  a  list  of  the  compounds  the  existence  of 
which  in  coal-tar  has  been  satisfactorily  established  : 


Name. 

Formula. 

Name. 

Formula. 

Carbonic  bisulphide  ... 

cs. 

i 

Acetic  acid  ... 

c.HA 

0 

03 

Phenol 

...     C,H,0 

(T 

0 

Paracresol     . . . 

...     CHO 

.,1 

Hexane 

^.^u 

1 

Metacresol    ... 

7       8 

...     C.H^O 

s 

Heptane 

C.H,, 

Orthocresol  ... 

...     C,HO 

+  ■ 

Octane 

CsH^s 

w 

7       8 

k: 

Decane 

C.oH,, 

cf 

Cif 

,  Solid  paraffins 

CnH2ii+2 

Pyrrol 

...     C,H.N 

1 

Aniline 

...     C.H,N 

«    JAmylene 

C5H10 

6       7 

hjh'   [Hexylene      

CeH, 

0 

/Pyridine 

...     C,H,N 

,0 
1    JCrotonylene... 

Picoline 

...   aH,N 

C,H, 

Lutidine 

6       7 

...     C.HN 

7     Hexoylene     ... 

CeH,o 

a; 

Collidine 

...  c;h> 

5 

I 

Parvoline      ... 

.-     C,H^3^ 

a 
0 

a 

Coridine 

-     C,„H,,N 

Rubidine 

...     C„R.X 

i 

Benzene 

C'e^e 

0 

Viridine 

11      17 

...    a  H,  N 

'u 

Toluene        

C7H8 

^12  19 

\     Paraxylene 

7       8 

03 

k^ 

Metaxylene  ... 

CsH^o 

• 

te 

Pseudocumene 

CH 

^ 

'Leucoline     ... 

...     C,H,N- 

d*   \Mesitylene 

cIh;: 

^^     -^ 

Lepidine 

...    c» 

i 

Cryptidiue    . . . 

...     C„H.,N 

w 

Naphthalene... 

^xo^. 

d' 

Diphenyl 

^^2^1x0 

Acenaphthene 

Ci.H,, 

Fluorene 

C13H10 

Anthracene 

Cx4H.„ 

Phenanthrene 

14       10 

Pyrene 

14       10 

CieH,, 

' 

Chrysene 

^is^u 
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The  distillation  of  coal-tar  is  conducted  on  an  extensive  scale, 
as  a  separate  branch  of  trade.  The  operation  is  performed  in 
large  cylindrical  iron  retorts  of  the  capacity  of  from  looo  to  2000 
gallons.  The  first  portions  that  are  volatilized  consist  chiefly  of 
ammonia,  accompanied  by  some  permanent  gases  which  have  been 
dissolved  by  the  liquid  hydrocarbons.  As  the  temperature  rises, 
water  charged  with  various  ammoniacal  salts  comes  over,  and  a 
foetid  brown  oil  gradually  collects  upon  the  surface  of  the  water 
in  the  receiver.  As  the  distillation  proceeds,  water  ceases  to  come 
over,  and  the  quantity  of  this  oil  increases,  its  density  continuing 
to  augment  until  its  specific  gravity  exceeds  that  of  water.  The 
light  oil  amounts  generally  to  from  5  to  10  per  cent,  of  the  tar. 
This  distillate  may  be  freed  from  compounds  which  rapidly 
absorb  oxygen  and  cause  the  distilled  oil  to  become  brown  on 
keeping,  by  agitation  with  a  small  portion  of  sulphuric  acid,  by 
which  these  oxidizable  products  are  converted  into  a  tenacious 
tarry  mass  denser  than  the  rest  of  the  oil,  in  which  it  is  no  longer 
soluble.  The  purified  supernatant  oil,  when  again  rectified,  con- 
stitutes coal  naphtha.  By  continuing  the  distillation  of  the  coal- 
tar,  a  yellow,  heavy  foetid  oil,  technically  known  as  dead  oil,  is 
obtained,  the  amount  of  which  seldom  exceeds  30  per  cent,  of  the 
quantity  of  tar  employed.  In  the  latter  stages  of  the  operation, 
naphthalene  is  abundant  in  the  distillate,  and  the  oil  becomes 
semi- solid  as  it  cools.  The  black  residue  in  the  retort  solidifies 
on  cooling,  and  forms  pitchy  which  is  employed  in  the  preparation 
of  asphalte,  and  as  a  colouring  ingredient  in  the  production  of  a 
coarse  black  varnish,  used  for  protecting  iron-work  from  rust.  If 
it  be  desired  to  carry  the  distillation  further,  a  much  higher  tem- 
perature is  required,  when  the  pitch  in  its  turn  undergoes  decom- 
position, and  yields  a  product  which,  when  cool,  has  the 
consistence  of  butter ;  it  consists  chiefly  of  anthracene,  and  some 
other  hydrocarbons  such  as  phenanthrene,  acenaphthene,  and 
fluorene.  At  a  still  more  advanced  stage  of  the  process  the  dis- 
tillate acquires  a  yellow  colour,  and  assumes  the  appearance  of  a 
resin ;  whilst  as  the  temperature  of  the  retort  approaches  a  red 
heat,  the  vapours  produced  become  condensed  in  the  form  of 
a  bright  orange-coloured  powder  which  is  free  from  odour, 
and  when  pressed,  agglutinates  into  a  viscous  mass.  This  sub- 
stance consists  chiefly  of  pyrene,  CjgH^Q,  and  chrysene,  CjgH^g. 
The  residue  in  the  retort,  after  it  has  ceased  to  give  off'  volatile 
matters,  forms  a  hard  porous  coke,  which  is  difficult  of  combus- 
tion. 

The  heavy  coal- oil,  or  dead  oil^  is  seldom  submitted  to  further 
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purification.  It  contains  phenol,  cresols,  aniline  and  other  basic 
substances,  besides  naphthalene  and  other  hydrocarbons  which 
boil  between  200°  and  300°  (392°  and  572°  F.),  and  which  hold  a 
considerable  quantity  of  anthracene  in  solution.  Heavy  coal 
naphtha,  or  dead  oil,  is  remarkable  for  its  antiseptic  qualities,  and 
is  employed  for  the  preservation  of  timber  for  railway  sleepers, 
&c.  It  is  also  consumed  as  a  fuel  in  lamps,  and  in  specially  con- 
structed furnaces  for  heating  purposes. 

The  light  naphtha  obtained  in  the  foregoing  process,  after  being 
agitated  with  a  solution  of  caustic  soda  to  extract  the  phenol  and 
cresols,  is  submitted  to  rectification,  by  which  it  is  separated  into  a 
more  volatile  portion,  and  an  additional  quantity  of  the  heavy  oil 
containing  much  naphthalene.  It  is  usual  to  agitate  the  rectified 
portion  with  sulphuric  acid,  which  thus  acquires  a  deep  red 
colour,  and  removes  a  large  portion  of  the  products  which  com- 
municate to  the  crude  distillate  its  oflPensive  odour.  The  mixture, 
on  standing,  separates  into  two  layers,  the  lighter  of  which  is  the 
purified  naphtha.  When  this  liquid  is  again  submitted  to  distilla- 
tion, the  oil  which  comes  over  is  almost  free  from  naphthalene, 
and  does  not  become  coloured  by  exposure  to  the  air.  Coal 
naphtha  thus  purified  and  sold  as  '  highly  rectified,'  varies  in 
specific  gravity  from  about  o'86o  to  0'900.  It  consists  of  a  mix- 
ture of  bodies  which  boil  below  200°  (392°  F.),  and  may  be  separated 
from  each  other  by  distillation. 

Mansfield  was  the  first  {Journ.  Chem.  Soc,  i.  252)  to  make  a 
careful  examination  of  the  constituents  of  this  naphtha.  In  his 
experiments  he  employed  the  crude  light  naphtha, before  it  had  been 
treated  with  sulphuric  acid ;  and  having  freed  it  from  basic  and 
acid  bodies  by  agitating  it  successively  with  dilute  sulphuric  acid 
and  a  weak  solution  of  potassic  hydrate,  he  submitted  it  to  a  sys- 
tematic process  of  fractional  distillation.  He  thus  found  that 
at  least  five  distinct  liquids  might  be  separated  from  light  coal 
naphtha  : — i.  A  mobile  fluid  of  alliaceous  odour,  boiling  below 
70°  (158°  F.),  which  he  did  not  examine,  but  which  from  the 
recent  investigations  of  H  el  bin  g  {Ann.  Chem,  Pharm.,  clxxii.  281) 
appears  to  be  a  mixture  of  benzene  with  carbonic  bisulphide, 
amylene,  hexylene  and  crotonylene,  CgH^.  2.  A  fraction  boiling 
at  about  80°  (176°  F.),  consisting  chiefly  of  benzene,  CgHg,  but 
as  Schorlemmer  has  since  shown  {ibid,  cxxxix.  244)  also  containing 
small  quantities  of  hexoylene  (1255),  ^  hydrocarbon  of  the  acety- 
lene series.  3.  A  portion  which  distils  at  about  113°  (235  "4 
F.),  consisting  of  toluene,  C^Hg.  4.  A  liquid  boiling  at  142° — 
145°  (287°'6 — 293°   F.)    which  he  regarded   as    cumene^   ^<fi-iv 
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but  which  Fittig^s  researches  have  proved  to  be  chiefly  para-  and 
metaxylene;  and  5.  A  liquid  boiling  at  170° — 173°  (338° — 343°'4 
F.)  :  this  Mansfield  believed  to  be  cymene,  CjqHj^,  but  from  Fittig^s 
experiments  it  would  appear  to  be  impure  cumene.  CgH^g.  It  is 
a  mixture  of  at  least  two  isomeric  bodies — viz.,  mesitylene  and 
pseudocumene. 

Coal-oil  does  not  seem  to  contain  any  appreciable  quantity 
of  hydrocarbons  boiling  between  170°  and  200°  (338°  and  392°  F.) 
(Fit tig,  Dtut.  chem.  Ges.  Ber,,  viii.  22),  whilst  of  the  higher 
fractions,  that  which  distils  at  210° — 220°  (410° — 428°  F.)  consists 
almost  entirely  of  naphthalene,  and  that  which  comes  over  between 
220°  and  270°  (428°  and  518°  F.)  contains  diphenyl  and  a  mix- 
ture of  liquid  hydrocarbons  which  has  not  as  yet  been  examined. 
The  portions  of  still  higher  boiling  point  contain  acenaphthene, 
fluorene,  anthracene,  pheuanthrene,  pyrene,  and  chrysene. 

(i  285)  Products  of  the  Distillation  of  Cannel  Coal  and  Lignite. 
— The  oily  product  obtained  on  distilling  boghead  or  cannel  coals 
and  the  bituminous  shales  at  a  comparatively  low  temperature, 
consists  in  great  part  of  hydrocarbons  of  the  paraffin  series  (p.  130), 
but  it  also  contains  various  members  of  the  olefine  and  acetylene 
series. 

Lignite,  when  distilled,  also  furnishes  paraffins,  but  at  the  same 
time  an  acid  oil  is  produced  which  contains  phenol  and  probably 
homologous  substances  also. 

(1286)  Products  of  the  Distillation  of  Wood. — The  substances 
which  are  formed  during  the  destructive  distillation  of  wood  in 
closed  vessels  are  very  numerous.  They  vary  with  the  nature  of 
the  wood  operated  on,  and  the  temperature  at  which  the  distilla- 
tion is  eflPected.  The  decomposition  commences  slowly  at  a 
temperature  of  about  140°  (284°  F.).  The  volatile  portion  of  the 
products  includes  substances  which  are  gaseous,  as  well  as  those 
which  are  liquid  or  solid,  whilst  a  considerable  residue  of  char- 
coal is  left  in  the  retort.  Amongst  the  gaseous  products  of  the 
distillation,  the  most  abundant  are  carbonic  anhydride,  carbonic 
oxide,  and  hydrogen.  Of  the  liquid  products  one  portion  is  soluble 
in  water  and  another  oily  and  insoluble.  The  soluble  portion 
consists  of  acetic  acid,  methylic  alcohol  or  wood  spirit,  ethylic  alco- 
hol, allylic  alcohol,  methylic  acetate  and  acetone,  accompanied  by 
water,  and  by  other  bodies  but  imperfectly  known.  The  insoluble 
portion,  which  constitutes  wood  tar,  is  composed  of  a  mixture  of 
various  liquids  holding  solid  matters  in  solution  :  its  most  impor- 
tant constituents  are  several  hydrocarbons,  amongst  which  are 
paraffins,  benzene,  toluene,   xylene,  and  others  which  have  been 
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less  perfectly  examined,  besides  a  number  of  oxidized  compounds, 
including  *  creasote/  Amongst  the  solid  portions  are  '  paraffin/ 
and  resinous  matters  more  or  less  resembling  colophony  ;  there 
are  also  various  other  bodies,  such  as  naphthalene,  pyrene, 
chrysene,  &c. 

The  products  obtained  at  the  lowest  temperature,  in  the  dis- 
tillation of  wood,  are  those  into  the  composition  of  which  oxygen 
enters  abundantly,  such  as  water,  acetic  and  carbonic  acids  :  as 
the  temperature  rises,  compounds  containing  less  oxygen  are 
gradually  formed,  such  as  methylic  alcohol  or  wood  spirit,  acetone, 
and  creasote ;  at  a  still  more  elevated  temperature  various  hydro- 
carbons, such  as  toluene,  xylene,  and  the  different  paraffins  are 
produced,  whilst  as  the  temperature  approaches  to  redness,  pure 
hydrogen  predominates. 

In  the  distillation  in  iron  cylinders  of  air-dried  hard  woods, 
such  as  oak  or  beech,  the  charcoal  amounts  to  about  25  per  cent, 
of  the  weight  of  the  wood  employed,  or  about  three-fifths  of  the 
quantity  of  carbon  present  in  the  wood.  The  liquid  portion, 
amounting  to  about  ^^  per  cent.,  contains  nearly  one-fifth  of 
the  entire  quantity  of  carbon  in  the  wood :  and  the  remaining 
portion  of  the  distillate,  consisting  of  uncondensed  gases,  carries 
off  the  remainder  of  the  carbon.  Among  the  liquid  products, 
acetic  acid  amounts  to  between  3  and  4  per  cent,  of  the  weight 
of  the  harder  woods,  naphtha  to  about  1  per  cent.,  and  the  tar  to 
7*5  per  cent. 

(1287)  Siockholm  tar,  so  largely  used  in  shipbuilding,  is  obtained  by  a 
nide  kind  of  distillation  of  the  resinous  wood  of  the  pine.  A  conical  cavity  is 
formed  in  the  side  of  a  hillock,  the  apex  of  the  cone  being  below,  and  termi- 
nating in  an  aperture  that  opens  into  a  trough  leading  to  a  reservoir  for  the  tar. 
The  kiln  is  filled  with  wood,  and  covered  over  incompletely  with  turf;  the  pile 
is  lighted  at  the  top,  and  the  combustion  regulated  by  covering  it  in  more  or 
less  completely ;  the  wood  is  thus  charred  from  above  downwards,  and  the  tar 
flows  off  at  the  bottom,  charged  with  a  considerable  quantity  of  resin,  and  mixed 
with  acetic  acid  and  oil  of  turpentine.  When  heated,  an  impure  turpentine-oil 
is  distilled,  leaving  a  black  resinous  substance,  which  constitutes  ordinary  pitch. 
The  specific  gravity  of  the  ordinary  wood  tar  of  commerce  is  about  1*040. 

(1288)  Creasote  (from  Kpeag,  flesh,  atorrip,  preserver).  Much 
of  the  creasote  of  commerce  is  simply  phenol,  but  the  true 
creasote  of  Reichenbach  [Pogg.  Ann.,  xxi.  57 ;  xxviii.  125;  xxix. 
162)  is  a  distinct  substance;  to  which  indeed  wood-smoke  owes 
its  characteristic  odour  and  antiseptic  qualities. 

Preparation. — The  process  of  purifying  creasote  is  tedious. 
The  heavier  portions  of  the  oil  obtained  from  wood  tar,  after 
being  washed  with  a  solution   of  sodic  carbonate,  are  submitted 
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to  distillation^  by  which  they  are  further  separated  into  a  portion 
lighter  than  water,  and  into  another  which  sinks  in  this  liquid. 
This  heavier  oil  is  then  treated  with  a  solution  of  potassic 
hydrate  of  sp.  gr.  ri2,  which  dissolves  the  creasote;  the  greater 
part  of  the  hydrocarbons  which  accompanied  it  being  separated. 
The  alkaline  solution,  after  being  decanted  from  the  layer  of 
oily  hydrocarbons,  is  boiled  gently  in  an  open  basin,  with  a  view 
to  oxidize  a  portion  of  the  impurities.  When  cold,  dilute 
sulphuric  acid  is  added  to  the  liquid  in  slight  excess,  by  which 
means  the  creasote  is  set  free.  It  is,  however,  far  from  being 
pure,  and  must  be  redistilled  with  water,  again  treated  with 
concentrated  solution  of  potassic  hydrate,  then  with  dilute 
sulphuric  acid,  and  finally  redistilled  with  water.  This  series  of 
operations  is  to  be  repeated  as  long  as  hydrocarbons  continue  to 
be  separated.  Lastly,  the  creasote  should  be  digested  with  calcic 
chloride,  and  distilled  by  itself.  Rhenish  creasote  begins  to  boil 
at  130°  (266°  F.),  but  the  bulk  of  it  distils  at  199° — 208° 
(390°* 2 — 4o6°*4  F.),  a  smaller  portion  at  208° — 216°  (4o6°'4 
— ^420°* 8  F.),  leaving  a  dark-coloured  residue. 

Properties. — Creasote,  when  pure,  is  a  colourless  oily  liquid, 
of  high  refractive  power.  It  is  not  easily  inflamed,  but  when 
kindled  it  burns  with  a  smoky  flame.  Its  taste  is  burning,  and 
its  odour  extremely  pungent  and  peculiar ;  if  swallowed  in  doses 
of  more  than  a  few  drops,  it  acts  as  a  poison.  Creasote  is 
sparingly  soluble  in  water,  to  which  it  communicates  its  peculiar 
odour  and  pungent  taste.  It  is  freely  soluble  in  acetic  acid, 
alcohol,  and  ether,  as  well  as  in  benzene  and  carbonic  bisulphide  ; 
solutions  of  the  fixed  alkalies  and  of  ammonia  also  dissolve  it. 
Creasote  immediately  coagulates  albumin,  and  is  one  of  the  most 
powerful  antiseptics  known.  Meat  that  has  been  plunged  into 
a  solution  containing  i  per  cent,  of  creasote  gradually  becomes 
dry  and  hard  on  exposure  to  the  air,  and  acquires  the  flavour  of 
smoked  meat,  but  does  not  become  putrid.  A  considerable 
portion  of  creasote  (from  i  to  ij  per  cent.)  is  held  in  solution  in 
the  crude  pyroligneous  acid  obtained  during  the  destructive  dis- 
tillation of  wood,  and  on  saturating  this  acid  at  75°  (167°  F.) 
with  eflSoresced  sodic  sulphate,  an  oily  matter  which  contains  a 
large  proportion  of  creasote  is  separated.  Crude  pyroligneous 
acid,  on  account  of  the  creasote  which  it  contains,  is  frequently 
employed  for  preserving  hams  and  salted  provisions,  to  which  it 
communicates  the  same  flavour  as  if  they  had  been  exposed  to 
wood-smoke. 

Creasote  when  largely  diluted  is  sometimes  given  internally 
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in  order  to  check  obstinate  vomiting.  If  applied  in  a  con- 
centrated form  to  the  exposed  pulp  of  a  carious  tooth,  it  fre- 
quently affords  instant  relief  in  cases  of  acute  toothache.  In  a 
very  dilute  form,  it  is  also  a  valuable  application  in  some  cases  of 
fcetid  ulcers,  and  in  many  cutaneous  affections.  If  applied  to 
the  skin  in  a  concentrated  state  it  produces  a  white  spot,  the 
skin  becoming  disorganized,  and  peeling  off  without  any  attendant 
inflammation. 

The  researches  of  Hugo  Miiller,  Gorup-Besanez,  Marasse,  and 
Tieman  have  shown  that  creasote  is  a  complex  mixture  containing 
phenol,    CgHg.OH ;    paracresol,   CyH^.OH ;    phlorol,    CgHg.OH; 

(OPIT  (OPTT 

Qjj   ^;  creosol,CgH3(CH3)  S;  methylguaiacol, 

CgH^j  r^pr/ ;  methylcreosol,  CgPl3(CH3)  j  QpTT^  &c.  (see  Alcohols), 

The  relative  proportions  of  these  compounds  vary,  however,  in 
creasotes  from  different  sources.  There  are  other  oxygenated 
compounds  present  in  wood  tar,  but  as  yet  they  have  been  but 
very  imperfectly  examined  (see  Ccerulignone) . 

(1289)  Distillation  of  Peat. — The  products  furnished  ty  the  destruc- 
tive distillation  of  peat,  which  is  formed  by  the  decomposition  of  vegetable 
matters,  is  probably  of  a  nature  somewhat  similar  to  those  obtained  from  wood, 
but  they  have  never  been  carefully  examined.  The  distillation  was  for  some 
time  carried  on  at  Atley,  near  Kildare,  in  furnaces  resembling  an  ordinary 
blast  furnace.  The  crude  products  consist  of  tar,  above  which  is  a  watery 
liquid,  besides  gaseous  matters.  The  tar  when  purified  by  distillation  in  a 
current  of  superheated  steam  yields  first  a  liquid,  then  one  which  is  pasty  when 
cold,  and  lastly  a  solid  distillate,  whilst  about  5  per  cent,  of  a  porous  carbona- 
ceous mass  is  left  in  the  retort._  The  liquid  portion,  after  treatment  with 
sulphuric  acid,  and  redistillation,  gives  an  oil  fit  for  lubricating  purposes,  whilst 
solid  paraffin  may  be  extracted  from  the  pasty  portion.  The  aqueous  liquid 
contains  methylic  alcohol,  acetic  acid,  and  ammonia. 

(1290)  Products  of  the  distillation  of  Menhaden  Oil  Soap. — When 
the  lime  soap  produced  by  saponifying  menhaden  oil  (from  the  Aloea  men- 
haden, a  sort  of  herring)  with  milk  of  lime  is  distilled  with  excess  of  calcic 
hydrate,  a  liquid  product  is  obtained,  which  has  been  examined  by  Warren  and 
Storer  {Mem.  Amer.  Acad.,  N.S.  ix.  177).  They  have  succeeded  in  iso- 
lating the  following  hydrocarbons  from  it : 

T.         /T.  /^  TT  Approximate 

jrarajffins :  CnJi2n+2  ^'  P-  (Cent.) 


3 


C.H,  39, 

C.H„  69 

C,H„  98 

C.H„  128° 

Olefines :  CnHgn 

C.H,  35° 

C.H„  65^ 

C,H..  95„ 

C»H„  125 
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Olejines  :  C^H^^ 

CAs 

<•• 

C.A,           ... 
arhons  of  the  C^^^^. 

_g  series 

CA 

... 

CA 

... 

C,H 

[I29T 


Approximate 
B.  P.  (Cent.) 

153° 
175° 

212 

80° 
111° 


CA.        

(1291)  Products  of  the  distillation  of  Bones. — In  the  preparation  of 
animal  charcoal  by  igniting  bones  in  iron  cylinders,  an  oil  is  obtained  which 
after  rectification  is  known  as  BippeVs  animal  oil.  This  has  been  investigated 
by  Anderson,  who  succeeded  in  isolating  numerous  substances  from  it.  Although 
small  quantities  of  paraffins,  benzene,  and  probably  homologous  hydrocarbons 
are  present,  it  consists  chiefly  of  a  mixture  of  nitrogenous  substances  of  a  basic 
character.  Of  these,  various  members  belonging  respectively  to  the  series 
(CnHgn+JH^N  and  C^Hgn.jN  have  been  isolated,  viz. : 


Methylamine 

.     .  CHg.H^N 

Pyridine.     . 

.     .  C,H,N 

Etbylamine  . 

.     .  C,H,.H,N 

Picoline  . 

•      •   CeHrN 

Propylamine 

.  C3H,.H,N 

Lutidine .     . 

.     .  C,H,N 

Butylamine  . 

.  C,H,.H,N 

Collidine .     . 

.     .  C3H,,N 

Amylamine  .     . 

.  C,H,,.H,N 

The  oil  also  contains  aniline,  CgHgN,  pyrrol,  C^HgN,  and  other  nitrogenous 
substances  which  are  decomposed  when  heated  with  sodium. 

(1292)  Benzene.  Benzol,  or  Phenylic  hydride,  CgHg=78. — 
Benzene  was  originally  obtained  by  Faraday  in  1825  froi^i  the 
liquid  produced  by  the  compression  of  oil-gas,  and  was  named 
bicarburet  of  hydrogen ;  subsequently  Mitscherlich  found  that  the 
liquid  obtained  by  distilling  benzoic  acid  with  an  excess  of  lime 
contained  the  same  body,  and  he  named  it  benzine* 

Benzene  is  produced  in  a  very  large  number  of  reactions  : 
thus  it  is  formed  amongst  other  products  when  acetylene  is  heated 
to  about  the  temperature  at  which  glass  sofJ:ens  (Berthelot)  : 
3C2H2=CgHg.  The  higher  homologues  of  benzene,  and  a  number 
of  hydrocarbons,  such  as  naphthalene  and  anthracene,  also  yield 
benzene,  together  with  other  products,  when  heated  to  red- 
ness either  alone  or  mixed  with  hydrogen  (Berthelot).  When 
phenol,  CgHg.OH,  is  passed  over  strongly  heated  zinc  dust,  benzene 
is  obtained  (Baeyer)  :  CgHgO  +  Zn=CgHg  +  ZnO.  Pure  benzene 
may  be  prepared  by  carefully  distilling  benzoic  acid  with  calcic  hy- 
drate at  a  dull  red  heat:  C^HgOg  +  Ca(0H)2  =  CgHg  +  CaCOg  +  OHg; 


*  The  substances  which  are  now  largely  sold  under  the  names  of  benzine  and 
henzoline  are  chiefly  mixtures  of  paraffins  and  do  not  contain  benzene. 
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and  similarly  all  the  benzene-carboxylic  acids,  represented  hy  the 
formula  CgHg_j,(COOH)n,  furnish  benzene  when  distilled  with 
calcic  hydrate. 

On  the  large  scale,  however,  benzene  is  always  prepared  from 
the  portion  of  coal-tar  oil  boiling  below  100°  {'ZioP  F.)  in  the 
following  manner : 

The  oil  is  first  agitated  with  dilute  sulphuric  acid,  then  with  water,  and 
finally  with  milk  of  lime,  or  a  solution  of  sodic  hydrate,  in  order  to  remove  all 
the  substances  of  basic  and  acid  properties  it  may  contain.  In  order  to  separate 
hydrocarbons  of  the  CnH^n  and  G^^^_,^  series  which  are  always  present,  it  is 
next  digested  on  the  water-bath  with  about  \  of  its  weight  of  concentrated 
sulphuric  acid  for  8  to  10  hours  in  a  flask  attached  to  an  inverted  condenser; 
separated  from  the  blackened  acid  mass,  washed  with  a  small  quantity  of  water, 
and  similarly  treated  a  second  or  even  a  third  time  :  until,  in  fact,  the  liquid  is 
no  longer  coloured  by  the  action  of  the  acid.  It  is  then  submitted  to  fractional 
distillation,  collecting  apart  the  portion  boiling  below  90°  (194°  F.),  in  order  to 
separate  the  homologous  hydrocarbons ;  this  distillate  is  cooled  to  a  low  tempera- 
ture by  a  mixture  of  ice  and  salt :  the  benzene  then  crystallizes  out,  whilst  the 
other  hydrocarbons  remain  liquid,  and  may  for  the  greater  part  be  removed  by 
draining  the  crystals  on  a  vacuum-filter.  If  the  benzene  is  required  pure,  these 
should  be  melted  and  recrystallized  two  or  three  times,  carefully  draining  ofi"  the 
mother  liquor. 

Properties  of  Benzene. — It  is  a  colourless,  very  limpid,  strongly 
refracting  liquid,  of  a  peculiar  and  rather  agreeable  odour.  Its 
specific  gravity  at  0°  (3:^°  F.)  180*8995.  It  solidifies,  on  cooling, 
to  a  brilliant  white  mass  of  fern-like  tufts,  which  melt  at  ^^'^ 
(4i°-9  F.).  Benzene  boils  at  8o°-5  (i76°'9  F.),  and  emits  an 
extremely  inflammable  vapour,  which  burns  with  a  highly  luminous 
but  very  smoky  flame.  It  is  not  appreciably  soluble  in  water, 
but  is  freely  soluble  in  alcohol,  ether,  acetone,  oil  of  turpentine, 
and  many  other  media.  It  dissolves  entirely  if  heated  at  100° 
(112^  F.)  for  a  few  hours  with  4  or  5  times  its  bulk  of  sulphuric 
acid,  forming  a  colourless  liquid  if  the  benzene  is  quite  pure. 
When  hot  it  dissolves  sulphur,  phosphorus,  and  iodine ;  it  is  also 
an  excellent  solvent  for  caoutchouc  and  gutta-percha,  and  on 
evaporation  it  leaves  them  with  their  peculiar  physical  characters 
unaltered.  It  also  dissolves  wax  and  fatty  bodies  with  facility ; 
whilst  its  solvent  power  for  fats  and  oils  enables  it  to  be  used  with 
advantage  for  removing  grease  stains  from  articles  of  silk  or  wool. 
As  most  colloid  substances  are  insoluble  in  benzene,  it  is  of  great 
use  in  the  chemical  laboratory  for  purifying  crystalline  substances 
from  the  small  quantities  of  colouring  matters,  &c.,  which  often 
obstinately  adhere  to  them. 

When  the  vapour  of  benzene  is  passed  through  a  tube  heated 
to   bright    redness,    diphenyl,    C^gH^^Q,   is    produced     (Berthelot), 
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together  with  hydrogen^  paradiphenylbenzene,  C^^[Cfi^^y  an 
isomeric  body  which  is  probably  orthodiphenylhenzene^  and  small 
quantities  of  other  hydrocarbons  of  unknown  composition  (Schultz, 
Ann.  Chem.  Pharm.,  clxxiv.  328).  According  to  Berthelot,  a 
mixture  of  benzene  vapour  and  ethylene  passed  through  a  red-hot 
tube  yields  cinnamene,  CgHg,  naphthalene,  Cj^Hg,  acenaphthene, 
CjgHjQ,  anthracene,  C^^H^q,  and  hydrogen. 

Berthelot  also  states  that  benzene  is  not  attacked  by  sodium ; 
when  it  is  heated  to  about  250°  (482°  F.)  with  potassium,  however, 
a  black  mass  is  obtained,  which  is  highly  explosive,  and  is  violently 
decomposed  by  water  (Abeljanz,  Deut.  chem.  Ges.  Ber.,  v.  1027). 

When  oxidized  by  the  ordinary  reagents,  benzene  does  not 
furnish  compounds  containing  the  same  number  of  carbon  atoms, 
but  is  more  or  less  completely  converted  into  carbonic  anhydride 
and  water.  By  the  action  of  chromic  chloride,  CrOgCl^,  on  a 
solution  of  benzene  in  glacial  acetic  acid,  however,  Irichloro- 
quinone  is  produced  (Carstanjen)  : 

C,H,     +     4CrO,Cl,     =     C.HCl^O^     +     aCr.O,     +     5HCI. 

Benzene.  Chromic  chloride.  Trichloroquinone. 

When  oxidized  by  manganic  peroxide  and  sulphuric  acid,  benzene 
furnishes,  together  with  formic  acid,  carbonic  anhydride  and 
water,  small  quantities  of  benzoic  acid,  CgH^.COOH,  phthalic  acid, 
CgH4(COOH)2  (Carius,  Zeits.  Chem.  [2],  iv.  505),  and  the  isomeric 
terephthalic  acid  (Oudemanns,  ibid.  v.  84).  The  formation  of 
these  acids  has  been  shown  to  be  the  result  of  the  simultaneous 
oxidation  of  benzene  and  the  formic  acid  generated  by  the  oxida- 
tion of  a  portion  of  the  benzene,  thus  : 

CgHg  +    HCOOH   +   O  =  CgHg.COOH  +  OH^. 

Benzene.  Formic  acid.  Benzoic  acid. 

CgHg.COOH   +    HCOOH   +  O  =  CgH4(COOH)3  +   OH2. 

Benzoic  acid.  Formic  acid.  Phthalic  acid. 

According  to  Berthelot,  benzene  is  almost  wholly  converted 
into  hexane,  CgH^^,  when  heated  for  twenty-four  hours  to  280 
(536°  F.)  with  80  parts  of  a  saturated  solution  of  hydriodic  acid. 
Baeyer  states  that  when  benzene  is  heated  with  dry  hydriodic 
acid  gas  even  to  350°  (662°  F.),  it  is  not  affected.  In  the  dark, 
or  in  diflfused  light,  chlorine  in  presence  of  iodine  and  bromine 
both  act  slowly  on  benzene,  at  the  ordinary  temperature,  and 
more  rapidly  on  heating,  producing  mono-,  di-,  and  even  tri- 
chloro-  and  brorao-benzenes.  The  action  of  bromine  at  a  high 
temperature  gives  rise   to  tetra-  and   penta-bromobenzenes  (see 
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Haloid  derivatives  of  benzene).  Iodine  alone  has  no  action  on 
benzene,  but  when  a  mixture  of  benzene  with  iodine  and  iodic 
acid  is  heated,  iodobenzenes  are  formed.  If,  however,  a  mixture 
of  benzene  and  chlorine  or  bromine  is  exposed  to  bright  sunshine 
instead  of  diffused  daylight,  compounds  of  these  elements  with 
benzene  are  obtained :  the  bodies  CgHgClg  {benzene  hexachloride, 
or  hexachlorohexylene)  and  CgHgBrg  are  readily  separated,  but  the 
intermediate  compounds  CgHgClg,  CgHgClg,  CgHgBrg  and  CgHgBr^, 
which  without  doubt  are  simultaneously  produced,  cannot  be 
isolated  on  account  of  their  instability.  Although  benzene  is 
not  in  the  least  acted  on  by  the  haloid  acids,  it  unites  with  hypo- 
chlorous  acid,  forming  the  compound  CgHgClg (OHjg,  the  so-called 
trichlorhydrin  of  phenose.  By  the  action  of  chlorous  acid  on 
benzene  the  so-called  trichlorophenomalic  acid  is  produced, 
together  with  chlorobenzene  and  dichloroquinone  (Carius,  Ann, 
Chem.  Pharm.y  cxlii.  129)  : 

C,H,   +  3HCIO,   =   C,H,Cip,  +   OH,. 

Benzene.  Chlorous  acid.  Trichloropheno- 

malic acid. 

By  the  action  of  concentrated  nitric  acid,  benzene  is  readily 
converted  into  nitrobenzene,  CgHg.NOg ;  which,  by  the  further 
action  of  the  acid,  becomes  dinitrobenzene,  Q>^^0^^.  Ben- 
zene, when  warmed  with  concentrated  sulphuric  acid,  furnishes 
benzenesulphonic  acid,  CgH^.SOgH  ;  and  the  same  acid  is  formed 
together  with  benzenesulphonic  chloride,  CgHg.SOgCl,  and  benzene- 
sulphone  or  sulphobenzid,  (CgH5)2S02,  by  the  action  of  chlorhydric 
sulphate,  SOgCl.OH,  on  benzene.  Sulphuric  anhydride  converts 
benzene  into  benzenesulphonic  acid  and  benzenesulphone.  When 
heated  with  sulphuric  chloride,  SOgClg,  to  150°  (302°  F.),  benzene 
is  converted  into  mowochlorobenzene  : 

SO2CI2  +    CgHg  =   SOg   +   CgH^Cl   +    HCl. 

Constitution  of  Benzene. — Benzene  behaves  in  the  majority  of 
cases  as  a  saturated  compound,  inasmuch  as  it  tends  always  to 
form  substitution  derivatives ;  and  when  additive  compounds  are 
formed  it  unites  with  at  most  six  atoms  of  a  monad.  Kekule  in 
1865  was  the  first  to  propose  a  consistent  theory  to  account  for 
this  peculiar  behaviour  of  benzene.  He  supposed  that  the  six 
atoms  of  carbon  are  united  alternately  by  one  and  two  affinities 
of  eachj  so  as  to  form  a  closed  chain,  and  that  the  remaining 
affinity  of  each  carbon  atom  is  saturated  with  hydrogen ;  this 
may  be  indicated  by  the  following  diagram : 
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H— C  C— H 


C  =  C 

In  the  additive  compounds,  formed  by  tlie  addition  of  six  monad 
atoms  to  benzene,  the  carbon  atoms  are  united  by  single  aflSnities, 
but  the  closed  chain  is  preserved ;  thus  : 

H 


H  H 
The  hypothesis  that  the  six  atoms  of  hydrogen  are  of  equal 
value  was  also  adopted  as  the  simplest  and  most  probable,  and 
this  has  since  been  abundantly  justified  by  the  fact  that  no 
isomeric  mono-substitution  derivatives  have  been  obtained  from 
benzene.  Several  isomeric  modifications  of  the  higher  substitution 
derivatives  were  tnown  to  exist  however,  and  Kekule  explained  this 
in  a  very  simple  manner  by  supposing  the  phenomena  to  be  due 
to  a  difi*erence  in  the  relative  positions  of  the  substituting  radicles. 
Thus,  if  for  convenience  of  reference  the  six  atoms  of  carbon  are 
indicated  respectively  by  the  figures  i,  2,  3,  4,  5  and  6,  and  we 
suppose  that  in  monobromobenzene,  for  example,  the  bromine 
occupies  the  position  i,  then  according  as  a  second  atom  of  the 
bromine  is  introduced  in  the  position  2,  3,  or  4,  we  obtain  three 
dibromobenzenes,  in  which  the  bromine  atoms  occupy  relatively 
different  positions  : 

Br,  Br  Br 

C  C  C 

/^V  /'\  /'\ 

HCe  2CBr  HCe        *2CH  HCe  2CH 


HCs         3CH 

HCe         sCBr 

HC6          3CH 

\/ 

\-/ 

H 

H 

Br 

Br  :  Br   =    1:2 

Br  :  Br  =    1:3 

Br  :  Br   =    1  :  4 
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Kekule  supposed  that  the  positions  5  and  6  were  relatively  identical 
with  2>  and  3,  and  therefore  that  only  three  isomeric  di-derivatives 
of  benzene  were  possible.*  It  has_,  however,  been  urged  that  in 
this  scheme  the  positions  2>  and  6  cannot  be  identical,  because  in 
the  one  case  the  two  carbon  atoms  (i  and  2)  are  united  by  double 
affinities  and  in  the  other  (i  and  6)  by  single  affinities,  and  that 
accordingly /owr  isomeric  di-derivatives  should  exist ;  but  inasmuch 
as  only  three  have  ever  been  obtained,  it  has  therefore  been  pro- 
posed to  slightly  modify  Kekule^s  hypothesis,  and  to  suppose 
that  each  atom  of  carbon  is  in  direct  union  with  three  other 
carbon  atoms,  somewhat  in  the  manner  indicated  by  the  diagram  : 


All  other  facts  with  regard  to  benzene  are  capable  of  expres- 
sion by  this  formula,  and  the  impression  is  gaining  ground  that 
it  merits  the  preference  over  that  originally  proposed  by  Kekule 
as  a  graphic  representation  of  the  known  reactions  of  benzene. 
(See  Summary  of  the  Action  of  Reagents  on  Benzene.)  What- 
ever hypothesis  we  accept  as  to  the  mode  of  union  of  the 
carbon  atoms  in  benzene,  however,  Kekule^s  original  explanation 
of  the  cause  of  isomerism  among  the  benzene  derivatives  still 
holds  good.  Moreover,  the  constitution  of  the  isomeric  benzene 
derivatives  may  be  conveniently  expressed  graphically,  without 
reference  to  the  constitution  of  benzene  itself,  by  the  employ- 
ment of  a  simple  hexagon  to  represent  benzene,  the  substituting 
radicles  merely  being  written  at  the  corners  in  their  appropriate 
positions,  thus  : 

Br  Br  Br  Br 

/\Br 


\y 


Br 


Br 


Monobromobenzene. 


Bibromobenzenes. 


*  Kekule  has  discussed  at  length  the  reasons  which  lead  him  to  regard  the 
positions  2  and  6  as  identical ;  and  an  account  of  his  views  will  be  found  in 
Watts'  "Dictionary  of  Chemistry,"  Second  Supplement,  p.  132. 
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Determination  of  the  Constitution  of  Benzene  Derivatives, — 
Kekule^s  explanation  of  isomerism  has  not  only  been  almost  uni- 
versally accepted,  but  much  attention  has  been  devoted  by 
chemists  for  several  years  past  to  the  determination  of  the  rela- 
tive positions  which  the  radicles  occupy  in  the  various  substitu- 
tion derivatives  of  benzene. 

Obviously,  it  would  appear  to  be  a  simple  matter  to  arrange 
all  the  derivatives  in  which  substitution  has  taken  place  to  the 
same  degree  in  groups,  in  such  a  manner  that  each  group  shall 
only  contain  substances  which  are  convertible  either  into  one  an- 
other, or  into  a  third  body  in  which  substitution  has  also  taken 
place  to  the  same  degree,  provided  that  in  the  formation  of  the 
one  from  the  other,  isomeric  change,  or  change  of  position  of  the 
radicles,  has  not  taken  place.  These  substances  may  all  be  re- 
garded as  members  of  one  group ;  and  if  the  constitution  of  any 
one  member  of  such  a  group  can  be  determined,  it  is  clear  that 
we  are  then  in  a  position  to  infer  that  of  the  other  members. 
Notwithstanding  the  apparent  simplicity  of  the  problem,  chemists 
long  differed  greatly  as  to  the  arrangement  of  the  various  ben- 
zene derivatives  in  groups  of  similarly  constituted  bodies,  and 
have  only  recently  arrived  at  a  satisfactory  result.  The  problem 
of  the  determination  of  the  constitution  of  the  members  of  the 
various  groups,  which  it  need  scarcely  be  said  is  far  more  difficult, 
has  also  given  rise  to  much  discussion. 

According  to  Kekule^s  hypothesis,  as  above  stated,  although 
isomeric  mono-derivatives  of  benzene  cannot  exist,  the  di-deri- 
vatives  are  capable  of  existing  in  three  isomeric  modifications  ; 
and  the  experimental  results  hitherto  obtained  are  in  complete 
accordance  with  theory  in  this  respect.  It  has  been  very 
generally  the  custom  to  refer  the  di- derivatives  of  benzene  to 
the  three  isomeric  benzenedicarboxylic  acids :  Phthalic  acid, 
Isophthalic  acid  and  Terephthalic  acid,  which  are  formed  from 
benzene  by  the  displacement  of  two  hydrogen  atoms  by  two  of 
the  monad  groups  (CO.OH),  because  the  constitution  of  these 
compounds  first  came  under  discussion.  Phthalic  acid  is  obtained 
by  the  oxidation  of  naphthalene,  Cjq  Hg,  and  as  Graebe's  researches 
have  shown  that  this  hydrocarbon  may  be  regarded  as  com- 
posed of  two  benzene-nuclei  having  two  atoms  of  carbon  in 
common ;  and  as,  moreover,  he  considered  that  these  two  atoms 
common  to  the  two  nuclei  were  contiguous,  he  was  necessarily 
led  to  the  conclusion  that  the  carboxyl  groups  in  phthalic  acid 
were  also  contiguous,  and  graphically  represented  naphthalene  and 
phthalic  acid  by  the  following  diagrams : 
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H  H  H 

y  \  /v  /\ 

H-C  C  C— H         H-C  C— COOH 


H-C  r.         /C— H        H-n  /C— COOH 

\/  V       ^/ 

I  I  i 

H  H  H 

Naphthalene.  Phthalic  acid. 

This  conclusion  as  to  the  constitution  of  phthalic  acid  was 
strengthened  by  the  observation  that  phthalic  acid  is  readily- 
converted   into  phthalic  anhydride,   CgH^  \  ^^  \0,  whilst  the 

isomeric  acids  do  not  yield  anhydrides,  it  being  supposed  that 
contiguity  of  the  carboxyl  groups,  if  not  absolutely  essential,  was 
at  least  likely  to  favour  the  formation  of  an  anhydride. 

Isophthalic  acid  is  formed  by  the  oxidation  of  the  modification 
of  dimethylbenzene  known  as  iso/rylene,  and  this  latter  is  obtained 
by  distilling  a  mixture   of  calcic  hydrate  with  the  so-called  mesi- 
tylenic  acid,  CgHg  (CH3)2.COOH,  formed  by  oxidation  of  mesity- 
lene,     Mesitylene  is  a  trimethylbenzene  which  is   obtained  from 
acetone,  CH3.CO.CH3,  by  the  action  of  sulphuric  acid ;  3  mole* 
cules  of  acetone  losing   the    elements   of  3  molecules  of  water, 
and  uniting  to  form  a  molecule  of  mesitylene : 
3C3H,0   =  C,H,,  +  3OH,. 
Baeyer  pointed  out   that   if  it  be  supposed  that  two  atoms   of 
hydrogen  are   split   off  from   one   of  the  methyl  groups  of  each 
molecule  of  acetone  together  with  oxygen,  and  that  the  residues 
coalesce,  a  trimethylbenzene  would  be  formed  in  whipfe-the  t^?^^^ 
methyl-groups  are  symmetrically  disposed,  thus  :    /^  ^^     ^^^,  ,^.    ^^ 


^CHg.CO.CH,  -  OH.     =     CH3.C.CL.  ^  ^^^ 

Acetone.  v.  *  .1,        " 


H    V:i-i^ORN^ 


C.  CH.C  CCH, 

(^)    ■      /V     =  II        I    ' 

3CH3.C  HC  CH 


Mesitylene. 
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If  this  hypothesis  be  correct  it  will  readily  be  seen  that  which- 
ever of  these  methyl-groups  is  oxidized  to  carboxyl,  a  dimethyl- 
benzenecarboxylic  acid  must  be  obtained  in  which  the  methyl- 
groups  are  relatively  in  the  position  1:3.  The  dimethylbenzene 
obtained  from  this  acid  must  also  have  the  same  constitution^ 
and  on  oxidation  will  yield  an  acid  in  which  the  carboxyl-groups 
are  in  the  position  i  :  3^  thus  : 


CHo 


HC 


COOHC 


CH 


HC 


CCH,       HC 


CH 


CCH,       HC 


COOH 

/\ 

HC  CH 


CCOOH 


X 


H 

Mesitylenic  acid. 


H 

Isoxylene. 


H 

Isophthalic  acid. 


The  position  of  the  carboxyl-groups  in  phthalic  acid  being 
I  :  2j  and  in  isophthalic  acid  i  :  3,  it  necessarily  follows  that  in 
terephthalic  acid  they  are  as  i  :  4.  All  di-derivatives  of  benzene 
which  belong  to  the  same  group  as  phthalic  acid  may  then  be 
supposed  to  have  the  substituting  radicles  in  the  position  1:2; 
those  which  belong  to  the  isophthalic  group  in  the  position  1:3; 
and  finally  those  which  belong  to  the  terephthalic  group  in  the 
position  I  :  4.  Chemists  are  now  very  generally  agreed  in  assigning 
the  arbitrary  prefix  ortho  to  the  i  :  2  derivatives ;  to  the  i  :  3 
derivatives  the  term  met  a ;  whilst  the  i  :  4  derivatives  are  called 
joflrfl- derivatives,  although  up  to  within  a  recent  period  these 
terms  have  been  very  indiscriminately  employed.  It  is  very 
convenient  also,  in  describing  the  constitution  of  the  benzene 
derivatives,  to  speak  of  the  positions  2  and  6  as  the  or/Ao-positions ; 
the  positions  3  and  5  as  the  me^«-positions ;  and  the  position  4  as 
the  p«ra-position  :  it  being  understood  that  this  is  relatively  to 
the  position  1. 


(Ortho-position.) 


(Ortho-position.) 


(Meta-position.)  \s  a)    (Meta-posltion.) 

(Para-pusition.) 
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Korner  has  recently  raised  an  objection  to  the  hypothesis  on 
which  the  determination  of  the  constitution  of  phthalic  acid 
rests :  that  the  proof  does  not  hold  good  unless  we  assume  that 
the  two  atoms  of  carbon  in  naphthalene  common  to  the  two 
benzene-nuclei  are  contiguous.  There  is  no  cogent  reason  why 
these  should  not  be  regarded  as  occupying  the  relative  position  i  :  3, 
or  I  :  4^  and  if  such  were  the  case  phthalic  acid  would  have  a 
different  constitution  to  that  assigned  to  it  by  Graebe.  He  has 
also  pointed  out  that  the  inference  that  mesitylene  is  a  symme- 
trically constituted  trimethylbenzene  is  scarcely  admissible^  since 
the  application  of  a  similar  process  of  reasoning  in  a  perfectly 
parallel  case  leads  to  a  conclusion  which  is  known  to  be  false. 
Thus,  when  benzene  hexabromide  CgHgBrg,  is  treated  with  potassic 
hydrate,  it  is  very  readily  resolved  into  a  tribromobenzene, 
CgHgBrg.  There  can  be  no  doubt  that  the  six  atoms  of  bromine 
in  the  hexabromide  are  symmetrically  distributed,  and  adopting 
a  similar  hypothesis  to  that  of  Baeyer,  it  would  appear  most 
probable  that  the  three  molecules  of  hydrobromic  acid  are 
removed  in  such  a  manner  as  to  furnish  a  symmetrical  tribromo- 
benzene ;  thus : 

HBr  Br 

/'\  -  /\ 

BrHC  CHBr  HC  CH 

I  I  -     3HBr     =  11  I 

BrHC  CHBr  BrC  CBr 

•       HBr  H 

Benzene  hexabromide,  Tribromobenzene. 

Korner  has  shown,  however,  that  the  tribromobenzene  which  is 
formed  has  the  bromine  atoms  relatively  in  the  positions  i  :  2,  :  4.. 
It  is  therefore  not  impossible  that,  in  the  formation  of  mesitylene 
from  acetone,  isomeric  change  may  have  occurred,  especially  as 
the  reaction  takes  place  at  a  comparatively  high  temperature, 
and  under  the  influence  of  an  extremely  powerful  reagent. 

In  face  of  these  very  legitimate  objections,  Korner  has 
sought  to  determine  the  constitution  of  the  di-derivatives  of 
benzene  entirely  without  the  aid  of  substances  containing  a 
greater  number  of  carbon  atoms  than  benzene.  The  method 
which  he  has  employed  is  to  convert  the  three  isomeric  dibromo- 
benzenes  into  tribromobenzenes.  The  six  atoms  of  hydrogen  in 
benzene  being  of  equal  value,  only  three  isomeric  modifications  of 
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tribromobenzene  can  exist — namely,  1:2:3,  1:2:4,  ^^d 
^  '  3  '  5>  ^^*  ^s  "^i^l  ^6  evident  on  inspection  of  the  accompany- 
ing figures,  the  modification  of  dibromobenzene  in  which  the 
bromine  atoms  are  in  the  position  i  :  2  may  give  rise  to  the  for- 
mation of  two  of  the  three  possible  tribromobenzenes ;  the  modi- 
fication I  :  3  can,  however,  furnish  three  tribromobenzenes; 
whilst  only  one  tribromobenzene  can  be  obtained  from  the  modi- 
fication 1:4: 

Br  Br  Br 

/\Br 


\/ 


1 :  2 


^'3 

Dibromobenzenes. 


Br  Br 


Br 


Br 


Br 
1:2:4 


Tribromobenzenes. 


Or  in  other  words,  one  of  the  tribromobenzenes  (the  modifi- 
cation I  :  ^  :  5)  can  only  be  obtained  from  the  i  :  3  modification 
of  dibromobenzene ;  whereas  a  second  tribromobenzene  (1:2:3) 
can  be  obtained  from  the  i  :  2  and  i  :  3  modifications  of  dibro- 
mobenzene, and  the  third  tribromobenzene  (1:2:4)  can  be 
obtained  from  each  of  the  three  modifications  of  dibromobenzene. 
Korner  finds  that  the  tribromobenzene  from  benzene  hexabromide 
can  be  formed  from  each  of  the  three  dibromobenzenes,  and 
concludes  therefore  that  it  has  the  constitution  1:2:4;  ^^^ 
tribromobenzene  obtained  by  displacing  the  NHg  group  in 
ordinary  tribromaniline,  CgHgBrg.NHg,  by  hydrogen  is  only 
procurable  from  one  of  the  dibromobenzenes,  and  the  conclusion 
is  obvious  that  it  has  the  constitution  1:3:5,  and  that  the 
dibromobenzene  from  which  it  may  be  derived  is  1  :  ^;  the 
third  tribromobenzene  can  be  prepared  from  two  of  the  dibromo- 
benzenes, and 'its  constitution  is  therefore  1:2:3,  and  since  it 
is  known  which  of  these  dibromobenzenes  is  the  1  :  3  modifica- 
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tioiij  it  follows  that  the  other  is  the  i  :  !Z,  and  also  that  the 
remaining  dibromobenzene  is  the  i  :  4  modification. 

The  I  :  4  modification,  or  ^ar«-dibromobenzene,  is  the  crys- 
talline dibromobenzene  produced  by  the  action  of  bromine  on 
benzene ;  the  i  :  3  modification,  or  me^«-dibromobenzene,  is 
formed  by  displacing  the  NHg  group  in  ordinary  dibromaniline, 
CgHgBrg.NHg,  by  hydrogen,  and  is  liquid ;  the  i  :  2  modification, 
or  or^^o-dibromobenzene,  which  is  also  liquid,  is  formed  in  small 
quantity  together  with  paradibromobenzene  by  the  action  of 
bromine  on  benzene. 

On  displacing  the  bromine  in  paradibromobenzene  by  methyl, 
by  the  action  of  methyl  iodide  and  sodium  : 

C,H,Br,   +    2CH3I   +    4Na     =     C,H,(CH3),   +    2NaI   +    2NaBr, 

Paradibromobenzene.  Paradimethylbenzene. 

and  oxidizing  the  resulting  dimethylbenzene,  terephthalic  acid  is 
obtained.  Similarly,  metadibromobenzene  furnishes  the  ethylic 
ether  of  isophthalic  acid  when  acted  upon  with  ethylic  chloro- 
carbonate  and  sodium  : 

C.H.Br^  +  2C1C0.0C,H,  +  4Na:  =  C,H^(CO.OC,H  j,  +   2NaBr  +   2NaCl. 

Metadibromobenzene.  Ethylic  isophthalate. 

Korner^s  researches  therefore  confirm  the  previous  conclusions  as 
to  the  constitution  of  the  benzenedicarboxylic  acids. 

With  regard  to  the  number  of  isomeric  modifications  of  the 
higher  substitution  derivatives  of  benzene,  it  has  already  been 
pointed  out  that  only  three  tri- derivatives  can  exist,  supposing  the 
substituting  radicles  to  be  the  same  ;  but  if  two  different  radicles 
are  introduced,  no  less  than  six  modifications  are  possible :  for 
example,  theoretically  only  o/ze  nitrodibromobenzene  can  be  ob- 
tained from  paradibromobenzene,  but  orthodibromobenzene  can 
furnish  two  and  metadibromobenzene  three  nitrodibromobenzenes, 
viz. : 

Br  •  Br 

Paradibromobenzene  \  Nitroparadibromobenzene 


Metadibromobenzene  *  Nitrometadibromobenzene , 

I   :  3 


Orthodibromobenzene  *  Nitrorthodibromobenzene 

I    :   2 

When   three   dissimilar  radicles  are  introduced,  however,  no  less 


Br :  NO, 
I   :    2 

:Br 
:   4. 

a    I   :   2   : 
Br :  Br : 

S    I   :3  = 
c    I   :  3  : 

3 
NO, 

:  4 

•■  5 

a   1  :  2  . 
b    I   :  2  : 

:  3 

4 
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than  ten  isomeric  modifications  become  possible.  In  tbe  case  of 
the  tetra-derivatives,  when  all  the  radicles  are  the  same,  only  three 
modifications  can  be  produced — viz.,  1:2:3:4,  1:2:4:5, 
and  ]  13:4:5;  but  when  two  or  more  dissimilar  radicles  are 
present,  a  far  greater  number  of  isomerides  are  possible.  Isomeric 
penta-  and  hexa-derivatives  of  benzene  cannot  exist  according  to 
Kekule^s  hypothesis. 

Experimental  Evidence  of  the  Constitution  of  Benzene. — 
Kekule^s  hypothesis  involves  the  assumption  that  the  six  atoms 
of  hydrogen  in  benzene  are  of  equal  value ;  but,  supposing  one  of 
them  to  be  displaced,  the  remaining  five  are  of  dififerent  value 
relatively  to  the  radicle  introduced  :  of  these  five,  two  pairs  bear 
respectively  similar  relations  to  the  radicle,  whilst  there  is  no 
second  atom  of  hydrogen  corresponding  with  the  fifth  (that  in 
the  so-called  para-position).  Thus,  on  inspection  of  the  following 
figure  representing  phenol,  CgHg.OH,  it  will  be  seen  that  the 
pair  of  hydrogen  atoms  marked  2  and  6  are  similarly  situated  as 
regards  the  OH  group,  and  that  a  second  pair  exists  (3  and  5) 
also  similarly  related  to  the  OH  group,  although  the  relation  of 
the  first  and  second  pairs  to  the  OH  group  is  different  ; 


Hr^ 


Becent  researches  show,  moreover,  that  these  assumptions  are 
strictly  in  accordance  with  facts.  It  has  already  been  mentioned 
that  the  existence  of  isomeric  mono-derivatives  of  benzene  has 
never  been  demonstrated,  but  it  is  of  especial  importance  to  note 
that  all  direct  attempts  to  prepare  them  have  failed.  Thus 
Huebner  and  Alsberg  [Ann.  Chem.  Pharm.,  clvi.  308)  have  shown 
that  both  the  bromonitrobenzenes,  CgH^Br.NOg,  obtained  by 
the  action  of  nitric  acid  on  bromobenzene,  CgH^Br,  yield  the 
same  amidobenzene  or  aniline,  CgHg.NHg,  when  they  are 
reduced  to  bromanilines,  and  the  bromine  is  displaced  by  hy- 
drogen ;  and  that  this  aniline  is  identical  with  that  from  nitro- 
benzene, CgHg.NOg.  Even  if,  as  is  probable,  the  same  atom  of 
hydrogen  in  benzene  is  displaced,  whether  it  be  acted  on  with 
bromine  or  nitric  acid,  there  can  be  no  doubt  that  different  atoms 


1292.] 


CONSTITUTION    OF   BENZENE. 


371 


of  hydrogen  are  displaced  by  the  NO^  group  in  the  formation  of 
nitrobenzene^  and  of  the  two  nitrobromobenzenes  from  bromo- 
benzene;  but  as  the  anilines  from  these  three  sources  are 
identical,  it  may  be  concluded  with  certainty  that  at  least  three 
of  the  hydrogen  atoms  in  benzene  are  of  the  same  value,  and  that 
the  others  also  probably  are,  since  it  is  extremely  unlikely  according 
to  our  experience  that,  if  this  were  not  the  case,  identical  substances 
would  be  obtained  in  the  three  instances  above  described ;  thus 
it  will  be  recollected  that  in  the  case  of  the  normal  paraffins,  in 
which  we  regard  the  hydrogen  atoms  as  not  all  relatively  of  the 
same  value,  isomeric  monochlorinated  derivatives  are  obtained  by 
the  action  of  chlorine  (p.  149). 

The  following  experiments  may  be  regarded  as  affording 
decisive  proof  of  the  existence  of  pairs  of  hydrogen  atoms  of  equal 
value.  According  to  Huebner  and  Petermann  {ibid,  cxlix.  129), 
when  metabromobenzoic  acid  is  nitrated,  two  isomeric  orthonitro- 
metabromobenzoic  acids  are  obtained  both  of  which  yield  orth- 
amidobenzoic  acid  on  reduction,  thus  proving  that  two  of  the  atoms 
of  hydrogen  in  benzoic  acid  are  symmetrically  situated  relatively 
to  the  COOH  group,  and  that  therefore  in  the  language  of 
Kekule's  hypothesis,  the  positions  i  :  2  and  i  :  6  are  identical. 
This  will  perhaps  be  better  understood  on  reference  to  the  fol- 
lowing figures : 


COOH  COOH 

f       1       NO. 


\  /Br 

Metabromo-     a-Nitrometabromo- 
benzoic  acid.         benzoic  acid. 


COOH 


/3-Nitrometabromo- 
benzoic  acid. 


NH. 


Orthamidobenzoie      Orthamidobenzoic 

acid  from  a-Nitro-      acid  from  j3-Nitro- 

acid.  acid. 


A  proof  of  the  existence  of  a  second  pair  of  similarly  related 
hydrogen  atoms  is  given  by  Wroblevsky's  recent  experiments 
[Deut.  chem.  Ges.  Ber.,  viii.  573).  He  has  shown  that  by  the 
action  of  bromine  on  the  acetyl-derivative  of  paramidotoluene  (Fig. 
I.  p.  272),  the  corresponding  derivative  of  a  bromoparamidotoluene 
is  obtained,  which  furnishes  metabromo  toluene  (Fig.  11.),  when  the 
amido-group,  NHg,  is  displaced  by  hydrogen.  Starting  with 
this  metabromoparamidotoluene  (Fig.  iii.),  he  has  successively 
converted  it  into  nitrobromamidotoluene  (Fig.  iv.),  nitrobromo- 
toluene  (Fig.  v.),  amidobromotoluene  (Fig.  vi.),  and  amidotoluene 
(Fig.  VII.)  ;  the  amidotoluene  thus  produced  was  found  to  be 
met  amidotoluene,    and    to    furnish    metabromotoluene    (Fig.  viii.), 


272 


CONSTITUTION    OF   BENZENE. 


[1292. 


when  bromine  was  introduced  in  place  of  the  NHg  group.  The 
course  of  this  somewhat  complex  series  of  reactions,  and  the 
nature  of  the  proof  of  the  existence  of  the  meta-position  twice 
which  it  affords,  will  be  evident  on  inspection  of  the  following 
figures  : 

CH3  CH3  CH3  CH3 

/\  /\  /\  /\ 


NO^l^Br 


NO.I^Br 


NH 


NH 


NH„ 


IV. 


VII. 


VIII. 


The  existence  of  two  pairs  of  atoms  of  hydrogen  respectively 
of  equal  value  as  regards  the  radicle  in  any  given  mono-derivative 
of  benzene  having  been  experimentally  demonstrated,  it  may  also 
be  proved  by  experimental  evidence,  as  Ladenburg  has  shown 
(ibid.  vii.  1684),  that  the  six  atoms  of  hydrogen  in  benzene  are 
of  equal  value.  The  proof  in  question  is  based  on  the  following 
propositions : 

I.  The  carboxyl-group  in  benzoic  acid,  CgHg-COOH,  displaces 
the  same  hydrogen  atom,  a,  as  the  hydroxyl-group  in  phenol, 
CgHg.OH,  since  phenol  may  be  converted  by  the  action  of  phos- 
phoric bromide  into  bromobenzene,  CgH.Br,  which  furnishes 
benzoic  acid  on  treatment  with  carbonic  anhydride  and  sodium : 

CgH.Br  +   2Na  +   CO2   =    CgHs.COONa   +  NaBr. 


Bromobenzene. 


6-^-^5' 
Sodic  benzoate. 


3.  In  the  three  oxybenzoic  acids,  CgH^.OH.COOH,  the  OH 
group  displaces  three  hydrogen  atoms,  5,  c,  and  d,  different  from 
a  and  from  each  other.  No  other  reasonable  explanation  of  the 
isomerism  amongst  the  three  acids  in  question  can  be  given  than 
by  supposing  that  the  OH  group  in  them  displaces  three  hydrogen 
atoms,  b,  c  and  d,  differently  placed  relatively  to  a,  and  Beilstein 
has  shown  that  the  benzoic  acid  obtained  by  displacing  the 
OH  group  in  salicylic  and  paraoxybenzoic  acid  by  hydrogen  is 
identical  with  ordinary  benzoic  acid ;  hence  there  can  be  no  doubt 


1292.]  CONSTITUTION    OF    BENZENE.  273 

that  in  these  acids  the  carboxyl  ^roup  displaces  the  hydrogen 
atom  a.  We  may  infer  that  this  is  also  the  case  with  oxybenzoic 
acid,  from  the  fact  that  it  can  be  procured  from  benzoic  acid  by  a 
variety  of  methods. 

3.  The  phenols  from  the  three  oxybenzoic  acids  are  identical 
amongst  themselves  and  with  ordinary  phenol ;  hence  the  four 
atoms  of  hydrogen,,  a,  b,  c,  and  d,  in  benzene  are  of  equal  valuie, 
Ladenburg  has  himself  proved,  by  carefully  comparing  the  phenols 
from  the  several  sources,  that  they  are  identical. 

4.  Since  the  three  atoms  of  hydrogen,  b,  c,  and  c?,  in  benzoic 
acid  cannot  be  symmetrically  situated  with  reference  to  the 
carboxyl  group  which  has  displaced  «,  (inasmuch  as  otherwise 
three  isomeric  oxybenzoic  acids  could  not  be  obtained  by  their 
displacement  by  OH,)  and  it  has  been  proved  that  there  are  two 
symmetrical  pairs  of  hydrogen  atoms  in  any  given  mono-derivative 
of  benzene,  it  follows  that  there  are  two  atoms  of  hydrogen,  e  and 
/,  by  the  displacement  of  which  by  OH,  oxybenzoic  acids  must  be 
obtained  identical  with  those  already  known.  But  according  to 
Huebner  and  Petermann^s  and  Wroblevsky^s  experiments,  the 
acids  which  would  be  thus  formed  are  salicylic  and  oxybenzoic 
acids,  and  these,  it  need  scarcely  be  said,  would  yield  phenols 
identical  with  those  previously  obtained.  It  can  thus  be  shown 
that  we  may  displace  each  of  the  six  atoms  of  hydrogen  in 
benzene  by  OH,  and  yet  always  obtain  the  same  phenol :  hence 

I    only   one    phenol    can    exist,    and    moreover    the   six   atoms  of 
j   hydrogen  in  benzene  are  of  equal  value. 

I  Ladenburg   has   also  recently    shown    beyond  question  that 

mesitylene  is  a  symmetrically  constituted  trimethylbeiizene.      The 

j   six  atoms  of  hydrogen  in  benzene  being  of  equal  value,  if  three 

j  are  displaced  by  methyl  it  will  be  a  matter  of  indifference  which 

!of  the  remaining  three  are  displaced  by  any  given  radicle  if  they 
are   symmetrically  related  to    the   three   methyl- groups ;   but   if 
this  be  not  the  case,  we   may  expect  the   formation  of  isomeric 
substitution   derivatives   of  mesitylene.      Ladenburg,    therefore, 
instituted  the  following  series  of  experiments  : — D'mitromedtylene, 
CgH^Q(N02)2,  prepared  by  the  action  of  nitric  acid  on  mesitylene, 
was  reduced  to  amidonitromesitylene,  C^^^^^O^^i^Yi^,  and  the 
acetyl-derivative  of  the  latter  converted  by  nitration  into  acetamido- 
dinitromesitylene ;    the   amidodinitromesitylene,  C^Y{^(NO^^{^U.,^, 
separated   from   this    compound   was   found  to   be  identical  with 
I  that  obtained  by  reducing  trinitromesitylene,  CgHglNO^^g,  and  to 
I  furnish   dinitromesitylene    identical   with  that   prepared  directly 
from  mesitylene,  when  the  NH^  group  was  displaced  by  hydrogen. 
3  "    T 
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Furthermore^  the  nitromesitylenes ,  CgHj^.NOg, obtained  bynitrating 
mesitylene,  and  by  displacing  the  NH^  group  in  amidonitro- 
mesitylene  by  hydrogen,  were  proved  to  be  identical,  and  by 
nitrating  the  acetyl- derivative  of  amidomesitylenej  Cgll-^y'NH^, 
from  nitromesitylene,  the  acetyl-derivative  of  an  amidonitro- 
mesitylene  was  obtained,  identical  with  that  from  dinitro- 
mesitylene. 

If  we  suppose  that  the  atoms  of  hydrogen,  which  we  may  call 
a  and  b,  are  displaced  by  the  NO^  group  in  the  dinitromesitylene 
directly  prepared  from  mesitylene,  and  that  the  NOg  group 
which  displaces  b  is  that  which  is  reduced  to  NHg  in  the  forma- 
tion of  amidonitromesitylene,  it  then  follows  that  in  the  amido- 
dinitromesitylene  and  dinitromesitylene  obtained  from  amido- 
nitromesitylene,  the  NOg  group  displaces  the  hydrogen  atom  a, 
and  a  third  atom,  which  may  be  called  c.  This  being  the  case, 
the  fact  that  the  nitromesitylene  from  mesitylene  is  identical 
with  that  from  amidonitromesitylene  proves  that  the  hydrogen 
atoms  b  and  c  are  of  equal  value,  because  a  being  displaced  by 
NOg,  the  same  dinitromesitylene  is  obtained  as  when  a  second 
NO2  group  is  introduced  in  place  of  either  b  or  c.  Moreover,  as 
we  have  supposed  that  in  nitromesitylene  from  dinitromesitylene 
the  NOg  group  has  displaced  the  hydrogen  atom  a,  if  in  that 
directly  prepared  from  mesitylene  the  NOg  group  had  displaced 
b  or  c,  the  identity  of  the  nitromesitylene  from  the  two  sources 
would  at  once  prove  that  the  hydrocjen  atoms  a  b  and  a  c 
respectively  are  of  equal  value.  But  even  if  the  NO2  group,  in 
the  nitromesitylene  prepared  directly  from  mesitylene,  also  have 
displaced  a,  the  NHg  group  in  the  amidonitromesitylene  formed 
from  it  would  have  displaced  a  also,  and  the  NOg  group  con- 
sequently would  have  displaced  b  or  c.  Since,  however,  this 
amidonitromesitylene,  a  b  or  a  c,  is  identical  with  that,  a  b,  from 
dinitromesitylene,  it  follows  that  the  three  atoms  of  hydrogen  in 
mesitylene  belonging  to  the  benzene-nucleus  are  of  equal  value, 
or  in  other  words,  that  they  are  symmetrically  related  to  the 
three  methyl  groups.  Consequently  the  methyl  groups  in  mesi- 
tylene are  also  symmetrically  placed,  and  the  only  formula  which, 
according  to  Kekule's  hypothesis,  harmonizes  with  this  conclu- 
sion is  that  already  given,  viz.  : 

H 


CH. 
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It  will  be  evident,  also,  that  Ladenburg's  experiments  afford 
a  further  proof  that  in.  the  me/a-di-derivatives  the  radicles  are  in 
the  position  1:3. 

(1293)  DiPROPARGYL  :  CgHgOrHC  =  C.CH2.CH2.C  =  CH.— 
This  hydrocarbon  is  isomeric  with  benzene,  from  which,  how- 
ever, it  differs  very  widely.  To  prepare  it,  the  tetrabroraohexane 
from  diallyl  or  diallyl  tetrabromide  (1255)  is  distilled  with  a  con- 
siderable excess  of  solid  potassic  or  sodic  hydrate ;  the  elements 
of  two  molecules  of  hydrobromic  acid  are  thus  removed,  and  a 
dibromo diallyl  is  produced. 

CK.CHBi.CHRr  CH.CHzzCHBr 

I  +   2KHO   =    2KBr  +  2OH    4-    1 

CH^.CHBr.CH^Br  CH^.CH^iCHBr 

Diallyl  tetrabromide.  Dibromodiallyl. 

When  this  dibromodiallyl  is  digested  with  an  excess  of  a  con- 
centrated alcoholic  solution  of  potassic  hydrate,  the  elements  of 
two  molecules  more  of  hydrobromic  acid  are  eliminated,  and 
dipropargyl  is  formed  : 

CK.CHzzCHBr  CH,.C=CH. 

I  +    2KHO    =    2KBr    +    2OH,    +    I 

CH^.CHizCHBr  ''        CH„.C=CH. 

Dibromodiallyl.  Dipropargyl. 

Dipropargyl  is  a  mobile,  colourless,  highly  refractive  liquid, 
having  a  peculiar  and  most  penetrating  odour.  It  boils  at  about 
85°  (185°  F.),  and  at  18°  (64%  F.)  has  the  specific  gravity  '81. 
It  burns  with  a  luminous  smoky  flame.  It  is  insoluble  in  water. 
When  added  to  an  ammoniacal  solution  of  cuprous  chloride, 
dipropargyl  produces  a  greenish-yellow  precipitate,  which,  when 
dried  over  sulphuric  acid,  or  at  90° — 100°  (194° — 212°  F.),  has 
the  composition  CgH^(Cu2)H-20H2.  This  compound  explodes  at 
about  100°  (212°  F.)  In  an  aqueous  solution  of  argentic  nitrate 
it  produces  a  white  amorphous  precipitate,  CgH^Agg-f  2OH2, 
which,  on  exposure  to  light,  soon  becomes  pink,  and  then  black ; 
in  the  dry  state,  this  substance  explodes  readily  at  a  temperature 
far  below  100°  (212°  F.).  These  metallic  derivatives  furnish 
dipropargyl  when  treated  with  dilute  mineral  acids. 

When  bromine  is  added  to  dipropargyl,  combination  takes 
place  with  extreme  violence,  and  the  tetrabromide j  CgHgBr^,  is 
produced;  it  is  a  viscid  liquid,  of  the  specific  gravity  2*64  at 
19°  (66°"2  F.),  insoluble  in  water,  but  soluble  in  alcohol  and 
ether.  It  is  decomposed  when  heated,  hydrobromic  acid  being 
given  off,   and    a   carbonaceous    mass   remaining.      Dipropargyl 
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tetrabromide  slowly  combines  with  bromine  in  the  cold,  and 
rapidly  when  the  mixture  is  carefully  heated,  forming  dipropargyU 
octobromide,  CgHgBrg.  The  octobromide  separates  from  ether 
as  a  brilliant  white  crystalline  powder,  but  by  spontaneous  evapo- 
ration of  its  solution  in  carbonic  bisulphide,  distinct  rhombohedrons 
of  considerable  size  may  be  obtained.  It  melts  at  140° — 141° 
(284° — 285°*8  F.),  but  is  not  volatile.  (Henry,  Deut,  chem.  Ges. 
Ber.,  vi.  955 ;  vii.  20.) 

(i  294)  HoMOLOGUEs  OF  Benzene. — Thcsc  are  formed  from  ben- 
zene by  the  displacement  of  one  or  more  atoms  of  hydrogen  by 
the  so-called  radicles  of  the  series  C^Hgn+j.  Up  to  the  present 
time,  however,  no  more  than  four  atoms  of  hydrogen  have  been 
thus  displaced,  and  no  radicle  higher  than  hexyl,  CgH^g,  has  been 
introduced  into  benzene.  The  homologues  of  benzene  may  be 
prepared  in  the  following  manner : 

1.  By  the  action  of  sodium  on  a  mixture  of  a  bromo-  or 
iodoparaffin  with  bromobenzene ;  this  method  gives  rise  to  the 
formation  of  hydrocarbons  of  the  form  CgHg.C^Hgn^j : 

G,H,Br   4.    C„H,,  +  J   +    2Na    =    C,H,.C„H,,+  ,    +    Nal    +    NaBr.      ^ 

C,H,Br   +    CH3I    +    2Na   =    C,H,.CH3    +    Nal   +    NaBr. 
Bromubenzene.  Methylbenzene. 

By  similarly  treating  the  monobromo-derivatives  of  the  hydro- 
carbons of  the  form  C^U^.C^H^^^^,  hydrocarbons  of  the  series 
CgH4(C„H2n+;i)2  are  produced,  and  from  the  monobromo-derivatives 
of  these  hydrocarbons  others  of  the  form  CgH3(CjjH2Q+j3  may  be 
obtained : 

C,H,Br.C,H,,  +  ,  +  C,H,,  + J  +  2Na  =  C,H/C,H,n  4. ,),  +  Nal  +  NaBr. 

C.H^Br.CH,   +    CH3I    +    2Na    =    C.H.ICH^),    +    NaBr    +   Nal. 
Bromomethylbenzene.  Dimethylbenzene. 

C.H^BrCC^H,,,,).   +    C„H,„^,I    =    C,H3(C,H,„^,),   +    NaBr    +    Nal. 
C,H3Br(CH3).,    4-    CH3I    +    2Na   =    C,H3(CH3)3    +    Nal    +    NaBr. 

Bromodimetbylbenzene.  Trimethylbenzene. 

When  several  C^Hgn^^  radicles  are  in  this  way  introduced  into 
benzene,  it  is  not  necessary  that  they  should  all  be  the  same ; 
thus  by  treating  a  mixture  of  bromomethylbenzene  and  ethyhc 
bromide  with  sodium,  an  ethylmethylbenzene  is  produced.  More- 
over, although  the  attempt  has  not  been  made  to  introduce  more 
than  two  different  radicles  into  benzene,  there  can  be  little  doubt 
that  if  the  bromo-derivative   of  ethylmethylbenzene,  for  example, 
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were  acted  on  with  propylic  iodide,  CoH^I,  and  sodium,  a  propyl- 
ethylmethylbenzene  could  be  obtained.  By  employing  isomeric 
bromo-derivatives,  isomeric  hydrocarbons  may  be  produced :  thus 
three  isomeric  bromomethylbenzenes  are  known,  and  from  these, 
by  treatment  with  sodium  and  methylic  iodide,  three  isomeric 
dimethylbenzenes  have  been  prepared. 

The  mo?2obromo-derivatives  of  benzene  and  its  homologues 
have  been  almost  exclusively  employed  in  the  synthetical  pre- 
paration of  the  hydrocarbons  of  the  benzene  series  in  the  manner 
above  described ;  the  only  exceptions  are  the  conversion  of  paradi- 
bromobenzene  into  paradimethylbenzene,  and  of  dibromotoluene 
into  pseudocumene,  by  the  action  of  sodium  and  methylic  iodide. 

It  is  always  necessary  to  dilute  the  mixture  of  haloid  deriva- 
tives before  acting  on  it  with  sodium,  in  order  to  moderate  the 
violence  of  the  reaction ;  about  an  equal  volume  of  dry  ether  free 
from  alcohol  is  therefore  usually  added,  but  in  some  cases  pure 
dry  benzene  is  advantageously  employed  as  the  diluent. 

2.  By  acting  on  a  mixture  of  the  so-called  benzylic  chloride 
with  amylic  bromide  and  sodium  a  hexylbenzene  is  obtained,  and 
doubtless  this  method  will  prove  to  be  of  general  application  for 
the  preparation  of  hydrocarbons  of  the  form  CgHg.CHg.CnHgn^^ : 

CgH^.CH.Cl   +   C^H^iBr   +    2Na  =   C.H^.CH^.C.H,,   +    NaBr    +    NaCl. 

Benzylic  chloride.    Amylie  bromide.  Hexylbenzene. 

3.  A  method  which  is  also  general  consists  in  carefully  dis- 
tilling the  calcic  salts  of  the  acids  of  the  benzoic  series,  or  the 
acids  themselves,  with  calcic  hydrate,  whereby  the  elements  of  a 
molecule  of  carbonic  anhydride  are  removed  i"^ 


Acid  of  Benzoic  series.  Hydrocarbon  of  the  Benzene  series. 

««H.{co;Ca.O:c}<^A  +   Ca(OH),=   2C,H,CH,  +    ^CaCO,. 

Calcic  Toluate.  Toluene. 

4.  When  a  mixture  of  acetone  or  dimethyl  ketone  with  sul- 


*  Fittig  {Ann.  Chem.  Pharm.,  cxlviii.  2)  recommends  that  the  acid  be 
intimately  mixed  with  about  three  times  its  weight  of  burnt  lime,  and  the 
mixture  introduced  into  a  flask,  at  the  bottom  of  which  a  thin  layer  of  lime  has 
previously  been  placed.  A  thin  layer  of  lime  is  also  put  on  top  of  the  mixture. 
At  most  20—30  grms.  of  the  acid  should  be  taken  at  a  time.  The  flask, 
attached  to  a  condenser,  is  suspended  by  the  neck  in  the  centre  of  a  roomy 
charcoal  stove,  which  is  preferable  to  a  gas  flame,  since  it  is  possible  with  it  to 
heat  the  flask  on  all  sides  equally,  and  to  avoid  overheating  it. 
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phuric  acid  is  carefully  distilled,  the   modification  of  trimethyl- 
benzene,  known  as  mesitylene  is  obtained  : 

3CH,.CO.CH3  -  3OH,  =  C,H3(CH3)3. 

Dimethylketone.  Mesitylene. 

In  like  manner,  homolognes  of  mesitylene  may  be  prepared  from 
the  ketones  of  the  form  CHg.CO.CnHgn+j : 

3C,H2„^i.CO.CH3  -   3OH,  =  CeH3(C„H2„^i)3. 

5.   Hydrocarbons  of  the  benzene  series  are  also  produced  in 
various  special  reactions,  which  will  be  described  as  occasion  offers. 

The  following  is  a  complete  list  of  the  hydrocarbons  of  this 
series  as  far  as  they  are  at  present  known  : — 


C.H, 

Benzene       , 

CeH, 

B.  p. 

Cent.  ° 

81 

C,H. 

Methylbenzene  (toluene)        .     .     . 

CaH,(CH3) 

III 

C,H,. 

Ethylbenzene         

Dimethylbenzenes  (xylenes) : 

Paradimethylbenzene    .... 

Metadimethylbenzene  .... 

Orthodimethylbenzene  .... 

CaH,(CA) 

C«H,(CH3), 
CeH,(CH3), 
CA(CH3), 

134 

136—137 

137— 1375 
140— 141 

C.H, 

Propylbenzene        

Isopropylbenzene  (cumene)    .     . 
Parethylmethylbenzene     .... 
Trimethylbenzenes  : 

(1:3:5)  Mesitylene    .... 

(1:3:4)  Pseudocumene  . 

CeH,(C3H,)« 
CeH,(C3H,)^ 
C,H,(CH3)(C,H^) 

CeH3(CH3)3 

157 

151 
161 — 162 

163 
166—167 

C„H,. 

j3-Butylbenzene 

Parapropylmethylbenzene  (cymene) . 

Paradiethylbenzene 

(i  :  3  :  4)  Ethyldi methylbenzene      . 
(1:3:5)  Ethyldiraethylbenzene     . 
(1:2:3:5)  Tetraraethylbenzene    . 
Tetramethylbenzene  (durene)      .     . 

CeH,(C,H,)^ 

CeH,(CH3)(C3H,)« 

CeH,(C,H,), 

CeH3(C,H,)(CH3), 

CeH3(C,H,)(CH3), 

CeH,(CH3), 

CeH,(CH3), 

159 161 

178—179 
178—179 
183-184 
180—182 
192  —  194 
189 191 

*^iiH,8 

/3-Amylbenzene 

^-Amylbenzene 

(1:3:5)  Propyldimethylbenzene    . 
Laurene  (?  propyldimethylbenzene)  . 
(1:3:5)  Diethylmethylbenzene     . 

CeH,(C,Hj^ 
C,H,.CH(C,H,), 

C,H3(C3H,)(CH3), 

C,H3(CH3),(C3H,)^ 

C,H3(CH3)(C,H,), 

^93 

175 — 180 
206 — 210 

188 
198 — 200 

CuH,. 

^-Hexylbenzene C,H,(C,H3)^ 

,8-Amylmethylbenzene      .     .     .     ,^  Cfi.^{C}i^){Cfl^^)P 
(i:3:5)Triethylbenzene     .     .      .  |  C,H3(C,H,)3 

214—215 

213 

217 — 220 

C,3H,. 

^-Amyldimethylbenzene  ....  C^B^iCBXi^^flJ^ 
(1:3:5)  Methyldipropylbenzene    .  CeH3(CH3)(C3H,), 

232—233 
243—248 
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(1295)  Behaviour  of  the  Homologues  of  Benzene  on  Oxidation. 
— The  behaviour  of  the  homologues  of  benzene  on  oxidation  is 
especially  characteristic.  When  the  hydrocarbons  formed  from 
benzene  by  the  introduction  of  a  single  C^H^jj^^  radicle,  or  side 
chain,  as  it  is  often  termed,  are  oxidized,  the  monobasic  acid, 
benzoic  acid,  is  always  produced  ;   thus  : 

C.Hj.CH^  +30  =  C,H,.COOH   +  OH,. 

Methylbenzene.  Benzoic  acid. 

In  the  case  of  those  derivatives  which  contain  several  side 
chains,  however,  polybasic  acids  are  formed,  each  of  the  side 
chains,  whatever  its  complexity,  undergoing  oxidation  to  COOH, 
which  remains  in  combination  with  the  benzene-nucleus,  so  that 
acids  are  usually  obtained  containing  the  same  number  of  COOH 
groups  as  there  were  originally  C^Hgn+j  groups :  paradimethyl- 
benzene,  CgH^(CH3)2,  for  example,  furnishes  terephthalic  acid, 
CgH^(C00H)2,  and  trimethylbenzene  (mesitylene),  CgH3(CHg)3, 
is  oxidized  to  the  acid  CgH3(COOIi)3.  There  can  be  little  doubt 
that  this  reaction  always  takes  place,  and  that  in  the  few  instances 
in  which  the  formation  of  the  acid  thus  related  to  the  hydro- 
carbon has  not  been  observed,  it  is  because  of  its  instability 
under  the  influence  of  the  oxidizing  agent  employed ;  thus  the 
three  isomeric  dimethylbenzenes  furnish  the  three  corresponding 
methylbenzoic  acids,  CgH^(CH3).C00H,  when  oxidized  with 
dilute  nitric  acid,  but,  on  further  oxidation  with  potassic  dichro- 
mate  and  sulphuric  acid  mixture,  ouly  two  of  these  acids  are 
converted  into  the  corresponding  dibasic  phthalic  acids>  the  third 
(or thomethyl benzoic  acid)  being  completely  destroyed.  From 
this- circumstance,  and  as  other  similar  instances  of  the  instability 
of  ortho-derivatives  were  known,  it  was  long  supposed  that  these 
compounds  were  not  capable  of  yielding  the  corresponding  acids ; 
Weith  has  recently  shown,  however  {Deut.  chem.  Ges.  Ber.,  vii. 
1057),  that,  when  orthomethylbenzoic  acid  is  oxidized  with  an 
alkaline  solution  of  potassic  permanganate,  almost  the  theoretical 
quantity  of  phthalic  acid  may  be  obtained. 

The  oxidation  of  the  hydrocarbons  which  contain  several 
side  chains  may  take  place  in  several  stages,  each  radicle,  in  fact, 
being  successively  oxidized  to  COOH,  so  that  as  many  acids  may 
be  obtained  from  a  hydrocarbon  of  the  benzene  series  as  there 
are  side  chains  in  it.  Mesitylene,  for  example,  is  first  oxidized 
to  the  monobasic  mesitylenic  acid,  which  on  further  treatment 
yields  the  dibasic  mesidic  or  uvitic  acid,  and  this  is  finally 
converted  into  the  tribasic  trimesic  acid : 
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C,H3(CH3)3  +  30   =  C,H3(CH3),.COOH  +  OH,. 

Mesitylene.  Mesitylenie  acid. 

C,H3(CH3),.COOH  +  30  =  C,H3(CH3)(COOH),  +   OH,. 

Mesitylenie  acid.  Mesidic  acid. 

C,H3(CH3)(COOH),  +  30  =  C,H3(COOH)3  +  OH,., 

Mesidic  acid.  Trimesic  acid. 

Benzene  is  obtained  on  distilling  mesitic  acid  with  calcic 
hydrate,  proving  that  in  mesitic  acid  all  the  side  chains  are 
oxidized  ;  from  this  it  is  evident  that  oxidation  affords  a  most 
valuable  means  of  determining  the  constitution  of  any  hydro- 
carbon of  the  benzene  series.  When  hydrocarbons  containing 
different  radicles  are  oxidized,  the  least  stable  of  these,  which  is 
usually  the  most  complex,  is  first   attacked  ;  thus   propylmethyl- 

benzene  or  cymene,  C^H^  1  p  tI    i  ^  f^^^i^hes  methylbenzoic  acid, 

the  propyl  group  being  first  oxidized  to  COOH.  This  result, 
however,  probably  depends  on  the  nature  of  the  oxidizing  agent 
employed,  since  it  has  been  shown  (Nencki  and  Ziegler.  Deut.  chem. 
Ges.  Ber.f  v.  749)  that  when  cymene  is  taken  internally  either  by 
dogs  or  human  beings,  it  is  oxidized  and  voided  with  the  urine  in 
the  form  oi  propylbenzoic  or  cumic  acid,  CgH^(C3H^).C00H ;  in 
this  case,  therefore,  the  methyl  group  is  oxidized  first,  but  no 
similar  result  has  ever  been  obtained  with  artificial  oxidizing 
agents. 

Our  knowledge  with  regard  to  the  complementary  products 
which  are  formed  by  the  oxidation  of  the  C^Hgn+i  radicle  is 
at  present  extremely  limited,  it  being  only  known  that  propyl- 
methylbenzene  furnishes  paratoluic  and  acetic  acids : 

C.H.{ch:.CH,CH,    +    50    =    Ca{co6h    +    CH,COOH    +   OH,, 

Ptopylmethylbenzene.  Paratoluic  acid.  Acetic  acid. 

and  that  /3-amylbenzene  yields  isobutyric  acid  in  addition  to 
benzoic  acid : 

C,H,.CH,.CH,.CH(CH3)2  +  50  =  €,H,.COOH  +  CH(CH,),.CCOH  f  0H„. 

/3-Amylbenzene.  Benzoic  acid.     '  Isobutyric  acid. 

But  from  these  results,  and  guided  also  by  analogy,  it  may 
be  inferred  that  if  the  C^Hgn+i  radicle  be  a  primary  radicle  of  the 
form  C^Hgn+i.CHg,  by  its  oxidation  an  acid  of  the  acetic  series 
will  be  produced  containing  one  atom  of  carbon  less,  in  the 
manner  indicated  by  the  following  general  equation  ; 
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C,H,(CH,.C,H,„^,)   +   50   =   C,H^.0OOH   +   CA,0,  +   OH,. 

Hydrocarbon  of  the  Benzene  Benzoic  acid.  Acid  of  the 

acetic  series. 


C,H,(CH,.C„H^,  +  J,   +    loO   =    C,H^(COOH),    +    2C,H,,0,   +    2OH,. 

Hydrocarbon  of  the  Benzene  Acid  of  the  Acid  of  the 

series.  Phthalic  series.  acetic  series. 

(1296)  Action  of  Hydrogen  on  the  Homologues  of  Benzene. — 
According  to  Berthelot,  when  the  hydrocarbons  of  the  benzene 
series  are  heated  with  a  saturated  solution  of  hydriodic  acid 
to  280°  (536°  F.)  for  24  hoursj  they  are  ultimately  converted 
into  the  corresponding  paraffins.  Baeyer  has  shown  [Deut.  chem. 
Ges.  Ber.,  i.  12  ;  ii.  21),  however,  that  dry  hydriodic  acid"^  has  no 
action  on  benzene  even  at  350°  (662°  F.),  but  that  methylbenzene 
takes  up  two  atoms  of  hydrogen,  dimethylbenzene  four  atoms  of 
hydrogen,  and  trimethylbenzene  (mesitylene)  six  atoms  of 
hydrogen  when  submitted  to  its  action  at  the  same  temperature 
as  that  employed  by  Berthelot.  The  difference  in  the  results 
obtained  by  these  two  chemists  is  perhaps  attributable  to  the 
presence  of  iodine,  when  aqueous  hydriodic  acid  is  employed. 

(1297)  Action  of  the  Halogens  on  the  Homologues  of  Benzene. — 
Additive  compounds  with  chlorine  and  bromine  corresponding 
with  those  formed  from  benzene  have  not  been  obtained  from 
the  homologues  of  benzene;  they  are,  however,  all  readily  acted 
on  by  chlorine  and  bromine,  but  the  nature  of  the  products 
varies  considerably  according  to  the  conditions  under  which  the 
action  takes  place.  Thus  when  chlorine  is  passed  into  cooled 
toluene,  CgHg.CHg,  a  chlorotoluene  is  produced  which  is  isomeric 
with  that  formed  by  the  action  of  chlorine  on  the  boiling  hydro-, 
carbon;  the  latter  being  converted  by  the  action  of  oxidizing 
agents  into  benzoic  acid,  CgHg.COOH,  and  the  former  into 
chlorohenzoic   acid,  C^H.Cl.COOH.      This  behaviour  shows  that 

•'6       4 

in  the  one  case  the  chlorine  has  displaced  hydrogen  in  the 
CgH.  group,  and  in  the  other  in  the  CHg  group ;  the  two  com- 
pounds are  therefore  represented  respectively  by  the  formulae 
CgH.Cl.CH,  and  CgHg-CH^Cl.  The  compound  CgHg.CH.Cl, 
which  is  commonly  known  as  benzylic  chloride,  readily  exchanges 
its  chlorine  for  other  radicles  :  thus  when  heated  with  potassic 
acetate,  it  is  converted  into  benzylic  acetate,  CgH5.CH2(C2H302), 
which  on  saponification  furnishes  benzylic  alcohol,  CgH5.CH2(OH) ; 
and  in  this  respect  the  behaviour  of  benzylic  chloride  is  completely 
analogous  with  that  of  the  mono-haloid  derivatives  of  the  paraffins. 


*  He    employed   phosphonic   iodide,    PH^I,    which   is    decomposed  when 
heated  into  hydnodiu  aeid  aiud  phospliiue,  PH^. 
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The  compound  CgH^Cl.CHg,  however,  does  not  enter  into  reactions 
of  donble  decomposition,  and  is  a  much  more  stabl^  body  than 
benzylic  chloride.  Again,  if  the  action  of  chlorine  on  toluene 
takes  place  in  presence  of  iodine,  antimouic  pentachloride,  or 
molybdenic  pentachloride,  chlorotoluene  alone  is  produced  even 
when  the  toluene  is  heated  to  boiling,  and  by  the  continued  action 
of  chlorine  under  these  circumstances,  the  five  atoms  of  hydrogen 
in  the  CgH^  group  in  toluene  may  be  successively  displaced  by 
chlorine,  and  a  series  of  bodies  obtained  having  properties  similar 
to  those  of  chlorotoluene.  On  the  other  hand,  when  chlorine 
acts  on  boiling  benzylic  chloride  the  two  remaining  atoms  of 
hydrogen  in  the  CH3  group  in  toluene  become  displaced,  and  the 
compounds  CgHg.CHClg  and  CgHg.CClg  are  formed,  which  also, 
like  benzjdic  chloride,  readily  yield  up  their  chlorine  in  exchange 
for  other  elements.  By  treating  benzylic  chloride  with  chlorine 
in  presence  of  iodine,  or  by  chlorinating  boiling  chlorotoluene, 
the  compound  CgH^Cl.CHgCl  is  formed,  which  is  isomeric  with 
the  dichlorotoluene,  CgHgClg.CHg,  obtained  by  chlorinating  toluene 
in  presence  of  iodine,  and  the  compound  CgHg.CHClg,  produced 
by  chlorinating  boiling  benzylic  chloride ;  the  compound 
CgH^Cl.CHgCl  exchanges  only  one  of  its  atoms  of  chlorine  for 
other  radicles,  and  is  thus  intermediate  in  its  behaviour  between 
CgH3Cl2.CH3  and  CgH^.CHClg. 

The  only  explanation  which  can  be  offered  at  present  of  this 
remarkable  difference  in  the  action  of  chlorine,  is  that  when  it 
acts  on  boiling  toluene,  hydrogen  in  the  CHg  group  is  directly 
displaced^  as  it  is  when  the  paraffins  are  similarly  treated ;  but 
that  when  the  action  takes  place  in  the  cold,  or  in  the  presence 
of  any  of  the  above  mentioned  substances,  an  additive  compound 
is  first  produced,  which,  however,  rapidly  loses  haloid  acid  and  is 
converted  into  the  chloro-derivative.  According  to  this  view, 
the  action  of  chlorine  on  toluene  at  a  low  temperature  may  be 
illustrated  by  the  following  diagrams : 

CH3 

/\ 

HC  CH 

II  I      +C1,  ^ 

HC  CH 

\./' 

H 

Toiuene. 


CH3 

CH3 

IC           CH 

/  V 

HC           CH 

1         = 

+  HCl, 

IC           CHCl 

HC           CH 

\/ 

\^ 

HCl 

CI 

Toluene  diohloride. 

Chluio^oluene. 
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The  homologues  of  toluene  exhibit  a  precisely  similar  beha- 
viour with  chlorine.  The  action  of  bromine  on  the  homologues 
of  benzene  is  also  similar  to  that  of  chlorine  ;  the  action  of  iodine 
alone,  however,  does  not  give  rise  to  the  formation  of  iodo-deri- 
vatives.  By  continuing  the  action  of  chlorine  in  presence  of 
iodine  on  the  homologues  of  benzene  the  whole  of  the  hydrogen 
may  be  displaced,  but  these  per  chlorinated  derivatives  readily 
break  up  under  the  influence  of  the  chlorine  in  such  a  manner 
that  hexachlorohenzene,  CgClg,  is  always  produced  together  with 
the  perchlorinated  paraffin,  or  its  products  of  decomposition  by 
chlorine,  corresponding  with  the  side  chain  ;  thus  toluene, 
CgHg.CHg,  is  converted  into  hexachlorobenzene,  CgClg,  and  tetra- 
chloromethane,  CCl^,  whilst  cymene,  CgH^(CH3)(C3H^),  furnishes 
hexachlorobenzene,  tetrachloromethane,  and  octochloropropane 
CgClg  (Krafi't  and  Merz,  Deut.  chem.  Ges.  Ber.,  viii.  1296). 

(1298)  Action  of  Nitric  and  Sulphuric  Acids  on  the  Homologues 
of  Benzene. — The  hydrocarbons  of  the  benzene  series  are  all 
converted  by  the  action  of  concentrated  nitric  acid  into  nitro- 
derivatives,  one  or  more  atoms  of  hydrogen  in  the  benzene  nucleus 
being  displaced  by  the  monad  NO3  group ;  but  when  the  homo- 
logues of  benzene  are  boiled  with  dilute  nitric  acid,  they  undergo 
oxidation,  the  side  chains  alone  being  aflPected. 

The  action  of  concentrated  sulphuric  acid  on  benzene  and 
its  homologues  leads  to  the  production  of  sulpho-acids,  one  or 
more  atoms  of  hydrogen  in  the  benzene  nucleus  being  displaced 
by  the  monad  group  SO^-OH. 

(1299)  Methylbenzene  or  Toluene:  C^HgOr  CgHg.CH3.  =  92. 
— Toluene  is  produced  by  the  action  of  sodium  on  a  mixture  of 
bromobenzene  and  iodomethane  or  methylic  iodide  :  CgHgBr-f 
CH3l  +  2Na=CgH5.CH3  +  NaH-NaBr;  by  distilling  the  isomeric 
methylbenzoic  or  toluic  acids  with  an  excess  of  calcic  hydrate : 
CgH/(CH3) .COOH  +  Ca(0H)3  =  CgH5.CH3  +  CaC03  +  OH^;  and  by 
heating  benzylic  alcohol  with  a  concentrated  alcoholic  solution  of 
potassic  hydrate,  and  then  distilling:  when  the  whole  of  the  alcohol 
has  passed  over,  and  the  residue  has  become  solid,  the  toluene 
distils  over  mixed  with  undecomposed  benzylic  alcohol  (Canniz- 
zaro) : 

CgH,.CH2(0H)  +  KHO  =  CgH^.COOK  +  CgH^.CHg  +  2OH2. 

Benzylic  alcohol.  Potassic  benzoate.  Toluene. 

Toluene   is    a   product  of   the   dry   distillation   of   tolu- balsam 
and  many  other  resins,  but  it  is  almost  always  prepared  by  the 
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fractional  distillation  of  that  portion  of  coal  oil  which  boils  at 
about  ioo°— 120°  (212°— 248°  F.). 

Toluene  is  a  colourless  liquid  closely  resembling  benzene  in 
its  physical  properties,  but  does  not  solidify  even  when  cooled 
to-20°  (-4°  F.) ;  it  boils  at  11  i°(23i°-8  F.),  and  at  o""  (32°  F.)  has 
the  sp.  gr.  o'882.  When  oxidized  with  chromic  or  dilute  nitric 
acid,  it  furnishes  benzoic  acid ;  and  if  heated  to  260°  (500°  F.)  with 
iodine,  benzyltoluene,  CgHg.CHg.CgH^.CHg,  together  with  ben- 
zene and  the  hydrocarbon  C^gHg^  are  formed  (Schiitzenberger, 
Deut.  chem.  Ges.  Ber.,  v.  1109). 

(1300)  Hydrocarbons  :  CgHjQ=  106. — Four  hydrocarbons  of 
this  composition  are  known,  viz.,  Ethylbenzene,  and  three  isomeric 
dimethylbenzenes  or  xylenes. 

Ethylbenzene  or  Ethylphenyl,  CgHg.CgHg,  is  obtained  by 
the  action  of  sodium  on  a  mixture  of  bromobenzene  and  brom- 
ethane  or  ethylic  bromide  diluted  with  ether.  The  following  di- 
rections for  its  preparation  are  given  by  Fittig  and  Konig  {^Ann. 
Chem.  Pharm.,  cxliv.  277). 

Ordinary  ether  is  allowed  to  remain  in  contact  with  a  considerable  amount 
of  calcic  chloride  for  twenty-four  hours ;  a  quantity  about  double  the  volume  of 
the  mixed  bromides  is  then  introduced  into  a  flask,  and  sodium  is  added  cut  in 
very  thin  slices,  about  i^  times  as  much  as  is  theoretically  required  for  the  decom- 
position of  the  bromides  (p.  276),  The  flask  is  connected  with  a  reversed  condenser, 
and  is  placed  in  a  large  vessel  filled  with  cold  water.  At  first  a  violent  evolu- 
tion of  hydrogen  is  observed,  but  after  a  few  hours  this  entirely  ceases,  the  tem- 
perature of  the  water  is  then  reduced  to  0°  (32°  F.)  by  means  of  ice,  and  the 
carefully  dried  mixture  of  bromides  is  added.  A  slight  excess  (about  one-fourth 
more  than  the  theoretical  amount)  of  the  ethylic  bromide  should  be  taken.  As 
a  rule  the  action  soon  sets  in,  which  may  be  known  by  the  pieces  of  sodium 
becoming  blackened  and  sinking  to  the  bottom,  but  sometimes  the  sodium  re- 
mains bright  for  a  day  or  more.  When  the  action  has  once  commenced, 
however,  it  is  soon  completed,  usually  in  one  to  two  hours;  during  this  time 
great  care  must  be  taken  that  the  temperature  of  the  water  does  not  rise,  for  so 
much  heat  is  evolved  that  notwithstanding  the  cooling,  the  ether  boils,  and  in 
part  distils  over.  The  more  quietly  and  slowly  the  action  takes  place,  the  greater 
is  the  yield,  so  that  it  is  also  desirable  on  this  account  not  to  operate  with 
larger  quantities  than  100  grams  of  bromobenzene.  When  the  reaction  is  com- 
pleted, the  ether  is  distilled  oiF  on  the  water-bath  ;  the  flask  is  then  suspended 
by  the  neck,  and  the  product  is  rapidly  distilled  off  over  a  bare  flame.  Care 
must  be  taken  not  to  heat  the  bottom  of  the  flask  too  strongly  at  first ;  and,  in 
fact,  the  operation  succeeds  best  when  the  heat  is  applied  by  waving  a  large  gas 
flame  round  and  round  the  flask,  so  that  only  its  sides  are  heated.  In  this  way 
it  is  possible  to  avoid  the  breaking  of  the  flask,  which  usually  occurs  when  a 
sand-bath  or  wire  gauze  is  used.  The  distillate  consists  almost  entirely  of 
ethylbenzene,  and  is  purified  by  fractional  distillation.  A  similar  course  is  to  be 
recommended  in  the  preparation  of  other  homologues  of  benzene. 

Ethylbenzene  is  a  colourless  mobile  liquid  resembling  toluene  ; 
it  boils  at  134°  (273°'2  F).,  and  at  22°-5  (72°'5  F.)  has  the  sp.  gr. 


1300.]  XYLENE.  285 

0*8664.  When  oxidized  with  potassic  dichromate  and  sulphuric 
acid  mixture,  or  with  dilute  nitric  acid  (i  vol.  of  nitric  acid  of  sp. 
gr.  1*4  and  2  vols,  water),  it  yields  benzoic  acid: 

C,H,.C,H,   +  3O,  =   C,H,.COOH   +   CO,  +  2OH,. 

Ethylbenzene.  Benzoic  acid. 

Paradimethylbenzene  or  Paraxylene  :  CgH^(CH3)2,  (CH3 :  CH3 
=  ]  :  4). — This  hydrocarbon  is  obtained  by  the  action  of  sodium 
on  a  mixture  of  crystalline  parabromotoluene  and  methylic 
iodide,  diluted  with  pure  benzene  (Jannasch,  Ann.  Chem.  Pharm., 
clxxi.  79),  or  on  a  mixture  of  crystalline  paradibromobenzene 
and  methylic  iodide,  diluted  with  ether  (V.  Meyer,  ibid.  clvi.  282). 
It  crystallizes  when  pure  in  large  monoclinic  prisms,  which  melt  at 
15°  (59°  F.) ;  it  boils  at  136°— 137°  (276°-8— 278^-6  F.)  (Jannasch). 
Paradimethylbenzene  is  readily  oxidized  by  dilute  nitric  acid  to 
paramethylbenzoic  or  paratoluic  acid,  CgH^(CH3).C00H,  and  by 
chromic  acid  to  terephthalic  acid,  CgH^  (COOH^g. 

Metadimethylbenzene  or  Metaxylene  :  Q^H^{Cil.^^,  (CH3  :  CH3 
=  1  :  3). — Xylene  or  xylol,  from  coal  tar  (the  portion 
boiling  at  136^^—140°  (276°-8 — 284°  F.),  contains  para-  and 
metaxylene  in  variable  proportions,  but  usually  consists  mainly  of 
metaxylene ;  other  hydrocarbons,  however,  are  present,  the  nature 
of  which  is  unknown  (Fittig,  ibid,  cliii.  273).  Pure  metaxylene  is 
obtained  by  distilling  xylic  or  mesitylenic  acids,  CgH3(CH3)2.COOH, 
with  calcic  hydrate  (Fittig  and  Bieber,  ibid.  clvi.  235 ;  Fittig  and 
Velguth,  cxlviii.  1).  It  boils  at  137° — 137°'5  (278°'6 — 279°'5  F.). 
Metaxylene  is  not  oxidized  by  dilute  nitric  acid,  but  is  slowly 
converted  by  oxidation  with  chromic  acid  into  isophthalic  acid, 
CeH,(COOH),. 

Xylene  from  coal  tar  has  a  peculiar  faint  odour  different  from 
that  of  benzene  ;  its  specific  gravity  at  19°  (66°' 2  F.)   is  o*86. 

Orthodimethylbenzene  or  Orthoxylene  :  CgH^(CH3)2,  (CH3  :  CHg 
=  1  :  2),  is  obtained  by  the  action  of  sodium  on  a  mixture 
of  orthobromotoluene  and  methylic  iodide ;  and  by  distilling 
paraxylic  acid,  CgH3(CH3)2.COOH,  with  calcic  hydrate.  It  is  a 
colourless  limpid  liquid  like  its  isomerides,  but  has  a  much  less 
pleasant  odour,  and  boils  at  140° — 141°  (284° — 285°-8  F.). 
Dilute  nitric  acid  oxidizes  it  to  orthomethylbenzoic  or  orthotoluic 
acid,  but  it  is  entirely  decomposed  when  oxidized  with  chromic 
acid  (Fittig  and  Bieber,  ibid.  clvi.  239). 

The  three  isomeric  dimethylbenzenes  are  characterized  and 
distinguished  not  only  by  their  oxidation  products,  but  also  by 
their  behaviour  with  nitric  acid :  when  treated  with  a  mixture  of 
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concentrated  nitric  and  sulphuric  acids,  para-  and  metadimethyl- 
benzene  are  readily  converted  into  crystalline  /nm/ro -derivatives, 
the  change  taking  place  even  at  the  ordinary  temperature,  if 
allowed  to  stand  some  time ;  orthodimethylbenzene,  however,  is 
only  converted  with  extreme  difiBculty  into  crystalline  nitro- 
derivatives,  it  being  necessary  to  warm  it  for  8  to  10  hours 
with  the  acid  mixture  in  order  to  obtain  them.  Trinitropara- 
and  metaxyleue  are  readily  distinguished,  since  the  latter  is  much 
less  soluble  in  alcohol  than  the  former,  and  melts  at  177° 
(350°'6  F.),  trinitroparadimethylbenzene  melting  at  137° 
{278°-6  F.). 

(1301)  Hydrocarbons,  Qfi^^=v2o. — Several  of  these  have 
been  obtained — viz.,  Propylbenzene,  Isopropylbenzene,  Ethyimethyl- 
benzene,  and  two  Trimethy (benzenes. 

Propylbenzene  :  CgH^.CHg.CHg.CHg,  is  obtained  by  the  action 
of  sodium  on  a  mixture  of  bromobenzene  and  propylic  bromide. 
It  is  a  colourless,  pleasant  smelling  liquid,  which  boils  at  157° 
(3i4°'6  F.)  ;  when  oxidized  it  yields  benzoic  acid. 

Isopropylbenzene  or  Cumene  :  CgH5.CH(CH3)2. — Whencumic 
acid,  CgH^(C3Hy).C00H,  is  distilled  with  calcic  hydrate,  a  hydro- 
carbon of  the  composition  CgH^g  is  obtained,  boiling  at  151° 
(303°8  F.),  which,  like  the  synthetically  prepared  propylbenzene, 
is  converted  into  benzoic  acid  by  oxidation  :  it  is,  therefore,  con- 
cluded that  cumene  from  cumic  acid  is  an  isopropylbenzene. 
The  attempts,  however,  to  prepare  it  by  Fittig's  method  from 
bromobenzene  and  isopropylic  iodide  have  failed  until  recently  ; 
Jacobsen  {Deal.  chem.  Ges.  Ber.,  viii.  1260)  finds,  however,  that 
if  slices  of  sodium  are  introduced  into  isopropylic  iodide,  which 
is  then  covered  with  a  layer  of  a  solution  of  bromobenzene  in  six 
times  its  volume  of  pure  ether,  and  the  mixture  left  at  rest,  action 
gradually  takes  place.  If  the  mixture  is  then  boiled  for  a  few 
hours,  and  afterwards  distilled,  the  unattacked  iodide  passes  over, 
together  with  much  diphenyl,  and  a  very  small  quantity  of  a 
fraction  boiling  at  145° — 155°  (293° — 311°  F.).  When  this  is 
fractionally  distilled,  and  the  portion  boiling  at  about  150° 
(302  F.)  is  treated  with  sulphuric  acid,  a  sulpho-acid  is  formed 
yielding  salts  which  differ  from  those  of  propylbenzenesulphonic 
acid,  but  are  precisely  similar  to  those  furnished  by  the  sulpho- 
acid  of  cumene  from  curaic  acid. 

Ethylmethylbenzene :  CHg.CgH^.CgHg. — By  the  action  of  sodium 
on  a  mixture  of  bromotoluene  and  ethylic  bromide,  Glinzer  and 
Fittig  {Ann.  Chem.  Pharm.,  cxxxvi.  312)  obtained  an  ethylmethyl- 
benzene boiling  at  159°   (3i8°-2  F.),  of  the  sp.  gr.  0-8652  at  21° 
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(69°- 8  ¥.),  whicli  gave  terephthalic  acid  on  oxidation.  Tlie 
bromotoluene  employed  was  that  directly  produced  by  the  action 
of  bromine  on  cooled  toluene,  but  as  it  has  since  been  shown 
that  this  is  a  mixture  of  parabromotolueue  with  more  or  less 
orthobromotoluene,  there  can  be  little  doubt  that  the  hydro- 
carbon obtained  was  a  mixture  of  para-  and  orthethyl methyl- 
benzene.  Pure  parethylmethylbenzene  has  been  prepared  by 
Jannasch  and  Dieckmann  (Deut.  chem.  Ges.  Ber.,  vii.  ^^i'^)  by 
the  action  of  sodium  on  a  mixture  of  crystalline  parabromotolueue 
and  ethylic  iodide,  diluted  with  benzene.  It  boils  at  i6i° — 162° 
{32i°8— 323°-6  F.),  and  does  not  solidify  at  -20°  (-4°  F.) ; 
when  oxidized  with  dilute  nitric  acid,  it  gave  pure  paratoluic 
acid. 

According  to  Wroblevsky  {ibid.  viii.  573),  metabromotoluene 
is  converted  into  metethylmethylbenzene  by  the  action  of  ethylic 
bromide  and  sodium.  This  hydrocarbon  furnishes  isophthalic 
acid  on  oxidation. 

Mesitylene  {Trimethylbenzene)  :  CgH3(C  113)3,  (^^s  '  ^^^3  • 
CH3=i  :  3  :  5). — This  hydrocarbon  has  not  been  obtained  from 
benzene  by  synthesis,  but  is  always  prepared  by  distilling  acetone 
with  sulphuric  acid. 

The  following  is  the  method  of  proceeding  recommended  by 
Firtig  and  Briickuer  (Ann.  Chem.  Pharm.,  cxWii.  42). 

A  quantity  of  dry  sand  is  placed  in  a  large  tubulated  retort,  and  i  vol.  of 
commercial  acetone  is  added ;  a  cooled  mixture  of  I  vol.  coiicentrated  sulphuric 
acid  and  ^  vol.  water  is  then  introduced  in  a  slow  continuous  stream,  and  the  mix- 
ture allowed  to  stand  during  at  least  24  hours.  The  retort  is  then  connected  with 
a  condenser,  and  the  distillation  commenced  ;  at  first  acetone  and  water  pass  over. 
When  oily  streaks  are  observed  in  the  upper  part  of  the  retort  the  receiver  is 
changed  ;  a  yellow  coloured  oil  then  distil.^,  consisting  chiefly  of  mesitylene.  The 
distillation  is  continued  as  long  as  oil  passes  over.  At  a  certain  period  of  the  pro- 
cess, an  evohition  of  sulphurous  acid  sets  in,  and  the  contents  of  the  retort  become 
of  a  deep  indigo-blue  colour,  which  only  disappears  towards  the  close  of  the 
operation.  The  crude  oil  is  washed  with  sodic  hydrate  solution,  and  with  water  ; 
dried  with  calcic  chloride,  and  fractionally  distilled  from  metallic  sodium. 
Although  the  yield  is  small  in  proportion  to  the  amount  of  acetone  employed, 
it  is  possible  by  working  with  3  or  4-reterts  at  a  time  to  prepare  without  diffi- 
culty a  pound  of  pure  mesitylene  in  a  week. 

When  allylene  gas  (1252)  is  passed  into  concentrated  sul- 
phuric acid,  it  is  absorbed,  and  on  adding  a  small  quantity  of 
water,  and  distilling,  mesitylene  is  obtained  (Fittig  and  Schrohe, 
ibid.  viii.  17  and  367). 

The  portion  of  coal-tar  oil  which  boils  at  164° — 167° 
327°-2 — 332°-6  F.)  consists  chiefly  of  mesitylene.  Mesitylene  is 
also  present  amongst   the  hydrocarbons  obtained  by  the  action 
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of  zincic  chloride  on  camphor  (Fittig  and  Wackenroder^  ibid.  cli. 
292). 

Mesitylene  is  a  colourless,  mobile,  highly  refractive  liquid  of 
peculiar,  not  unpleasant  odour;  it  boils  at  163°  (325°'4  F.). 
When  oxidized  with  a  mixture  of  potassic  dichromate  and  sul- 
phuric acid,  it  yields  acetic  acid  only,  and  is  thus  distinguished 
from  all  the  other  known  hydrocarbons  of  the  benzene  series. 
If  treated  with  dilute  nitric  acid,  however,  it  is  converted  into  a 
mixture  of  mesitylenic  acid,  CgH3(CH3")o(COOH),  and  mesidic  or 
uvitic  acid,  CgH3(CH3)(COOH)2 ;  and  these  acids  when  oxidized 
with  chromic  acid  readily  furnish  trimesic  acid,  CgH3(COOH)3. 
When  it  is  heated  with  phosphonic  iodide,  PH^I,  to  280°  (^^6°  F.), 
it  is  converted  into  a  hydrocarbon  of  the  CnH2n  series,  C^H^g, 
which  boils  at  138°  (28o°*4  F.)  (Baeyer). 

Paeudocumene  [Trimethylbenzene) :  CgH3(CH3)3,(CH3 : CHg :  CH3 
=  1:3  14). — Pseudocumene  has  been  prepared  by  the  action  of 
sodium  and  methylic  iodide  on  the  monobromo-derivatives  of  the 
three  isomeric  dimethylbenzenes,  and  on  the  dibromotoluene  pre- 
pared by  the  action  of  bromine  on  toluene  in  presence  of  iodine 
(Fittig  and  Laubinger,  ibid.  cli.  257;  Fittig  and  Jannasch,  ibid, 
cli.  283;  Jannasch,  ibid,  clxxvi.  283).  It  is  also  a  constituent 
of  the  portion  of  coal-tar  oil  boiling  at  164° — 167°  (327^'2 — 
332°-6  F.). 

Pure  pseudocumene  from  crystalline  bromoparaxylene  boils 
at  166° — 167°  (330°-8 — 332°  6  F.),  and  does  not  solidify  at  —20° 
(  —  4°  F.)  (Jannasch).  When  oxidized  with  dilute  nitric  acid, 
pseudocumene  furnishes  a  mixture  of  the  two  isomeric  monobasic 
acids,  ocylic  acid  and  paraxylic  acid,  CgH3(CH3)2(COOH),  with  the 
dibasic  wylidic  acid,  CgH3(CH3)(COOH)2.  By  the  action  of  a 
mixture  of  concentrated  nitric  and  sulphuric  acids,  pseudocumene 
is  converted  into  a  crystalline  trinitro-derivative,  Cg(CH3)g(N02)3, 
which  melts  at  185°  (329°  F.),  and  is  thus  distinguished  from  mesi- 
tylene,which  when  similarly  treated  yields  trinitromesitylene,  melt- 
ing at  232°  (449°"6  F.)  ;  moreover,  trinitropseudocumene  is  readily 
reduced  by  ammonic  sulphide, and  converted  into  nitroamido- 
pseudocumene,  CgH(CH3)3(N02)(NH2),  whilst  trinitromesitylene 
is  converted  into  dinitroamidomesitylene,  Cg(CH3)3(N02)2(NH2),by 
the  same  reagent. 

(1302)  Hydrocarbons:  C^^-^^—i'^^. — No  less  than  seven  of 
these  are  known,  viz.  :  j^-Butylbenzene,  P arapropy Imethylbenzene 
or  Cymene,  Paradiethylbenzene,  two  isomeric  Ethyldimethylben- 
zenes,  and  two  isomeric  Tetramtihylbcnzenes. 

^'Butylbenzene  :    CJ^^.QB^.QYL{Qi:{^^.  —  This    hydrocarbon    is    obtained 
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although  only  in  small  quantity,  by  the  action  of  sodium  on  a  mixture  of 
bromobenzene  and  isoprimary  butylic  bromide,  and  more  easily  by  its  action  on 
a  mixture  of  benzylic  chloride  and  isopropylic  iodide.  It  boils  at  159° — i6i° 
(3i8°'2 — 32i°*8  F.);  it  is  converted  into  benzoic  acid  by  oxidation  (Riess, 
JDeut.  chem.  Ges.  Ber.,  iii.  779). 

(CH 
p  TT  3  (CH3  :  C3H- 

=  1  : 4). — Cymene  exists  together  with  terpenes  in  a  number  of 
the  so-called  essential-oils"^  (1278)^  such  as  oil  of  cumin,  the  oil  of 
the  Ptychotis  Ajowarij  the  oil  of  the  water  hemlock  (Cicuta 
virosa),  the  oil  of  the  Eucalyptus  globulus,  oil  of  nutmeg,  &c. 
It  may  be  obtained  by  the  action  of  sodium  on  a  mixture  of  crys- 
talline parabromotoluene  and  normal  propylic  bromide  (Fittica, 
Ann.  Chem.  Pharm.,  clxxii.  320) ;  and  it  is  thus  proved  that  cymene 
contains  normal  propyl,  and  that  it  is  a  member  of  the  para-  series 
of  di- derivatives  of  benzene  :  the  latter  conclusion  may  also  be 
inferred  from  the  conversion  of  cymene  into  terephthalic  acid  by 
oxidation.  Cymene  may  be  prepared  by  the  action  of  phosphoric 
anhydride,  pentasulphide,  or  pentachloride,  or  of  zincic  chloride, 
on  camphor  and  several  other  oxygenated  bodies  of  the  com- 
position C^qHj^O,  present  in  various  essential  oils  (viz. :  myris- 
ticol  from  oil  of  nutmeg,  and  absinthol  from  oil  of  wormwood)  ; 
in  these  cases  the  action  amounts  simply  to  the  withdrawal  of 
the  elements  of  a  molecule  of  water  from  the  oxygenated  body, 
but  when  phosphoric  pentasulphide  is  employed  hydric  sulphide  is 
evolved : 

6C.„H,,0   +    P,S,   =   6Cj„Hi,  +  5SH,   +    3HP0,; 

Camphor.  Cymene. 

and  by  the  action  of  phosphoric  pentachloride  a  chlorinated 
compound  is  first  produced,  which  is  subsequently  resolved  by 
distillation  into  cymene  and  hydrochloric  acid : 

Ci„H,,0  +  PCI,   =  C,„Hi,Cl,   +   POCI3; 

Camphor. 

C,oH,,Cl,   =   C,,H,,   +    2HCI. 
C10H15.OH    +   PCI5    =    C10H15CI   +   POCI3   +   HCl; 


'10"15 
Myristicol 


Ci„Hj,Cl   =   C„Hj,  +   HCl. 


*  Wright  is  of  the  opinion  that  the  small  quantity  of  cymene  met  with 
in  some  essential  oils  is  perhaps  formed  by  the  oxidation  of  a  portion  of  the 
terpene,  and  the  subsequent  resolution  of  the  oxidized  body  {C^^H^fi)  into  cymene 
and  water  during  distillation. 

3  u 
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Cymene  is  also  obtained  on  distilling  thymol  and  carvacrol, 
CjqH^^O,  with  ter-  or  pentasulphide  of  phosphorus. 

Cymene  may  readily  be  prepared  by  the  action  of  phosphoric  anhydride  or 
pentasulphide  on  camphor.  If  the  former  be  employed,  it  is  mixed  with  the 
camphor  in  the  proportions  indicated  by  the  equation : 

C„H„0   +   PA   =   C„H,,   +    2HPO3, 

and  gently  heated  in  a  flask,  attached  to  a  condenser,  until  the  reaction  com- 
mences, which  is  evidenced  by  the  mixture  at  the  bottom  of  the  flask  becoming 
brown :  the  reaction  then  extends  to  the  whole  mass  somewhat  rapidly. 
The  liquid  product  is  afterwards  poured  ofi"  from  the  cake  of  metaphosphoric 
acid  at  the  bottom  of  the  flask,  and  digested  with  a  small  quantity  of  phosphoric 
anhydride.  This  treatment  is  then  repeated,  and  finally  the  product  is  frac- 
tionally distilled  from  sodium.  In  this  manner  60  to  80  per  cent,  of  cymene 
may  be  obtained  (Fittica,  ibid.  307). 

Somewhat  less  cymene  is  produced  by  the  action  of  phosphoric  pentasulphide, 
but,  on  the  other  hand,  the  latter  is  far  more  readily  prepared  than  phosphoric 
anhydride.  The  camphor  and  phosphoric  pentasulphide  mixed  in  the  propor- 
tions of  about  3  to  I  are  placed  in  a  flask  attached  to  a  condenser,  and  a  gentle 
heat  applied ;  the  reaction  soon  takes  place,  and  much  hydric  sulphide  is  evolved. 
In  order  to  decompose  all  the  camphor  the  mixture  is  gently  boiled  for  a 
couple  of  hours  and  then  distilled ;  the  distillate  is  violently  agitated  with  a 
concentrated  solution  of  sodic  hydrate  to  remove  the  thiocymene,  Cj^^H^g-SH, 
present,  then  with  water,  and  afterwards  several  times  with  small  quantities  of 
concentrated  sulphuric  acid ;  it  is  finally  washed  with  water,  dried  over  calcic 
chloride,  and  distilled  from  sodium. 

Pure  cymene  is  a  colourless,  mobile,  highly  refractive  liquid 
of  peculiar,  not  unpleasant^  odour ;  it  boils  at  175°  (347°  F.), 
and  at  0°  (3^°  F.)  has  the  sp.  gr.  o'87o.  When  oxidized  with 
dilute  nitric  acid  it  iwcm^&he^  paratoluic  acid,  CgH4(CH3).COOH, 
together  with  terephthalic  acid,  CgH4(COOH)2,  and  a  considerable 
quantity  of  acetic  acid  (Kekule  and  Dittmar,  Deut.  chem.  Ges. 
Ber.,  iii.  894) ;  chromic  acid  also  oxidizes  it  to  terephthalic 
acid. 

Constitution  of  the  terpenes. — All  the  terpenes  appear  to  be 
capable  of  yielding  cymene  when  two  atoms  of  hydrogen  are 
withdrawn  from  them.  This  may  be  effected,  however,  in  various 
ways.  The  most  advantageous  method  is  probably  that  employed 
by  Kekule  and  Oppenheim  {ibid.  vi.  437  and  915  ;  vii.  62^),  which 
consists  in  gradually  adding  iodine  to  the  terpene,  digesting  the 
mixture  for  some  hours  in  a  flask  attached  to  a  reversed  condenser, 
and  distilling ;  the  distillate  is  then  washed  with  an  alkaline  solu- 
tion and  the  cymene  purified  by  fractional  distillation  from  sodium. 
The  first  action  appears  to  consist  in  the  combination  of  a  mole- 
cule of  the  terpene  with  a  molecule  of  iodine,  the  resulting  com- 
pound, when  heated,  being  resolved  into  cymene  and  hydriodic 
acid. 
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By  very  carefully  adding  a  molecule  of  bromine  to  a  mole- 
cule of  a  terpene  whicli  is  well  cooled^  a  compound  of  tlie  two  is 
obtained,  which,  on  treatment  in  various  ways,  furnishes  cymene. 
In  some  cases  it  is  merely  necessary  to  distil  several  times  :  thus, 
although  the  bromide  of  ordinary  turpentine  oil  furnishes  very 
little  cymene  when  treated  in  this  manner,  yet,  as  Wright  has 
shown  {Journ.  Chem.  Soc,  xxvi.  691),  hesperidene,  the  terpene 
from  nutmeg-oil,  yields  a  very  large  proportion  of  cymene  when 
its  bromide  is  several  times  distilled.  Oppenheim  finds  (Deut. 
chem.  Ges.  Ber.,  v.  94  and  628)  that  a  considerable  amount  of 
cymene  may  be  obtained  from  the  bromide  of  turpentine  oil  by 
heating  it  with  a  slight  excess  of  aniline  for  eight  hours  to  about 
190°  (374°  I^.)  in  sealed  tubes  : 

Cj„Hj,Br,  +   3C,H,N  =  C^^H^  +   ^C.H.NBr. 

Turpentine  bromide.  Aniline.  Cymene.  Aniline  hydrobromide. 

To  purify  the  product,  the  mixture  from  the  tubes  is  rendered 
acid  with  dilute  sulphuric  acid,  and  the  hydrocarbon  distilled  over 
in  a  current  of  steam ;  it  is  then  dried  and  distilled  from 
sodium. 

Wright  has  also  shown  (Journ.  Chem.  Soc,  xxvii.  620)  that 
cymene  is  formed  in  small  quantity  from  terpenes  by  the  action 
of  phosphoric  pentasulphide,  and  according  to  Riban,  a  little 
cymene  may  be  produced  from  terpenes  by  treating  them  with 
sulphuric  acid  and  distilling : 

C,„H,,  +  H,SO,  =  Cj„Hj,   +   SO,   +   2OH,. 

By  these  various  methods  cymene  has  been  obtained  from 
ordinary  turpentine  oil,  and  from  terebene ;  from  the  terpenes 
of  nutmeg  oil,  orange-peel  oil,  lemon  oil,  and  eucalyptus  oil ;  and 
from  the  terpenes  obtained  by  the  action  of  phosphoric  anhy- 
dride or  pentasulphide  on  borneol,  geraniol,  citronellol,  and 
cajeputol,  all  of  which  have  the  formula  C^^H^gO. 

The  fact  that  the  various  terpenes  are  thus  convertible  into 
3ymene,  together  with  the  circumstance  that  they  combine  with 
at  most  four  atoms  of  monad  elements  (in  the  formation  of  the 
iihydrochlorides),  has  led  chemists  to  regard  them  as  dihydrides 
)/  cymene  ;  thus  : 


u  2 
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CgHy  C3H7 

HC  CH  HC  CH, 

I       II  I       I 

HC         CH  HC  CHg 

\c/  No/ 

CH3  CH3 

Cymene.  Cymene  dihydride. 

But  cymene  is  a  j^arapropylmethylbenzene,  and  according  to 
Kekule^s  hypothesis  it  can  only  give  rise  to  three  isomeric  dihy- 
drides,  viz. : 

CH3  H.CHg  ^Hg 

x\  /\  /\ 

HgC  CH  HC  CH,  HC  CH 


H3C  CH  HC  CH  HC  CHg 

\/  X/  \o/ 

C3H  C3H,  H.C3H, 

I.  II.  III. 

Since  more  than  three  isomeric  terpenes  undoubtedly  exist,  the 
conclusion  is  therefore  forced  upon  us,  that  all  these,  although 
they  furnish  cymene,  are  not  hydrides  of  a  j9«rapropylmethyl- 
benzene,  but  that  some  of  them  are  hydrides  of  isomeric  propyl- 
methylbenzenes,  and  some  perhaps  hydrides  of  isopropylmethyl- 
benzenes,  and  that  isomeric  change  takes  place  during  their 
conversion  into  cymene. 

With  regard  to  the  existence  of  a  considerable  number  of 
isomeric  terpenes,  it  is  to  be  borne  in  mind  that  we  are  totally 
unaware  of  the  nature  of  the  isomerism  which  obtains,  for 
example,  between  the  terpenes  present  in  the  so-called  French 
and  English  turpentine  oils  :  in  their  chemical  behaviour  they 
exhibit  the  most  perfect  resemblance,  and  yet  they  are  so  very 
different  optically.  The  only  assumption  we  can  make  which  is 
any  way  applicable  to  the  explanation  of  this  remarkable  diffe- 
rence, is  that  the  molecules  of  the  terpenes  in  the  liquid  state 
are  complex  molecules  formed  by  the  coalescence  of  a  number  of  ' 
simple  molecules,  and  that  the  physical  difference  between  th^ 
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two  terpenes  in  question  results  from  a  different  arrangement  of 
the  simple  molecules  which  we  may  suppose  are  identical.  If 
this  be  the  case,  a  comparatively  limited  number  of  chemically 
identical  terpenes  may  exist,  and  yet,  as  seems  to  be  the  case 
according  to  our  present  knowledge,  the  number  which  exhibit 
physical  differences  may  be  very  large. 

Apart  from  the  formation  of  cymene  from  the  terpenes,  there 
is  no  evidence  proving  that  the  CgH^  group,  which,  it  is  supposed,  is 
present  in  all  the  terpenes,  is  propyl  and  not  isopropyl.  The  beha- 
viour of  the  oxidation  products  of  ordinary  turpentine  oil  appears 
rather  to  favour  the  conclusion  that  it  is  isopropyl.  Thus  when 
turpentine  oil  is  oxidized  with  dilute  nitric  acid,  the  so-called 
diaterebic  acidj  C^H^g^s^  is  produced,  but  this  very  readily  loses 
a  molecule  of  water  and  is  converted  into  terebic  acid,  CyHjoO^ ; 
on  distilling  terebic  acid,  pyroterebic  acid,  CgHj^Og,  is  olitained, 
and  this,  when  heated  with  hydriodic  acid,  is  converted  into  a 
caproic  acid,  Cfi^fi^,  identical  with  that  formed  from  isoprimary 
(fermentation)  amylic  alcohol.  This  caproic  acid  is  represented  by 
the  formula  : 

CH(CH3)2.CH5j.C  Hg.COOH, 

and  there  can  be  little  doubt,  therefore,  that  all  the  acids  men- 
tioned contain  isopropyl,  their  most  probable  formulae  being 

CH(CH3)2.CH(OH).CH(COOH)3 ;     CH(CH3)3.CH— CH.COOH 

Diaterebic  acid.  I  J  ^ 

O  —  CO 

Terebic  acid. 

CH(CH3)2.CHziCH.COOH. 

Pyroterebic  acid. 

Hence  it  would  seem  probable  also  that  turpentine  is  an  iso- 
propyl derivative  (Fittig  and  Mielck,  D&ut.  chem.  Ge&.  J?er.,vii.  649). 
From  these  considerations  it  is  evident  that  we  must  regard  the 
constitution  of  the  terpenes  and  the  nature  of  their  relation  to 
cymene  as  problems  still  far  from  being  solved. 

Paradiethylhenzene :  C,H,  (C^H  J,,  (C^H^ :  C,H^  =  i  :  4).— Fittig  and  Konig 
{Ann.  Chem.  Tharm.,  cxliv.  285)  obtained  this  hydrocarbon  by  the  action  of 
sodium  on  a  mixture  of  bromethylbenzene  and  ethylic  bromide.  Since  the  ac- 
tion of  bromine  on  methylbenzene  or  toluene  leads  to  the  formation  of  two  iso- 
meric bromotoluenes,  it  is  highly  probably  that  this  is  also  the  case  with  ethyl- 
benzene,  and  that  therefore  Fittig  and  Konig's  product  was  a  mixture  of  para- 
and  ori^Aodiethylbenzene.  Diethy Ibenzene  is  a  colourless  liquid  of  pleasant  odour, 
which  boils  at  178°— 179°  (352°-4— 354°'2  F.)  of  the  sp.  gr.  0-870  at  I5°'5 
(59°'9  F.).  When  oxidized  with  dilute  nitric  acid  it  furnishes  ethylbenzoic  acid, 
CgH^  (CjHj).COOH,  but  chromic  acid  oxidizes  it  to  terephthalic  acid. 
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EtTiyUimetlylhenzene :  C,H3(CH3),(C,H,),  (CH3  :  CH3  :  C,H,=  i  :  3  :  4).— 
By  acting  on  bromoxylene  with  etliylic  bromide  and  sodium,  Fittig  and  Ernst 
{ibid,  cxxxix.  192)  obtained  an  ethyldimethylbenzene  in  all  probability  consisting 
chiefly  of  the  modification  (CH3  :  CH3  :  C^Hg  =1:3:4),  but  also  containing 
the  modification  (CH3  :  C^Hg  :  CHg  =  i  :  2  :  4),  as  coal  tar  xylene  was  em- 
ployed. The  hydrocarbon  thus  prepared  boils  at  183° — 184°  (36i°*4 — 363°*2 
F.),  and  at  20°  (68°  F.)  has  the  sp.  gr.  0*8783. 

Ethyldimethylbenzene  :  CgH3(CH3).^(C,Hg),  (CH3 :  CH3  :  C^H^  =1:3:  5).— 
This  hydrocarbon  may  be  said  to  be  the  true  homologue  of  mesitylene,  and  to 
be  the  second  term  of  the  series  of  hydrocarbons  formed  from  benzene  by  the 
displacement  of  three  atoms  of  hydrogen  by  radicles  of  the  form  CnHgn+i, 
these  radicles  being,  moreover  symmetrically  placed.  It  is  produced  by  a  method 
similar  to  that  which  furnishes  mesitylene,  viz.,  by  distilling  a  mixture  of 
dimethylketone  or  acetone  and  methylethylketone  with  sulphuric  acid 
(Jacobsen,  Deut.  chem.  Ges.  Ser.y  vii.  1430)  : 

2CH3.CO.CH3  +  C,Hg.C0.CH3  -  3OH,  =  C,H3(C,H,)(CH3),. 

Dimethylketone.         Ethylmethylketone.  Ethyldimethylbenzene. 

It  boils  at  i8o°— 182°  (356°— 359*'-6  F.),  and  at  20°  (68°  F.)  has  the  sp. 
gr.  0*864.  When  oxidized  by  dilute  nitric  acid  it  furnishes  mesitylenic  acid, 
CeH3(CH3),.COOH. 

Tetramethylbenzene :  Q^Vi^[C^^^,  (CH3  :  CH3  :  CH3  :  CH3  = 
1:2:3:  5). — When  a  mixture  of  methylic  iodide  and  bromo- 
mesitylene  dissolved  in  pure  benzene  is  heated  with  sodium  to 
about  150°  (302°  F.)  a  reaction  takes  place,  and  by  submitting  the 
product  to  fractional  distillation  a  hydrocarbon  of  the  composition 
C^qHj^  may  be  isolated.  It  boils  at  192° — J  94°  {377°'6 — 38i°*2  F.), 
and  does  not  solidify  when  cooled  in  a  mixture  of  ice  and  salt 
(Jannasch,  ibid.  viii.  ^^^). 

Tetramethylbenzene  or  Durene  :  Q^c^[Cll^^. — A  mixture  of 
methylic  iodide  with  monobromopseudocumene  dissolved  in  ether, 
is  slowly  acted  on  by  sodium  at  the  ordinary  temperature,  a 
crystalline  tetramethylbenzene  being  produced.  Durene,  as  this 
hydrocarbon  has  been  termed,  crystallizes  from  alcohol  in  prisms  f 
it  melts  at  80°  (176°  F.),and  boils  at  189°— 191°  (372°'2— 375°'8  F.) 
(Fittig  and  Jannasch,  Zei/^.  chem.  [2],  vi.  161).      When  oxidized 


*  Paradimethylbenzene  or  paraxylene  and  durene  (tetramethylbenzene) 
are  the  only  two  crystalline  hydrocarbons  which  have  been  obtained  from 
benzene,  which  itself  crystallizes ;  it  is  noteworthy  that,  starting  with  benzene 
and  passing  from  it  through  toluene  to  paraxylene,  and  thence  through  pseudo- 
cumene  to  durene,  the  intermediate  terms  of  this  series  are  liquid,  and  there  is 
a  peculiar  relation  in  the  boiling-points,  the  difference  between  each  solid  and  the 
next  higher  liquid  hydrocarbon  being  30°  (Cent.)  and  between  the  hquid  and 
the  next  higher  solid  hydrocarbon  25°;  thus  : 


Benzene. 

Toluene. 

Paraxylene. 

Pseudocumene. 

Durene. 

Melting  point 
Boiling  point 

81" 

liquid. 

1H° 

-5° 
136-5 

liquid. 
166° 

8c°. 
.91°. 
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with  dilute  nitric  acid_,  it  furnishes  a  mixture  of  cumylic  acid, 
CgH2(CH3)3.COOH,  and  ct^midic  acid,  CgH3(CH3)2(COOH)2 
(Jannasch,  ibid.  vi.  449 ;  vii.  33).  Durene  may  also  be  obtained 
by  the  action  of  sodium  on  a  mixture  of  methylic  iodide  and  the 
dibromoxylene  from  coal  tar  xylene  (Jannasch,  Deut.  chem.  Ges. 
Ber.j  vii.  692). 

Since  mesitylene  has  the  constitution  (CH3  :  CH3  :  CH3  = 
1  :  3  :  5)  it  is  only  possible  to  obtain  from  it  a  single  tetramethyl- 
benzene,  but  pseudocumene  may  furnish  three  modifications  of 
tetramethylbenzene  ;   thus  : 

CH3  CH3  CH3  CH3 


/\ 


1CH3     CH3^ 


/\ 


V 


CH, 


yyCH3  \/CH3  \/CH3     CPI, 

CH3  CH3  CH3  CH3 

Pseudocumene.  I,  H^  III. 

One  of  these  (iii.)  it  will  be  seen,  is  identical  with  that 
derived  from  mesitylene,  and  the  constitution  of  durene  must 
therefore  be  that  expressed  by  fig.  i  or  fig.  11.  At  present  there 
is  not  sufficient  experimental  evidence  to  decide  which  of  these 
should  be  adopted,  but  the  latter  appears  to  be  the  more  probable. 
(1303)  Hydrocarbons  :  C^^H^g  =  148. — Five  of  these  are 
known,  viz.  :  two  isomeric  Amylbenzenes,  two  isomeric  Propyl- 
dimethylbenzenes ,  and  a  Diethylmethylbenzene. 

^-Amylhenzene :  C^YL^.On^.QYl^.Qn{C^^^,  is  formed  by  the  action  of 
sodium  on  a  mixture  of  broraobenzeue  and  isoprimary  amylic  bromide.*  It  is  a 
liquid  of  peculiar  odour,  quite  different  from  that  of  benzene  j  it  boils  at  1 93° 
(379"'4  ^O*     When  oxidized,  it  furnishes  benzoic  acid. 

Q-Amylhenzene  :  C^]1^.GH{C.^^^. — Lippmann  and  Louguinine  {ihid.  cxlv. 
106)  obtained  this  hydrocarbon  by  the  action  of  zincic  ethide  dissolved  in  ben- 
zene, on  a  benzene  solution  of  the  compound  CgH^.CHClg  from  toluene  : 

C,H,.CHC1,    +    2Zn(C,H,),   =    C,H,.CH(C,H,),   +    ZnClC.H,. 

After  purification  bj  heating  with   sodium  in  sealed  tubes  to  200°  (392    F.)j  it 
boils  at  about  178^  (352°'4  F.) ;  its  sp.  gr.  at  0°  (32°  F.)  being  0*875. 


*  Isoprimary  amylic  bromide  is  obtained  from  fermentation  amylic  alcohol, 
which  appears,  however,  to  be  a  mixture  of  the  two  isoprimary  amylic  alcohols 


CH(CH3),.CH^.CH^(0H)   and  CH  |  ^  \  .CH,(OH),  the  former  being  the 

chief  constituent  (see  amylic  alcohols)  :  hei 
obtained  with  it  are  doubtless  mixtures  « 

y-amyl— CH  ^  n  tt    >  .CHg— compounds. 


chief  constituent  (see  amylic  alcohols)  :  hence  all  the  amyl  derivatives  of  benzene 
obtained  with  it  are  doubtless  mixtures  of  /3-amyl — CH(CHj)2.CH2.CH2 — and 
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Propyldimethylhenzene  :  C^'a^{C^-Rj){CUX,  (CH3 :  CH3 :  C^H,  =  1:3:  5).— 
This  hydrocarbon  is  the  third  term  of  the  "  mesitylene  series,"  and  is  obtained 
bj  distilling  a  mixture  of  dimethylketone  and  propylmethylketone  with  sul- 
phuric acid  (Jacobsen,  Deut.  chem.  Ges.  Ber.,  viii.  1258).  It  boils  at 
206° — 210°  (402°*8 — 410°  F.).  When  oxidized  with  dilute  nitric  acid  it 
furnishes  mesitylenic  acid. 

Laurene :  OfiJ^C^^){CVi.^^. — Laurene  is  obtained,  together  with  other  pro- 
ducts, when  camphor  is  distilled  with  zincic  chloride  (Fittig,  Kobrich  and  Jilke, 
Ann.  Chem.  Pharm.,  cxlv.  149).  It  boils  at  about  188"  (3  70° "4  F.),  and  at 
10°  (50°  F.)  has  the  sp.  gr.  o'887.  It  is  oxidized  by  dilute  nitric  acid  to  an 
acid  of  the  composition  CgH3(CH3)2.COOH,  which  appears  to  be  identical  with  the 
paraxylic  acid  from  pseudocumene.  It  is  not  known  whether  laurene  is  a  propyl 
or  isopropyl  derivative,  but  from  the  lowness  of  its  boiling-point  as  compared 
with  that  of  the  propyldimethylbeuzene  above  described,  it  appears  not  unlikely 
that  it  is  an  isopropyldimethyl  benzene. 

Diethylmethylhenzene:  C,H3(C,H,).,(CH3),  {CH3 :  C^H^:  C,H^=  l :  3  :  5).— 
This  hydrocarbon,  which  is  also  a  member  of  the  mesitylene  series,  is  formed  on 
distilling  a  mixture  of  dimethylketone  and  ethylmethylketone  with  sulphuric 
acid  (Jacobsen).  It  boils  at  198°— 200°  (388°-4— 392°  F.),  and  at  20°  (68°  F.) 
has  the  sp.  gr.  0*87  9.  By  lorfg  boiling  with  dilute  nitric  acid  it  is  oxidized  to 
uvitic  acid,  C,H3(CH3)(COOH)2. 

Hydrocarbons :    C^^^^=i6'Z. — Only  three  such   are  known, 
viz.  :  13-Hewylbenzene,  ^-Amylmethylbenzene  and  Triethylbenzene. 

(1304)  d'Sexylhenzene :  C,H^.CH,.CH,.CH,CH(CH3)2,  is  obtained  by 
the  action  of  sodium  on  a  mixture  of  benzylic  chloride,  CgHg.CH^Cl,  and  iso- 
primary  amylic  bromide  (Aronheim,  Ann.  Chem.  Fharm.,  clxxi.  223).  It  boils 
at2i4°--2i5°(4i7°-2— 4i9°F.). 

^' Amylmethylhenzene  :  CJlA  pxr^  pxr  ptt/TH  ">   — Fittig  and  Bigot  (ibid. 

cxli.  162)  prepared  this  hydrocarbon  from  bromotoluene  and  isoprimary  amylic 
bromide  by  the  action  of  sodium.  As  they  employed  crude  bromotoluene,  their 
product  was  doubtless  a  mixture  o{  para-  and  ortho-  j3-amylmethylbenzene.  It 
boiled  at  213°  (4i5''-4  F.),  and  at  9°  (48°-2  F.)  had  the  sp.  gr.  0-864.  When 
oxidized  with  chromic  acid,  it  gave  terephthalic  and  acetic  acids. 

Triethylhenzene :  CM^.B^X,  (C,H, :  C,H,  :  C,H,  =^1:3:  5).-The  only 
known  triethylbenzene  belongs  to  the  mesitylene  series,  being  obtained  by  dis- 
tilling ethylmethylketone  with  sulphuric  acid  (Jacobsen)  : 

3C,H,.CO.CH3   -   3OH,    =    C,H,(C,H,)3. 

Ethylmethylketone.  Triethylbenzene. 

It  boils  at  2 1 7° — 220°  (42  2°''6 — 428°  F.)  ;  when  oxidized  with  chromic  acid  it 
appears  to  furnish  trimesic  acid,  CgH3(COOH)3. 

(1305)  Hydrocarbons:  Cj3H2o=i 76. — Two  only  are  known, 
viz.  :  (3-Amyldimethylbenzene  and  Methyldipropylbenzene. 

^-^^yldimethylhenzene:C^^,[^^^-^^^  ^^^    ^.^^^ 

obtained  this  hydrocarbon  by  the  action  of  sodium  on  a  mixture  of  isoprimary 
amylic  bromide  and  broraoxylene.  As  coal-tar  xylene  was  employed,  their  pro- 
duct was  doubtless  a  mixture  of  the  modifications  (CHg :  CH3 :  C^H^j  =1:3:4) 
and  (CH3 :  C,H^,  :  CH3  =  i  :  3  :  4).  It  boiled  at  232°— 233"  (449^-6—45  l^A 
F.),  and  at  9°  (48°'2  F.)  had  the  sp.  gr.  0895. 
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Methyldipropylhenzene :  C,H3(CH3)(C3H,)„  (CH3 :  C3H, :  C3H,  -.1:3:  5).- 
This  homologue  of  mesitylene  is  formed  by  distilling  a  mixture  of  dimethyl- 
ketone  and  propylmethylketone  with  sulphuric  acid  (Jacobsen).  It  boils  at 
243" — 248°  (469°-4 — 478°*4  F.);  ^^^n  oxidized  with  dilute  nitric  acid  it 
furnishes  uvitic  acid,  CgH3(CH3)(COOH),. 

(1306)  Hydrocarbons:  €^5112^=204. — It  has  already  been 
mentioned  that  a  number  of  these  hydrocarbons  are  contained  in 
various  "  essential  oils/^  At  present  nothing  whatever  is  known 
of  their  nature,  but  from  their  occurrence  in  plants  together  with 
propyl-derivatives  the  assumption  that  they  are  tripropyl-derivatives 
of  benzene  does  not  appear  improbable.  A  short  account  of  some 
of  the  oils  which  contain  these  hydrocarbons  may  conveniently 
be  given  here. 

Oil  of  Cuhehs, — This  oil  is  obtained  from  the  fruits  of  Piper  Cuheha,  a 
shrub  indigenous  to  Java,  Southern  Borneo,  and  Sumatra ;  it  contains  according 
to  recent  experiments  of  Oglialore  {Deut.  ehem.  Ges.  JBer.,  viii.  1357)  a  small 
quantity  of  a  Isevorotatory  terpene,  which  boils  at  158° — 163°  (3i6°'4— 
32  5°'4  F.),  a  Isevorotatory  hydrocarbon  of  the  composition  C^gH^^,  and  a  second 
hydrocarbon  having  far  less  rotatory  power  but  apparently  the  same  composi- 
tion. The  Isevorotatory  hydrocarbon  C^gH^^  boils  at  264° — 265°  (5o7"'*2 — 
509°  F.),  and  at  0°  (32°  F.)  has  the  sp.  gr.  0*9289 :  it  combines  with  hydro- 
chloric acid,  forming  a  crystalline  dihydrochloride,  C^gHggClg ;  this  melts  at  about 
118^^  (244°-4  F.),  and  when  heated  with  water  to  170°— 180°  (338°— 356^^  F.), 
it  is  decomposed,  the  original  hydrocarbon  being  separated.  The  second  C^gH^^ 
hydrocarbon  is  said  to  boil  at  263°— 264°  (5o5°-4 — 5o7°'2  F.),  but  does  not 
combine  with  hydrochloric  acid. 

Oil  of  Cloves. — This  oil  is  obtained  from  the  sun-dried  flower  buds  of  the 
Eugenia  caryophyllata,  an  evergreen  tree  indigenous  to  the  original  Moluccas 
or  Clove  Islands,  but  now  cultivated  in  Sumatra,  the  Mascarene  Islands,  the 
islands  of  Zanzibar  and  Pemba  on  the  Eastern  coast  of  Africa,  the  West  Indies, 
&c.  Clove  oil  consists  chiefly  of  eugenol,  O^^^Jd^,  but  contains  a  relatively 
small  quantity  of  a  Isevorotatory  C^gH^^  hydrocarbon,  and  other  substances  of 
unknown  composition.  The  hydrocarbon  boils  almost  constantly  at  247°* 
(476°'6  F.),  and  at  15°  (59°  F.)  has  the  sp.  gr.  0*905  (Church,  Journ.  Chem. 
>Soc.,  xxviii.  113).  It  absorbs  hydrochloric  acid,  but  the  resulting  hydrochloride 
has  not  been  examined. 

Oil  of  Rosewood. — The  oil  obtained  by  distilling  rosewood  with  water 
contains  a  Isevorotatory  hydrocarbon  of  the  composition  G^fi^^,  which  boils  at 
249°  (48o°*2  F  ),  and  readily  absorbs  hydrochloric  acid.     (Gladstone.) 

Oil  of  Calamus.— ThQ  oil  distilled  from  the  root  oi  Acorus  Calamus  consists, 
according  to  Kurbatow  {Deut.  chem.  Ges.  Ber.,  vi.  12 10),  of  a  terpene,  boiling  at 
158° — 159°  (3i6°*4 — 3i8°'2  F.),  which  forms  a  crystalline  hydrochloride,  and 
a  CjjH^^  hydrocarbon,  which  boils  at  255°— 258°  (491''— 496°-4  F.),  and  does 
not  unite  with  hydrochloric  acid. 

Oil  of  Patchouli. — The  oil  distilled  from  Pogostemon  Patchouli,  a  labiate 
plant  indigenous  in  the  East  India  Islands,  contains,  according  to  Gladstone,  a 
Isevorotatory  Cj^H^^  hydrocarbon  boiling  at  about  257°  (494°-6  F.). 


*  The  corrected  boiling-point  is  253°'9  (487'''4  F. 
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Haloid  Derivatives  of  Benzene  and  its  Homologues, 

(1307)  Preparation. — The  chloro-  and  bromo- derivatives  of 
the  members  of  the  benzene  series  are  formed^  as  already  stated, 
by  the  direct  action  of  chlorine  and  bromine  on  the  hydro- 
carbons,, but  they  may  also  be  obtained  by  another  method, 
which,  moreover,  is  available  for  the  preparation  of  iodo-deriva- 
tives,  and  which  is  of  special  importance,  as  it  enables  us  to 
trace  the  connexion  of  the  haloid  compounds  with  other  substi- 
tution derivatives.  The  method  in  question  is  commonly  spoken 
of  as  the  method  of  Griess,  the  chemist  by  whom  it  was  intro- 
duced. It  will  be  best  understood  by  reference  to  a  special  case 
— the  conversion  of  benzene  into  chloro-,  bromo-  and  iodo- 
benzene,  for  example.  The  hydrocarbon  having  been  converted 
into  the  nitro-derivative  by  the  action  of  nitric  acid,  is  treated 
with  a  reducing  agent,  and  thus  converted  into  the  amido- 
derivative  (see  Amido-derivatives  of  Benzene,  &c.).  Now  Griess 
has  shown  that  when  the  nitrate  of  the  amido-derivative  is  sub- 
mitted to  the  action  of  nitrous  acid,  a  so-called  diazo-compound 
is  produced  (the  properties  of  this  class  of  bodies  will  else- 
where be  more  fully  described),  thus  : 

C,H,.NH3(N03)   +  HNO3  =,C,H,.N,(N03)   +  2OH,; 

Amidobenzene  nitrate.  Diazobenzene  nitrate. 

and  that  if  this  diazobenzene  nitrate  be  then  mixed  with  platinic 
chloride  solution,  a  double  salt  of  diazobenzene  chloride  and 
platinic  chloride  is  precipitated,  which  furnishes  chlorobenzene 
on  distillation  with  sodic  carbonate,  being  broken  up  in  the 
following  manner  : 

^CgH^.NgCl.PtCl^  =  sCgH^Cl   +   N3  +   Pt  +  aClg. 

Diazobenzene  platinochloride.         Chlorobenzene. 

To  obtain  bromobenzene,  the  diazo-nitrate  is  treated  with  bromine 
water,  and  the  resulting  diazobenzene  perbromide  is  submitted  to 
distillation  with  sodic  carbonate  : 

C,H,.N,Br3   =   C,H,Br  +   N,    +   Br,. 

Diazobenzene  perbromide.    Bromobenzene. 

The  bromo-derivative  is  usually  best  prepared,  however,  by 
boiling  the  diazo-perbromide  with  anhydrous  alcohol,  or  in  some 
cases  by  the  action  of  a  concentrated  solution  of  hydrobromic 
acid  on  the  diazo- derivative. 

The  preparation  of  the  iodo-derivati^e  is  somewhat  easier,  as 
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it  is  merely  necessary  to  convert  the  diazo- nitrate  into  the  corre- 
sponding sulphate^  and  then  warm  with  a  concentrated  solution 
of  hydriodic  acid : 

C,H,.N,(HSO,)    +   HI  =  C,H,I   +   N,  +   H„SO,. 

Diazobenzene  sulphate,  lodobenzene. 

Griess^s  method,  therefore,  enables  us  to  displace  the  NHg 
group  by  CI,  Br,  or  I,  and  therefore  the  NOg  group.  The 
method  appears  to  be  applicable  to  all  the  monamido-derivatives 
obtained  from  the  nitro- derivatives,  but  it  has  not  as  yet  been 
extended  to  diamido- derivatives ;  unfortunately,  however,  the 
preparation  of  the  diazo-compounds  is  often  a  matter  of  con- 
siderable difficulty,  on  account  of  their  instability;  and  in  all 
cases  it  requires  careful  and  skilful  manipulation. 

Griess^s  method  also  enables  us  to  prepare  haloid  derivatives 
of  the  hydrocarbons  of  the  benzene  series  from  their  haloid-amido- 
derivatives,  formed  by  the  action  of  the  halogens  on  the  acet- 
amido-derivatives,  or  in  other  words  to  displace  the  NHg  group 
by  hydrogen.  For  this  purpose  the  nitrate  of  the  haloid  amido- 
derivative  is  converted  into  the  diazo-nitrate,  from  which  the 
diazo-sulphate  is  prepared;  and  on  heating  the  latter  with 
anhydrous  alcohol  nitrogen  is  evolved  and  the  haloid  derivative 
is  produced,  thus  : 

C,H3Br,.NH3(N03)    +   HNO,   =  C,H3Br,.N,(N03)    -^   2OH,; 

Dibromamidobenzene  nitrate.  Dibromodiazobenzene  nitrate. 

CeH3Br,.N,(HS0J    +   C.H^.OH   =   C,H,Br,  4-    N,   +   C.Kfi    +    H,SO,. 

Dibromodiazobenzene  sulphate.     Alcohol.        Dibromobenzene.  Aldehyde. 

It  is  usually,  however,  sufficient  to  add  the  haloid  amido- 
derivative  to  alcohol  saturated  with  nitrous  anhydride,  that  is  to 
say,  to  act  on  it  with  ethylic  nitrite  : 

Dibromamidobenzene.      Ethylic  nitrite.    Dibromobenzene.  Aldehyde. 

Chloro-  and  bromo-derivatives  of  the  hydrocarbons  of  the 
benzene  series  are  also  obtained  by  distilling  phenol  and  its 
homologues,  and  their  haloid  derivatives,  with  phosphoric  penta- 
chloride  or  bromide  : 

CgH^.OH  +   PCI,   =   CgH.Cl   +   HCl  +    POCI3. 

Phenol.  Chlorobenzene. 

Many  of  the  haloid  derivatives  of  the  hydrocarbons  of  the 
benzene  series  are  oily  liquids,  whilst  the  remaiuder  are  crystal- 
line  solids;  they  are  all  insoluble,  or  nearly  so,  in  water,  but 


300  BROMOBENZENE.  [1308. 

soluble  in  alcohol  and  many  of  the  ordinary  solvents.  Excepting 
those  formed  by  the  displacement  of  hydrogen  in  the  "  side 
chain^"*  they  are  all  extremely  stable,  the  halogen  being  displaced 
only  with  considerable  difficulty. 

(1308)  Haloid  Derivatives  of  Benzene. — Benzene  Hexa- 
BROMiDE  or  Hexabromhexylene :  CgHgBrg. — There  can  be  little 
doubt  that  the  first  action  of  bromine  on  benzene  is  to  produce 
the  additive  compound  CgHgBrg,  but  all  attempts  to  isolate  this 
have  failed  on  account  of  its  instability.  The  additive  compound 
CgHgBr^  is  also  unknown,,  but  the  hexabromide  CgHgBrg  can  _ 
readily  be  obtained.  To  prepare  this  compound,  a  mixture  of  S 
benzene  with  excess  of  bromine  is  exposed  to  bright  sunlight  for 
several  days  in  a  large  flask ;  the  product  is  purified  by  crys- 
tallization from  ether,  from  which  it  separates  in  minute  white 
rhombic  prisms.  It  is  fusible,  but  is  at  the  same  time  partially 
decomposed ;  when  heated  with  an  alcoholic  solution  of  potassic 
hydrate  it  furnishes  a  tribromobenzene. 

(1309)  Bromobenzene  or  Phenylic  Bromide  :  CgH^Br. — To 
prepare  this  compound  a  mixture  of  benzene  and  bromine  in  the 
proportions  of  their  molecular  weights  (78  :  160)  is  allowed  to 
stand  at  the  ordinary  atmospheric  temperature  for  several  days. 
The  bromine  does  not  disappear  entirely  even  after  long  standing, 
but  at  the  end  of  eight  or  ten  days  about  three-fourths  of  the 
benzene  is  usually  converted  into  bromobenzene,  a  small  quantity 
of  di-  and  tribromobenzene  being  also  formed.  The  product, 
after  being  washed  with  a  solution  of  sodic  hydrate  to  remove 
bromine,  and  dried  with  calcic  chloride,  is  submitted  to  fractional 
distillation.  Pure  bromobenzene  is  a  colourless  liquid,  of 
pleasant  aromatic  odour,  and  is  insoluble  in  water ;  it  boils  at 
154° — 155°  (309°-:^ — 311°  F.),  and  at  0°  (32°  F.)  has  the 
sp.  gr.  1-517. 

(13 10)  DiBROMOBENZENES  :  CgHgBrg. — Three  isomeric  modi- 
fications of  dibromobenzene  are  known,  two  of  which  are  pro- 
duced by  the  direct  action  of  bromine  on  benzene.  The  manner 
in  which  Korner  has  determined  their  constitution,  it  will  be 
remembered,  has  already  been  described  (p.  268). 

Paradibromobenzene  :  CgHgBrg,  (Br  :  Br  =  i  :  4). — To  pre- 
pare this  body  a  mixture  of  one  molecule  of  benzene  and  rather 
more  than  two  molecules  of  bromine  is  heated  on  the  water-bath 
in  a  retort,  the  neck  of  which  is  fused  on  to  the  end  of  a  Liebig's 
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condenser,  the  condenser  being  so  inclined  that  the  condensed 
vapours  of  benzene  and  bromine  flow  back  into  the  retort.  The 
heating  is  continued  until  but  little  hydrobromic  acid  is  evolved, 
and  the  contents  of  the  retort  become  solid  on  cooling;  the 
product  is  then  washed  with  soda,  and  distilled  in  a  current  of 
steam.  The  oil  which  passes  over  usually  deposits  a  large 
quantity  of  crystals  on  cooling ;  these  are  drained  from  the  oil 
on  a  vacuum  filter,  and  the  latter  is  cooled  in  a  refrigerating 
mixture,  which  causes  the  separation  of  a  further  quantity  of 
crystals.  This  crude  dibromobenzene  is  then  purified  by  one  or 
two  crystallizations  from  hot  alcohol,  in  which  it  is  readily 
soluble,  although  it  separates  almost  entirely  on  cooling. 

Paradibromobenzene  may  also  be  prepared  from  parabrom- 
amidobenzene  or  parabromaniline,  CgH^Br.NHg,  by  the  method 
of  Griess;  or  by  distilling  parabromophenol,  CgH^Br.OH,  with 
phosphoric  pentabromide. 

Pure  paradibromobenzene  crystallizes  in  large  colourless 
monoclinic  prisms.  According  to  Korner,"^  it  melts  at  89°*3 
(i9:z°7  F.),  and  boils  at  2i8°'6  (42^°'^  F.)  under  the  pressure  of 
757*6  mm.  of  mercury  at  I7°7  (64°  ¥.),  the  thermometer  stem 
being  entirely  immersed  in  the  vapour. 

Metadibromobenzene :  CgH^Brg,  (Br  :  Br=i  :  3). — This  modi- 
fication has  been  prepared  by  Griess^s  method  from  meta- 
bromaniline  or  metabromamidobenzene,  CgH^Br.NHg,  and  by 
displacing  the  NHg  group  by  hydrogen  in  the  dibromaniline  or 
dibromamidobenzene,  CgHgBrg.NHg,  obtained  by  brominating 
acetanilid  or  acetamidobenzene,  CgHg.NH.CgHgO,  and  acting  an. 
the  resulting  dibromacetanilid  with  potassic  hydrate  : 

CgH3Br2.NH.C2H30    +   KHO  =  CgHgBr^.NHg  +  KCgHgO^. 

Dibromacetamidobenzene.  Dibromamidobenzene.       Potassic  acetate.   "] 

It  is  a  colourless  liquid,  which  does  not  solidify  at  —  :j8°  (— 18°*4 
F.),  of  the  density  1*955  at  i8°'6  {6^-4  F.);  it  boils,  according 
to  Korner,  at  2i9°*4  {416°' g  F.)  under  the  pressure  of  754*8  mm. 
of  mercury  at  19°  (66°' 2  F.),  the  whole  of  the  mercury  column 
of  the  thermometer  being  heated  by  the  vapour.  Concentrated 
nitric  acid  converts  it  into  a  mixture  of  two  isomeric  nitrodi- 
bromobenzenes,    CgH^Brg.NOo,    one    of  which    melts    at    6i°*6 


*  The  original  memoir  in  which  all  Korner's  statements,  referred  to  in  the 
course  of  the  description  of  the  benzene  derivatives,  are  contained  is  in  the  Gazzetta 
Chimica  Italiana,  1874,  p.  305  et  seq. ;  an  abstract  of  this  memoir  is  given  in 
the  Journal  of  the  Chemical  Society,  vol.  xxix.  p.  204. 
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(i42'^*8  F.),  and  the  other,  of  which  only  a  very  small  quantity  is 
formed,  melts  at  82°  (i79°'6  F.)  (Korner). 

'  Orthodibromobenzene  :  CgH^Brg,  (Br  :  Br=  i  :  2). — The  oil 
which  drains  from  the  crystals  of  paradibromobenzene  consists 
chiefly  of  orthodibromobenzene,  although  relatively  very  little  of 
this  compound  is  produced  by  the  action  of  bromine  on  benzene, 
and  it  also  contains  additive  compounds,  which  are  removed  by 
boiling  it  for  some  time  with  a  concentrated  alcoholic  solution  of 
potassic  hydrate ;  it  is  then  precipitated  by  water,  dried,  distilled, 
and  the  portion  boiling  at  213° — 216°  (4i5°*4 — 42o°-8  F.)  col- 
lected apart.  In  order  to  free  this  product  from  paradibromo- 
benzene, it  is  cooled  in  a  very  carefully-prepared  mixture  of  ice 
and  salt,  and  the  crystals  which  separate  are  filtered  off  on  a 
vacuum  filter  surrounded  with  a  refrigerating  mixture.  These 
operations  are  repeated  several  times  until  a  product  is  obtained 
from  which  crystals  no  longer  separate  even  at  —28°  (i8°*4  F.) 
(V.  Meyer,  Deut.  chem.  Ges.  Ber.,  vii.  1560). 

Korner,  who  has  prepared  orthodibromobenzene  from  ortho- 
bromamidobenzene  by  Griess^s  method,  states,  however,  that  it 
crystallizes  when  cooled  to  —6°  (2i°'2  F.)»  The  product  from 
benzene  is  said  to  boil  at  about  215°  (419°  F.)  (uncorrected); 
but  Korner^s  product  boiled  at  223°-8  (179°  F.)  under  the 
pressure  of  751*6  mm.  of  mercury  at  i8°*2  (64°*8  F.),  the  mercury 
column  of  the  thermometer  being  immersed  in  the  vapour.  Its 
specific  gravity  is  2-003  at  0°  (32°  F.),  and  1*977  at  i7°'6 
(63°- 7  F.)  (Korner).  Concentrated  nitric  acid  converts  it  into  a 
nitrodibromobenzene,  which  melts  at  57°'8  (136°  F.)  (Korner). 
According  to  V.  Meyer  {loc.  cit.),  this  nitroorthodibromobenzene 
crystallizes  in  monoclinic  prisms,  whereas  the  isomeric  nitro- 
metadibromobenzene  melting  at  61°  (141°*  8  F.)  crystallizes  in 
triclinic  prisms. 

(131 1)  TRIBROMOBENZENES  :  CgHgBrg. — The  three  isomeric 
tribromobenzenes  which  are  possible  according  to  Kekule^s  hy- 
pothesis have  been  obtained.  The  manner  in  which  the  consti- 
tution of  these  compounds  is  inferred  from  their  relation  to  the 
three  isomeric  dibromobenzenes  has  been  previously  described  in 
connexion  with  the  discussion  as  to  the  constitution  of  the 
benzene  derivatives  generally  (p.  268). 

Paratribromobenzene  ;*  CgHgBrg,  (Br  :  Br  :  Br=T  :  3  :  5). — 


*  It  may  be  laid   down  as  the  result  of  experience,  and  entirely  without 
reference  to  any  hypothesis  as  to  the  relative  position  of  the  radicles,  that  in  the 
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This  compound  is  readily  obtained  by  the  action  of  ethylic  nitrite 
on   ordinary   tribromaniline,    CgHgBrg.NHg  (Stiiber,  Deut.  chem. 


case  of  the  isomeric  di- derivatives  of  benzene,  the  jpara-di-derivatives  are  those 
which,  when  another  atom  of  hydrogen  is  displaced,  can  only  give  rise  to  a  single 
tri'derivative  ;  whilst  the  or;^^o-di-derivatives  are  those  which  can  give  rise  to  two 
isomeric  tri-derivatives,  and  the  meta-di-derivatives  those  which  can  furnish 
three  isomeric  tri-derivatives,  Similarly,  we  may  call  the  three  series  of  isomeric 
tri-derivatives  para-,  ortho-,  or  meta-  compounds,  according  as  when  another 
atom  of  hydrogen  is  displaced,  they  can  give  rise  to  the  formation  of  a  single  tetra- 
derivative,  of  two  isomeric  tetra-derivatives,  or  of  three  isomeric  tetra-derivatives. 
But  since,  according  to  Kekule's  hypothesis,  the  tri-derivatives  in  which 
the  radicles  are  relatively  in  the  position  i  :  3  :  5,  are  those  which  can  only  form 
a  single  tetra-derivative,  they  merit  the  title  of  para-  compounds ;  those  tri- 
derivatives  in  which  the  radicles  are  relatively  in  the  position  1:2:3  can  fur- 
nish two  isomeric  tetra-derivatives,  and  therefore  are  the  ortho-  compounds ; 
lastly  the  1:2:4  tri-derivatives  can  furnish  three  tetra-derivatives,  and  hence 
we  may  term  them  meta-  compounds ;  thus : 
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Ges.  Ber.j  iv.  961  ;  Korner).  It  may  also  be  prepared  by  Griess^s 
method  from  tbe  amidometadibromobenzene,  which  melts  at 
^6^'^  (iSS^'J  r.)  (Korner).  Paratribromobenzene  crystallizes 
from  alcohol  in  long  needles  :  it  melts  at  about  119°  (246°*  2  F.), 
and  boils  at  about  278°  (532°*4  F.)  (uncorrected). 

Metatribromobensene :  CgHgBrg,  (Br  :  Br  :  Br  =  i  :  2  :  4),  is 
the  modification  which  is  produced  by  the  action  of  bromine  on 
benzene,  and  also  when  benzene  hexabromide  is  decomposed  with 
potassic  hydrate : 

C,H,Br,  +  3KHO  =  C,H3Br3  +  sKBr  +  3OH,. 

Benzenehexabromide.  Tribromobenzene. 

It  may  be  obtained  by  distilling  ordinary  dibromophenol, 
CgHgBr^.OH,  with  phosphoric  pentabromide,  but  it  is  most  readily 
prepared  by  Griess^s  method  from  ordinary  dibromaniline  or 
amidome/adibromobenzene,  CgHgBrg.NHg,  which  is  converted 
into  the  diazo-perbromide,  and  the  latter  distilled  with  a  large 
excess  of  sodic  carbonate  (Korner).  It  is  also  formed  in  a 
similar  manner  from  amido/?ara  and  amidoorModibromobenzene 
(Korner) ;  and  hence  since  it  can  be  obtained  from  the  three 
dibromobenzenes  there  can  be  no  doubt  that  the  bromine  atoms 
occupy  the  positions  1:2:4,  or  which  is  the  same  1:3:4. 
Metatribromobenzene  crystallizes  from  alcohol  in  short  needles ; 
it  melts  at  44°  (iii°-2  F.),  and  boils  at  about  275°  (527°  F.) 
(uncorrected) . 

Orthotribromobenzene :  CgHgBrg,  (Br  :  Br  :  Br=i  :  2  :  3). — 
Korner  has  obtained  this  compound  by  (converting  dibromopara- 
nitraniline,  CgH2Br2(N02).NH2,  into  nitrotribromobenzene, 
CgHgBrg.N02,  by  Griess's  method,  from  which  a  tribromamido- 
benzene  was  then  prepared,  and  the  NHg  group  in  this  compound 
displaced  by  hydrogen.  The  dibromoparanitraniline  was  ob- 
tained from  dibromoparanitrophenol,  CgH2Br2(N02).OH,  by  dis- 
placing the  OH  group  by  the  NH2  group ;  and  since  both  the 
atoms  of  bromine  in  this  compound  are  in  the  ortho-position 
relatively  to  the  OH  group,  it  follows,  that  when  the  OH  group 
is  displaced  by  NHg,  and  this  in  turn  by  Br,  the  three  atoms  of 
bromine  are  contiguous,  thus  : 

OH  NH2  Br  Br 

Br/^,Br  BrrNBr  Brr'tBr  Br/^Br 


Pibromopara-  Dibromopara-  Tribromonitro-  Orthotribromo- 

nitropheBol.  nitraniline.  benzene.  benzene. 
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Orthotribromobenzene    crystallizes   from    alcohol   in  magnificeat 
rhombic  plates;  it  melts  at  Sy°'4  (i89°'3  ^O- 

(1312)  Teteabeomobenzenes  :  CgH^Br^. — Only  two  of  the  three  isomeric 
modifications  are  known,  viz.  :  (1:2:3:5)  tetrahromohenzene,  which  is  formed 
by  displacing  the  NH^  group  in  ordinary  tribromaniline,  CgH^Br^.NH^,  by  Br 
by  Griess's  method  (v.  Richter,  Deut.  chem.  Ges.  Ber.,  viii.  1428),  or  by  dis- 
tilling ordinary  tribroraophenol,  CgH^Brg.OH,  with  phosphoric  pentabromide ;  and 
that  obtained  by  heating  paradibromobenzene  with  excess  of  bromine  to  150° 
(302°  F.)  (Riche  and  Berard),  or  nitrobenzene  with  bromine  to  250°  (482°  F.) 
(Kekule),  in  which  the  bromine  atoms  probably  occupy  the  positions  1:2:4:5. 

Both  crystallize  from  alcohol  in  white  needles;  the  former  melts  at  98°-5 
(209°'3  F.),  and  the  latter,  according  to  Kekule,  at  137°— 140°  (278°-6— 
284°  F.). 

(1313)  Pentabeomobenzene  :  CgHBrg. — Kekule  obtained  this  compound 
in  small  quantity  together  with  tetrabromobenzene,  by  heating  nitrobenzene  with 
bromine  to  250°  (482°  F.).  It  is  almost  insoluble  in  alcohol,  but  sublimes 
readily  in  needles  which  do  not  melt  below  240°  (464°  F.). 

Hexabromobenzene  has  not  been  prepared. 

(13 14)  Benzene  Hexachloride^  or  Heooachlorhexylene  : 
CgHgClg. — Chlorine  has  scarcely  any  action  on  cold  benzene  m 
the  dark,  but  according  to  H.  Miiller  {Jahresber,  Chem.,  1862, 
414)  when  chlorine  acts  on  boiling  benzene  even  in  darkness  a/ 
mixture  of  the  three  additive  compounds,  CgHgClg,  CgHgCl^,  and 
CgHgClg,  is  slowly  produced,  and  but  very  little  substitution 
product  is  obtained.  The  only  additive  compound  which  has 
been  isolated  and  described,  however,  is  the  hexachloride.  This 
body  is  formed  by  passing  chlorine  into  boiling  benzene,  or  by 
introducing  benzene  into  a  large  white  glass  flask  or  bottle  filled 
with  chlorine,  and  exposing  the  mixture  to  sunlight.  The  former 
appears  to  be  the  easier  method,  although  a  very  great  deal  of 
the  chlorine  escapes  without  acting  on  the  benzene  :  the  un- 
attacked  benzene  is  distilled  off,  and  the  crystals  which  separate 
on  cooling  are  recrystallized  from  benzene. 

Benzene  hexachloride  crystallizes  from  benzene  in  large 
transparent  colourless  monoclinic  prisms;  it  melts  at  157° 
(3i4°-6  F.)  (Heys,  Zeits.  Chem.  [2],  vii.  293).  It  is  not  in  the 
least  affected  by  boiling  with  fuming  nitric  acid,  or  a  mixture  of 
concentrated  sulphuric  and  fuming  nitric  acids  (Heys).  When 
heated  with  an  alcoholic  solution  of  potassic  hydrate,  it  is  readily 
converted  into  trichlorobenzene. 

(13 15)  Chlorobenzene,  or  Phenylic  Chloride:  CgHgCl. — 
In  presence  of  such  substances  as  iodine,  molybdenic  penta- 
chloride,  or  antimonic  pentachloride,  chlorine  acts  rapidly  on 
benzene.     The  use  of  iodine  and  of  antimonic  pentachloride  was 

3  X 
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first  noticed  by  H.  Miiller  {loc.  cit.),  and  by  the  aid  of  the 
former  Jungfleisch  has  prepared  a  complete  series  of  chlorinated 
benzenes.  The  employment  of  molybdenic  pentachloride  has 
recently  been  introduced  by  Aronheim  (^Deut.  chem.  Ges.  Ber., 
viii.  1400).  Iodine  and  molybdenic  pentachloride  are  less 
energetic  reagents  than  antimonic  pentachloride,  and  are 
therefore  to  be  chosen  when  the  lower  derivatives  are  re- 
quired. 

When  chlorine  is  passed  into  benzene  containing  iodine  in 
solution,  chlorobenzene  is  first  formed,  then  dichlorobenzene ; 
and  it  is  only  necessary  to  heat  the  mixture  gently  at  first,  after 
which  the  action  goes  on  by  itself.  When  the  greater  part  is 
converted  into  dichlorobenzene,  the  mass  solidifies  on  cooling ; 
but  on  continuing  the  passage  of  the  chlorine,  it  becomes  liquid 
again  owing  to  the  formation  of  trichlorobenzene.  As  the 
change  into  tetrachlorobenzene  takes  place  the  mass  again  soli- 
difies, and  it  is  necessary  to  heat  more  strongly  during  the  con- 
version of  the  tetra-  into  pentachlorobenzene,  although  when 
the  latter  is  produced  the  mass  becomes  more  fusible.  It  is 
not  easy  to  prepare  hexachlorobenzene  in  this  manner,  owing  to 
the  comparatively  high  temperature  required,  and  the  conse- 
quent loss  of  iodine  by  volatilization. 

All  the  chloro-derivatives  of  benzene  are  thus  formed  in  rapid 
succession,  and  after  a  certain  time  a  greater  or  less  amount  of 
each  appears  to  be  present  in  the  product,  although  one  of  them 
always  predominates,  so  that  by  stopping  the  action  at  certain 
stages  we  may  isolate  any  one  of  the  desired  bodies.  Small 
quantities  of  iodobenzenes  are  also  present  in  the  mixture ;  but  by 
exposure  to  sunlight  or  by  distillation,  these  are  decomposed  with 
liberation  of  iodine,  which  may  then  be  removed  by  treatment 
with  potassic  hydrate. 

To  prepare  chlorobenzene,  chlorine  is  passed  into  benzene 
mixed  with  iodine,  the  mixture  being  gently  heated  at  first,  after 
which  the  action  goes  on  by  itself.  The  liquid  is  distilled  from 
time  to  time,  and  the  portion  boiling  above  130°  (266°  P.)  set 
aside,  the  portion  boiling  below  this  temperature  being  again 
submitted  to  the  action  of  the  chlorine.  When  a  sufficient 
quantity  of  crude  chlorobenzene  has  been  obtained,  it  is  first 
purified  by  alternate  agitation  with  potassic  hydrate  solution,  and 
exposure  for  several  days  to  sunshine,  which  causes  the  decomposi- 
tion of  the  small  quantities  of  iodobenzenes  present,  and  finally 
fractionally  distilled. 
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Clilorobenzene  is  also  produced  when  phenol  is  distilled  with 
phosphoric  pentachloride : 

4C,H,.0H   +   PCI5  =  C,H,C1   +  P0(0C,H,)3   +  4HCI. 

Phenol.  Chlorobenzene.        PhenyJic  phosphate. 

According  to  Jungfleisch  (Ann.  Ch.  Phys.  [4],  xv.  212) 
chlorobenzene  is  a  limpid  colourless,  highly  refractive  liquid  of 
sp.  gr.  1*1293  at  0°  (32°  F.),  1-1169  at  10°  (50°  F.),  and  I'loSS 
at  20°  (68°  F.) ;  it  boils  at  133°  (27i°-4  F.).  When  cooled  in  a 
mixture  of  solid  carbonic  anhydride  and  ether  it  solidifies  to  a 
crystalline  mass,  which  becomes  liquid  at  about  —40°  (—40°  F.). 
It  is  not  in  the  least  affected  when  heated  to  200°  (392°  F.)  in 
sealed  tubes  with  an  alcoholic  solution  of  potassic  hydrate. 

Iron,  copper,  zinc,  and  tin  do  not  act  appreciably  on  chloro- 
benzene even  at  250°  (482°  F.),  and  it  is  not  attacked  by 
potassium  or  sodium  in  the  cold,  although  it  furnishes  diphenyl, 
CjgH-^Q,  when  heated  with  these  metals. 

Chlorine  has  little  action  on  chlorobenzene   in  the  dark,  but 

when  the   mixture   is   exposed    to   sunlight   rapid    action   takes 

place,  and  the  additive  compounds,  CgH^Clg,  CgH^Clg,  CgH^Cl^,  and 

perhaps  CgHjCl^,  are  formed  ;   if  a  large  excess  of  chlorine  be 

employed,  higher  chlorinated  compounds  are  also  produced,  such 

as  CgH^Cl^,  CgH^Clg,  and  CgH^Clg  (Jungfleisch).     The  only  one 

of   these  that    has  been    obtained    in  a  state  of    purity  is  the 

compound  CgH^Clg,  which  crystallizes  from  chloroform  in  small 

!  oblique  rhombic  prisms;  it  does  not   fuse  below  250°  (482°  F.), 

I  but  undergoes  partial  decomposition  even  below  that  tempera- 

I  ture ;    when   treated    with    an    alcoholic     solution    of   potassic 

;  hydrate  it  furnishes  pentachlorobenzene : 

C,H,Cl3   +   3KHO  =   C,HC1,    +   3KCI  +    3OH,. 

(1316)  DicHLOROBENZENES  :  CgH^Clg. — The  continued  action 
of  chlorine  on  benzene  in  presence  of  iodine  results  chiefly  in 
the  formation  of  joaradichlorobenzene,  but  a  small  quantity  of 
or/Aodichlorobenzene  is  also  produced, 

j  Paradichlorobenzene  :  CgH^Clg,  (CI  :  Cl=  I  :  4). — This  com- 
pound may  be  prepared  by  passing  chlorine  into  a  solution  of 
iodine  in  benzene  until  the  liquid  partly  solidifies  in  the  crystal- 
line state  on  cooling ;  but  the  method  which  is  perhaps  pre- 
ferable is  to  employ  benzene  mixed  with  about  one  per  cent,  of 
its  weight  of  molybdenic  pentachloride.  The  mixture  is  gently 
heated,  and  chlorine  passed  until  the  increase  of  weight  is  about 

x2 
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that  required  by  theory.  On  cooling  the  product,  a  large 
quantity  of  crystals  separate,  which  are  drained,  pressed,  dis- 
tilled, and  finally  crystallized  from  alcohol.  A  further  quantity 
of  solid  dichlorobenzene  may  be  obtained  by  fractionally  dis- 
tilling the  liquid  which  drains  from  the  crystals,  and  cooling  the 
distillates  (Aronheim,  loc.  cit.). 

Paradichlorobenzene  is  also  obtained  by  distilling  parachloro- 
phenol,  CgH^Cl.OH,  with  phosphoric  pentachloride,  and  by 
Griess''s  method  from  parachloramidobenzene  or  parachloraniline. 

Paradichlorobenzene  crystallizes  from  ether  in  large  right 
rhombic  prisms  ;  from  hot  alcohol,  in  which  it  is  very  soluble,  it 
separates  in  much  smaller  crystals  ;  it  readily  sublimes  even  at 
the  ordinary  temperature.  According  to  Korner,  it  melts  at 
56°-4  (i33°'5  F.):'  ^"d  boils  at  173°  (343°'4  F.);  but  according 
to  Jungfleisch,  it  melts  at  53°  (i27°-4  F.),  and  boils  at  171° 
(339°" 8  F.).  When  exposed  to  sunlight,  in  presence  of  chlorine, 
it  furnishes  a  mixture  of  additive  compounds,  only  one  of  which 
(CgH^Clg),  however,  has  been  isolated  (Jungfleisch). 

Metadichlorobenzene :  CgH^Clg,  (CI  :  Cl  =  i  :  3),  prepared  by 
Griess^s  method  from  metachloramidobenzene,  CgH^CLNHg,  is  a 
colourless  liquid  which  boils  at  172°  (341°  6  F.) ;  it  does  not 
solidify  in  a  mixture  of  ice  and  salt  (Korner). 

Orthodichlorobenzene  :  CgH^Clg,  (CI  :  Cl=i  :  2). — This  modi- 
fication is  produced  by  distilling  orthochlorophenol,  CgH^Cl.OH, 
with  phosphoric  pentachloride,  and  together  with  paradichloro- 
benzene by  the  action  of  chlorine  on  benzene.  To  obtain  it  pure 
from  the  latter  source,  the  oil  boiling  at  J75° — 183°  (347° — 
0,6^°  F.)  is  separated  as  far  as  possible  from  the  para-compound 
by  cooling,  and  is  then  warmed  with  moderately  strong  fuming  sul- 
phuric acid  on  the  water-bath  :  the  paradichlorobenzene  which  it 
contains  is  not  acted  upon  by  the  acid  under  these  circumstances, 
but  the  isomeride  is  converted  into  a  sulpho-acxd,  CgHgClg.HSOg, 
and  on  pouring  the  mixture  into  water,  the  latter  dissolves,  the 
paradichlorobenzene  remaining  undissolved.  The  solution  is  then 
treated  with  baric  carbonate,  the  baric  salt  of  the  sulpho-acid 
decomposed  with  the  necessary  quantity  of  sulphuric  acid,  and  ! 
the  solution  evaporated  to  dryness  :  when  the  sulpho-acid  thus 
obtained  is  distilled  from  the  oil-bath,  pure  orthodichlorobenzene 
passes  over  (Beilstein  and  Kuhlberg,  Deut.  chem.  Ges.  Ber. 
1759).      It  is  a  colourless  liquid,  which  boils  at  179°  (354°' 2  Fj 

Jungfleisch  only  noticed  the  formation  of   a  single  dichlorobenzene  frc 
benzene,  and  he  also  obtained  only  one  tri-  and  one  tetrachlorobenzene;  but 
decomposing  with   potassic  hydrate  the  mixture  of  additive  compounds  form^ 
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from  chlorobenzene  by  an  excess  of  chlorine,  a  product  was  obtained  containing 
small  quantities  of  chlorobenzenes  identical  with  those  formed  directly  from 
benzene,  together  with  isomeric  bodies  of  much  lower  melting-point.  As  these 
compounds  do  not  appear  to  have  been  prepared  in  a  state  of  purity,  owing  to 
the  small  quantity  which  was  produced,  we  have  no  reliable  information  as  to 
their  nature. 

(13 1 7)  Teichloeobenzenes  :  CgHgClg. — ParatricJilorohenzene  (CI  :  CI  : 
CI  =  I  :  3  :  5)j  obtained  by  Griess's  method  from  ordinary  trichloraniline, 
CgH^Clg.NH^,  closely  resembles  the  corresponding  tribromobenzene;  it  crystallizes 
in  long  needles,  which  melt  at  63°'4  (i46°'i  F.)  (Korner). 

MetatricJilorohenzene :  CgHgClg,  (CI  :  CI  :  CI  =  i  :  2  :  4). — The  trichloro- 
benzene  obtained  by  chlorinating  benzene,  or  by  acting  on  benzene  hexachloride 
with  potassic  hydrate,  appears  to  be  this  modification.  It  crystallizes  in  large 
right  rhombic  prisms,  and  melts  at  17°  (62°-6  F.) ;  it  boils  at  206°  (402°'8  F,). 
When  exposed  to  sunlight  in  presence  of  chlorine  it  furnishes  a  series  of  crystalline 
additive  compounds  (Jungfleisch). 

Jungfleisch  obtained  an  isomeric  trichlorobenzene  melting  at  about 
60°  (140°  F.)  from  the  oily  product  of  the  decomposition  of  the  additive 
chloro-compounds  of  chlorobenzene  with  potassic  hydrate.  Judging  from  its 
melting  point  it  appears  probable  that  this  body  is  paratrichlorobenzene. 

(13 1 8)  Teteachloeobenzene  :  CgH^Cl^. — The  product  obtained  by  passing 
chlorine  into  a  solution  of  iodine  in  benzene  until  the  mixture  boils  at  about 
220°  (428°  F.)  consists  chiefly  of  a  tetrachlorobeuzene  in  v.hich  the  chlorine 
atoms  probably  occupy  the  portions  1:2:4:5.  It  crystallizes  in  rhombic 
prisms  which  melt  at  139°  (282°'2  F.),  and  it  boils  at  240°  (464°  F.).  It  slowly 
combines  with  chlorine  in  the  sunlight,  forming  an  oily  product. 

Jungfleisch  and  Otto  (Ann.  Chem.  Pharm.,  cxl.  104)  have  described  an 
isomeric  tetrachlorobeuzene  melting  at  35^  (95°  F.)  and  boiling  at  about  253° 
(487°'4  F.),  obtained  from  the  additive  chloro-compounds  of  chlorobenzene.  it 
crystallizes  in  long  needles  and  is  readily  soluble  in  hot  alcohol,  which  dissolves 
the  isomeric  body  very  sparingly. 

Ladenburg  has  also  noticed  the  formation  from  chlorobenzene  in  this 
manner  of  a  tetrachlorobeuzene  of  low  melting  point  {Deut.  chem.  Ges. 
J3er.,  V.  789). 

A  third  tetrachlorobeuzene  (i  :  2  :  4  :  6)  is  obtained  by  the  action  of  phos- 
phoric pentachloride  on  trichlorophenol ;  it  crystallizes  in  short  needles,  and 
melts  at  45°  (113°  F.). 

(13 19)  Pentachloeobenzene  :  CgHCl^. — The  product  which  boils  at  about 
260°  (500°  F.)  obtained  by  the  continued  action  of  chlorine  on  benzene  in 
presence  of  iodine  consists  chiefly  of  a  mixture  of  penta-  and  hexachlorobenzene. 
In  order  to  separate  these,  the  mixture  is  treated  with  boiling  alcohol :  the 
former  being  much  more  soluble  dissolves,  and  the  crude  pentachlorobenzene  is 
then  several  times  recrystallized  from  benzene.  Pentachlorobenzene,  which  crys- 
tallizes from  alcohol  in  fine  needles,  melts  at  74°  (i65°*2  F.),  and  boils  at 
272°  (52i°'6  F.).  When  exposed  to  sunlight  with  chlorine,  it  is  very  slowly 
converted  into  an  oily  substance  without  any  evolution  cif  hydrochloric  acid. 

Jungfleisch  and  Otto  state  th;it  an  isomeric  body  of  higher  melting  point 
may  be  obtained  by  treating  the  chloro-  additive  compounds  of  chlorobenzene  with 
potassic  hydrate ;  their  experiments  have  been  repeated  by  Ladenburg,  however, 
who  has  shown  that  the  supposed  isomeric  pentachlorobenzene  is  nothing  more 
than  impure  hexachlorobenzene  {loc.  cit.,  and  ibid.  vi.  32).  Ladenburg  finds  the 
melting  point  of  pentachlorobenzene  to  be  85° — 86°  (185° — 186°'8  F.),  and  its 
bulling  point  275^—277°  (527°— 530°-6  F.). 

(1320)  HEXACHLOEOBEi^zrNE  :  C^Clg. — This  compound  is  the  final  product 
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of  the  action  of  chlorine  on  benzene  in  presence  of  iodine,  SbCl^,  &c.,  and  also  of 
the  action  of  chloride  of  iodine  on  the  homologues  of  benzene ;  it  is  also  formed  by 
passing  chloroform  vapour  through  a  red-hot  tube  (Bassett,  Journ.  Cliem.  Soc. 
[2],  V.  443),  and  by  heating  tetrachlorethane  or  acetylene  tetrachloride,  C^H^Cl^, 
in  sealed  tubes  to  300°  (572°  F.)  for  15  hours  (Berthelot)  : 


C.HA   = 

2HCI    +    C,C1,      ; 

3C,C1, 

=    ^A' 

Tetrachlorethane. 

Dichloracetylene. 

Dichlor- 
acetylene. 

Hexachloro- 
benzene. 

It  is  most  readily  prepared  by  passing  chlorine  into  a  mixture  of  benzene  with 
antiraouic  pentachloride  until  hydrochloric  acid  is  no  longer  evolved.  The  pro- 
duct is  then  treated  with  concentrated  hydrochloric  acid  to  remove  the  antimony 
compound,  washed  with  water,  dried,  extracted  with  boiling  alcohol,  and  finally 
crystallized  from  a  mixture  of  alcohol  and  benzene.  It  forms  long,  slender, 
silky  needles  of  dazzling  whiteness;  it  melts  at  226°  (438°'8  F.),  and  boils  at 
326°  (6i8°'8  F.)  (corr.)*  It  does  not  appear  to  unite  with  chlorine  in  sunshine 
(Jungfleisch) ;  and  it  is  not  in  the  least  affected  when  boiled  with  an  alcoholic 
solution  of  potassic  hydrate. 

(1321)  Fluoebenzene  :  CgH^F. — This  compound,  which  is  the  only 
fluorine  derivative  of  a  hydrocarbon  yet  investigated,  is  obtained  by  distilling 
the  calcic  salt  of  fluorbenzoic  acid  with  about  four  times  its  weight  of  calcic 
hydrate  : 

(C,H,  F.  CO,),Ca   +   Ca(OH),   =    2C,H,  F   +    2CaC03.  | 

Calcic  fluorbeuzoate.  Fluorbenzene.  ■ 

It  is  purified  bv  fractional  distillation.  Fluorbenzene  crystallizes  in  scales  which 
melt  at  40°  (104°  F.)  ;  it  boils  at  i8o°— 183°  (356°— 36i°-4  F.).  It  is 
insoluble  in  water,  but  readily  soluble  in  alcohol  or  ether  (Schmitt  and  Gehren, 
Journ.  jpr.  Cliem.  [2],  i.  400). 

(1322)  loDOBENZENE  or  pJienylic  iodide  :  CgH^I. — lodobenzene  cannot  be 
prepared  by  the  action  of  iodine  on  benzene,  but  when  benzene  is  heated  with 
iodine  and  iodic  acid  in  sealed  tubes  to  200° — 240°  (392° — 464"  F.)  a  mixture 
of  iodobenzene  and  di-  and  tri-iodobenzene  is  produced  (Kekule)  ;  the.  tubes 
should  be  opened  from  time  to  time  in  order  to  permit  the  escape  of  the  carbonic 
anhydride  resulting  from  secondary  reaction.  The  non-formation  of  iodobenzene 
by  the  action  of  iodine  alone,  is  due  to  the  reconversion  of  this  compound  into 
benzene  by  the  hydriodic  acid  generated  in  its  formation  from  benzene  and 
iodine,  thus  : 

C,Hg    -f   I,   =    C,HJ  +  HI     ;     C,HJ  +  HI    =   C,H,    +    I,, 

Benzene.  lodobenzene.  lodobenzene.  Benzene. 

When  iodic  acid  is  present,  however,  the  hydriodic  is  removed  from  the  sphere 
of  action  as  soon  as  it  is  formed,  and  the  iodobenzene  no  longer  undergoes 
reduction : 

C,H,   +   2I,    +   HIO3  =    5C,H,I   -f-   3OH,. 

Iodobenzene  is  most  conveniently  prepared  by  Griess's  method  by  the  action 
of  hydriodic    acid    on   diazobenzene    sulphate    from  amidobenzene   or    aniline, 

C,H,.N,(HSO,)    +   HI   =    C,HJ   +   N,   +    H^SO,. 

Diazobenzene  sulphate.  lodobenzene. 


*  The  boiling  point  determined  with  Berthelot's  air  thermometer  was  332 
(629°-6  F.) ;   Bassett  mentions   331°  (62  7°'8  F.)  as  the  corrected  boiling  point 
of  hexachlorobenzene. 
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Ifc  is  also  formed  by  the  action  of  iodide  of  phosphorus  on  phenol,  and  by  the 
action  of  iodine  chloride  on  sodic  benzoate : 


I 


C^H^.CO^Na   +    ICl    =    CgH^.COJ    +    NaCl. 
Sodic  benzoate.  Iodine  benzoate. 

C.H^.CO,!   =   C,H,I   +   CO,. 

Iodine  benzoate.     lodobenzene. 


It  is  a  colourless  liquid,  having  an  odour  similar  to  that  of  benzene  and 
phenol,  and  does  not  solidify  at  —  18°  (—  o°*4  F.).  Its  sp.  gr.  at  i^"^  (59°  F.)  is 
1*833,  ^°^  i^  ^*^il^  ^^  1^5°  (365°  F.).  It  is  easily  converted  into  benzene  by 
the  action  of  sodium  amalgam  and  water,  or  by  heating  it  with  aqueous  hydriodic 
acid  to  250°  (482°  F.),  but  it  is  not  acted  on  by  potassic  hydrate. 

(1323)  DiiODOBENZENES.  ParadUoctobenzene :  CgH^I^,  (I :  I  =  i  :  4). — This 
compound  is  formed  together  with  iodo-  and  tri-iodobenzene  when  benzene  is 
heated  with  iodine  and  iodic  acid,  and  by  Griess's  method  from  paramidoiodo- 
benzene,  CgH^LNH^.  It  crystallizes  in  laminae  which  melt  at  I29°*4(264°*9  F.), 
and  resemble  naphthalene  in  appearance  (Korner). 

Metadiiodohenzene:  CgH^Ig,  (I:  I  =  i :  3),  prepared  from  metamidoiodobenzene 
by  Griess's  method  resembles  the  para-compound ;  it  melts  at  40°*5  (io4°*9  ^O* 
and  boils  at  285°  (545°  F.)  (Korner). 

Orthodiiodohenzene :  C^H^I,,  (I  :I  =  I  :  2),  from  orthamidoiodobenzene,  is  a 
crystalline  solid,  and  boils  at  a  higher  temperature  than  its  isomerides  (Korner). 

(1324)  Tbiiodobenzene  :  CgHglg. — The  only  known  modification  of  this 
compound  is  that  obtained  together  with  iodo-  and  diiodobenzene  on  heating 
benzene  with  iodine  and  iodic  acid;  it  forms  small  needles,  which  melt  at  76" 
(i68°-8  F.)  (Kekule). 

(1325)  Chloeobromobenzene.  ParacJilorohromohenzene :  CgH^BrCl 
(Br:  01=1:4), — This  compound  is  formed  by  heating  chlorobenzene  on  the 
water-bath  with  an  excess  of  bromine  until  the  product  solidifies  on^ cooling,  and 
by  Griess's  method  from  parachlor-  and  parabromamidobenzene.  It  resembles 
paradibromobenzene,  but  melts  at  67°'4  (i53°*3  F.)  and  boils  at  I96°''3 
{385°-3  F.)  (Korner). 

(1326)  Bromiodobenzenes  :  CgH^Brl. — Korner  has  prepared  the  three 
isomeric  bromiodobenzenes  from  the  three  bromamidobenzenes  by  Griess's 
method. 

Parahromiodohenzene  (Br:  1=1:4)  crystallizes  in  plates  and  prisms  like 
paradibromobenzene  ;  it  melts  at  92°  (i97°-6  F.),  and  boils  at  25i°*5  (484°'7  F.). 

Metabromiodobenzene  (Br:I=i:3)isa  colourless  liquid  which  boils  at 
252°  (485°-6  F.). 

Orthobromiodobenzene  (Br :  I  =  i  :  2)  is  also  a  colourless  liquid,  but  boils  at 

257°-5  (495°-5  F.). 

(1327)  CaLOEiODOBENZENES  :  CgHJGl. — Parachloriodobenzene  (CI :  I  = 
1:4)  from  parachloramidobenzene,  is  a  crystalline  solid;  it  boils  at  2  2  7'^'6 
(44i°'6  F.)  under  the  pressure  of  751*2  mm.  of  mercury  at  27°  (8o*6  F.) 
(Korner). 

Orthochloriodobenzene  (CI :  I  =  i  :  2),  from  orthochloramidobenzene,  is  & 
liquid  boiling  above  233°  (45i°*4  F.)  (Korner). 

(1328)  Chloro- DERIVATIVES  OF  ToLUENE. — It  has  already 
been  pointed  out  that  the  action  of  chlorine  on  the  homologues 
of  benzene  causes  the  displacement  of  the  hydrogen  in  the 
Cg  group  when    the  hydrocarbon  is   well   cooled^  and  a  similar^ 
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result  is  obtained,  especially  in  presence  of  iodine,  and  molybdenic 
or  antimonic  pentachlorides,  even  if  the  hydrocarbon  be  heated. 
When  chlorine  acts  upon  the  boiling  hydrocarbon,  however,  the 
reaction  is  diflPerent,  only  the  hydrogen  in  the  side  chain  being 
displaced. 

To  prepare  the  former  class  of  derivatives,  a  small  quantity 
of  iodine  or  molybdenic  pentachloride*  is  added  to  toluene, 
and  the  mixture  gently  heated,  whilst  chlorine  is  passed 
into  it  until  about  the  theoretical  amount  has  been  employed ; 
this  may  readily  be  ascertained  by  connecting  an  apparatus  for 
absorbing  the  hydrochloric  acid  produced,  to  the  other  end  of  the 
condenser  to  which  the  flask  containing  the  mixture  is  attached ; 
the  flask  and  the  absorption  apparatus  being  weighed  together 
from  time  to  time.  The  product  is  then  fractionally  distilled, 
and  the  portion  which  boils  lower  than  the  derivative  which  is 
being  prepared  again  submitted  to  the  action  of  chlorine,  whilst 
the  portion  of  higher  boiling  point  may  be  employed  in  the  pre- 
paration of  higher  chlorinated  derivatives.  By  this  means,  the 
formation  of  those  derivatives  in  which  the  hydrogen  in  the  side 
chain  is  displaced  is  entirely  avoided,  although  they  may  readily 
be  prepared  in  a  similar  manner  by  merely  passing  the  chlorine 
into  pure  boiling  toluene,  taking  care  to  avoid  the  use  of  iodine 
or  metallic  chlorides. 

We  are  chiefly  indebted  to  Beilstein  and  Kuhlberg  and  to 
Limpricht  for  our  knowledge  of  these  compounds,  which  will  be 
found  described  at  length  in  the  following  papers : — Limpricht, 
Ann.  Chem.  Pharm.,  cxxxix.  503 ;  Beilstein  and  Geitner,  ibid. 
cxxxix.  331;  Beilstein  and  Kuhlberg,  ibid,  cxlvi.  317;  cl.  386; 
clii.  224  and  247 ;  clxxix.  282. 

The  various  chlorotoluenes  may  be  represented  in  a  very 
simple  manner  as  suggested  by  Beilstein  and  Kuhlberg,  by  in- 
dicating by  figures  placed  before  their  names  the  number  of 
atoms  of  hydrogen  displaced  by  chlorine,  either  in  the  CgHg  or 
the  CH3  group  of  toluene,  or  in  both  groups.  Thus  we  may  ■ 
distinguish  the  three  dichlorotoluenes  represented  by  the  \ 
formulae  : 

C,H3C1,.CH3  ;.C,H,C1.CH,C1  ;  C,H,.CHC1 
as   (2—0)  dichlorotoluene,  (i-i)  dichlorotoluene,   and    (0—2)    di- 


*  Although. this  substance  has  no(  been  much  used  hitherto,  it  is  probably'to 
be  preferred,  ior  when  iodine  is  employ  od,  small  quantities  of  iodo- derivatives  are 
formed  which  can  only  be  removed  witii  extreme  difiiculty. 
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chlorotoluene  respectively.  If  it  be  desired  to  give  systematic 
names  to  the  clilorotoluenes,  the  first  of  these  compounds  may  be 
termed  methyldichlorohenzene,  the  second  chloromethylchloro- 
benzene^  and  the  third  dichloromethylbenzene. 

(1329)  MoNOCHLOROTOLUENEs.  —  (i-o)  CMorotolueues  or 
Methylchlorobensenes :  CgH^Cl.CHg. — The  first  product  of  the 
action  of  chlorine  on  toluene  in  presence  of  iodine  consists  chiefly 
of  parachlorotoluene  (CH^  :  CI  =  j  :  4),  but  orthochlorotoluene  is 
also  produced:  the  mixture  of  these  bodies  boils  at  158° — 161° 
(3i6°-4— 32i°-8  F.),  and  has  at  27°  (8o°-6  F.)  the  sp.  gr.  1*073. 
It  is  not  known  whether  metachlorotoluene  (CH3 :  CI  =  i  :  3)  is 
also  formed.  Pure  parachlorotoluene  obtained  by  Griess's  re- 
action from  paramidotoluene  or  paratoluidine,  CgH^(NH2)CH3,  is 
a  white  crystalline  substance,,  melting  at  6^'^  [43° '7  ^•))  which 
boils  at  160  '5  (320  '9  F.) ;  it  furnishes  parachlorobenzoic  acid, 
CgH^CLCOOH,  on  oxidation  (Huebner  and  Majert,  Deut.  chem. 
Ges.  Ber.,  vi.  790).  Metachlorotoluene  similarly  prepared  from 
metatoluidine  is  a  liquid  which  boils  at  156°  (312°  8  F.),  and 
yields  metachlorobenzoic  acid  on  oxidation  (Wroblevsky,  Ann. 
Chem.  Pharm.y  clxviii.  147).  Potassic  cyanide,  acetate,  or  sul- 
phide, and  also  silver  salts  are  entirely  without  action  on  these 
i  chlorotoluenes. 

(o— i)  Chlorotoluene,  Chloromethylbenzene  or  Benzylic  chloride  : 
C^^^.CYi^Ql,  which  is  the  first  product  of  the  action  of  chlorine 
on  heated  toluene,*  is  also  formed  by  the  action  of  hydrochloric 
acid  on  benzylic    alcohol,   CgH5.CH2(OH).      It   is   a   colourless 
;  mobile  liquid,  the  vapour  of  which  produces  a  peculiar  irritation 
;  of  the  eyes,  causing    a  flow  of  tears,  whereas  the  (i— o)  chloro- 
I  toluenes  have  no  such  action.      It  boils  at  176°  (348°-8  F.),  and 
'\  also  has  a  higher  specific  gravity  than  (1—0)  chlorotoluene.      On 
oxidation  it  is   converted  into    benzoic   acid,  CgHg.COOH,  being 
far  more  readily  oxidized  than  its  isomerides ;  it   is    also  decom- 
posed when  heated  with  water,  sodic  ethylate,  alcoholic  ammonia 
solution,  or   potassic  cyanide  or   sulphide  in  alcoholic   solution. 
Benzylic  chloride,  in  fact,  closely  resembles  the  monochlorinated 
paraffins,  entering   into  reactions  of  double  decomposition,  and, 
like  them,  being  convertible  into  the  corresponding  alcohol. 


*  When  chlorine  is  passed  into  toluene  the  action  at  once  commences,  and 
much  heat  is  evolved,  so  that  if  the  current  of  gas  be  rapid  the  hydrocarbon  is 
even  caused  to  boil ;  the  product  consists  almost  entirely  of  benzylic  chloride. 
In  presence  of  iodine,  however,  the  action  is  comparatively  sluggish,  the  (i— o) 
chlorotoluenes  being  much  less  readily  formed  than  benzylic  chloride. 
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(1330)  DiCHLOKOTOLUENES. — "rheoretically  several  isomeric  modifications 
of  the  dichlorotoluenes,  CgllgCl^.CHg  and  CgH^Cl.CHgCl,  can  exist,  in  addition 
to  the  compound  CgHg.CHClg,  but  they  have  been  only  imperfectly  examined. 

(2-0)  DicJilorotoluene.  Methyldichlorohenzene :  CgHgCl.CHg,  formed  by  the 
action  of  chlorine  on  toluene  mixed  with  iodine,  boils  at  196  — 198°,  and  is  un- 
doubtedly a  mixture  of  isomeric  (2-0)  dichlorotoluenes  ;  it  appears,  however,  to 
contain  the  modification  CH^  :  CI  :  CI  =  1:3:4,  since  on  oxidation  it  fur- 
nishes a  dichlorobenzoic  acid,  CgHgCl.^.COOH,  melting  at  201°  (393°"8  F.), 
identical  with  that  obtained  by  chlorinating  benzoic  acid,  and  also  formed  on 
chlorinating  j)ara-  and  we^achlorobenzoic  acid  (Beilstein  and  Kuhlberg). 
(2—0)  Dichlorotoluene  is  oxidized  with  very  great  difficulty,  however,  and  in 
order  to  prepare  dichlorobenzoic  acid  from  it,  it  is  better  to  convert  it  into  the 
compound  CgHgCl^.CClg  by  passing  chlorine  into  the  boiling  dichlorotoluene  as 
long  as  any  action  takes  place ;  the  product  is  then  purified  by  fractional  distil- 
lation, and  heated  with  water  in  sealed  tubes  to  200"^  (392°  F.),  whereby  it  is 
completely  decomposed  in  the  following  manner : 

Cfif\.CQ\   +    20H^   -   CgH3CVC00H    -f  3HCI. 

The  compound  CgHgCl^-CClg  thus  obtained  by  Beilstein  and  Kuhlberg  boiled  at 
273°  (523°*4  F.).  By  acting  on  the  dichlorotoluene  formed  in  presence  of 
molybdenic  pentachloride  with  chlorine,  Aronheim  and  Dietrich  {Deut.  chem. 
Ges.  Ber.,  viii.  1401)  have  obtained  a  compound  having  similar  properties,  but 
they  also  isolated  by  fractional  distillation  an  isomeric  substance  boiling  at  about 
280°  (536°  F.),  which  on  decomposition  with  water  furnished  a  dichlorobenzoic 
acid  melting  at  122°  (25i°"6  F.),  which  is' perhaps  derived  from  the  (2-0) 
dichlorotoluene  CH^  :  CI  :  CI  =    i  :  2  :  4. 

(i— i)  Dichlorotoluene.  Chloromethylchlorohenzene  :  CgH^CLCH^Cl.— This 
compound  may  be  obtained  either  by  the  action  of  chlorine  on  boiling  (I— o) 
chlorotoluene  or  by  its  action  on  benzylic  chloride  in  presence  of  iodine  ;  the 
product  when  purified  by  fractional  distillation  boils  at  213® — 214°  (4i5°*4 — 
4I7°*2  F.).  Its  vapour,  like  that  of  benzylic  chloride,  has  an  irritating  action 
on  the  eyes.  It  furnishes  parachlorobenzoic  acid,  CgH^Cl.COOH,  on  oxidation, 
and  one  of  the  atoms  of  chlorine  may  be  readily  displaced  by  other  radicles  such 
as  CN,  HS,  &c.,  by  the  action  of  alcoholic  solutions  of  potassic  cyanide  or 
sulphydrate.  Inasmuch  as  the  action  of  chlorine  on  toluene  in  presence  of 
iodine  produces  a  mixture  oC  (l-o)  chlorotoluenes — although  the  product  consists 
chiefly  of  parachlorotoluene — there  can  be  little  doubt  that  isomeric  bodies  of  the 
composition  CgH^Cl.CHgCl  are  also  formed,  parachlorobenzylic  chloride  (CH^Cl  : 
CI  =   1:4)  being  merely  the  chief  constituent  of  the  product. 

(0—2)  dichlorotoluene.  Dichloromethylbenzene :  CgHg.CHClg. — This  body 
is  the  second  product  of  the  action  of  chlorine  on  boiling  toluene ;  it  is  also 
formed  from  benzoic  aldehyde  in  the  following  manner  : 

C,H,.COH    4-   PCI5   =   CgH^.CHCl,   -I-   POCI3   +    HCl. 

Benzoic  aldehyde.  (0-2)  Dichlorotoluene. 

It  is  a  colourless  liquid  of  faint  odour,  which  boils  at  about  206°  (402°"8  F.) ; 
■when  heated  with  water  to  150''  (302°  F.)  it  furnishes  benzoic  aldehyde.  It 
also  enters  into  reactions  of  double  decomposition,  being  converted  by  the  ac- 
tion of  argentic  acetate,  for  example,  into  the  compound  QJ^^.QHiC^^f)^^' 
By  the  action  of  oxidizing  agents  it  is  converted  into  benzoic  acid. 

(133 1 )  Teichlorotoluenes. — The  displacement  of  three  atoms  of  hy- 
drogen in  toluene  may  be  effected  in  such  a  manner  as  to  produce  the  following 
bodies : 

C,H,Cl3.CH3  ;  C^H^Cl^.CH.Cl  ;  C^H.Cl.CHCl,  j  CgH^.CCl,. 
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Moreover,  isomeric  modifications  of  each  of  these,  excepting  the  last,  are 
possible. 

(3-0)  Trichlorotoluene.  Methyltrichlorohenzene  :  CgH^Clg.CHg. — This  com- 
pound is  produced  with  the  greatest  readiness  when  chlorine  is  passed  into  toluene 
mixed  with  iodine,  until  the  weight  of  100  parts  of  the  hydrocarbon  is  increased 
to  2125  parts;  the  product  is  then  shaken  up  with  potassic  hydrate  solution, 
dried,  and  fractionally  distilled.  The  portion  which  passes  over  at  235° — 240° 
(455° — 464°  F.),  either  solidifies  spontaneously,  or  when  cooled  with  ice;  it  is 
separated  from  the  liquid  portion  by  pressing,  and  then  crystallized  from  alcohol. 
(3—0)  Trichlorotoluene  crystallizes  in  brilliant  prisms;  it  melts  at  76°  (i68*8 
E.),  and  boils  at  237°(458°*6  F.)  (Limpricht,  ibid,  cxxxix.  326).  On  oxida- 
tion it  is  slowly  converted  into  a  trichlorobenzoic  acid,  CgH^Clg.COOH,  melting 
at  i63°(32  5°'4  F.),  which  is  identical  with  that  obtained  by  chlorinating 
benzoic  acid ;  this  acid  is  more  readily  obtained  by  acting  on  the  boiling  (3-0) 
trichlorotoluene  with  chlorine  and  heating  the  resulting  compound,  CgH^Clg.CClg, 
with  water  to  260°  (500°  F.).  Aronheim  and  Dietrich  have  noticed  the  simul- 
taneous formation  of  a  liquid  trichlorotoluene  from  toluene,  by  the  action  of 
chlorine  in  presence  of  molybdenic  pentachloride. 

(2-1)  Trichlorotoluene.  ChloromethyldicMorohenzene :  CgHgCl^.CHgCl. — 
To  obtain  this  compound  benzylic  chloride  to  which  iodine  is  added,  or  boiling 
(2-0)  dichlorotoluene,  is  submitted  to  the  action  of  chlorine.  It  is  a  liquid 
which  boils  at  241°  (465°'8  F.).  One  of  the  atoms  of  chlorine  may  be  readily 
displaced :  thus  by  the  action  of  potassic  acetate  it  is  converted  into  the  com- 
pound  CgHgCl,.CH,(C,H30,). 

(1—2)  Trichlorotoluene.  Dichloromethylchlorohenzene :  CgH^Cl.CHClg. — 
This  body  is  prepared  bj  the  action  of  chlorine  on  boiling  chlorotoluene,  or 
on  (0-2)  dichlorotoluene,  CgHg.CHCl^,  in  presence  of  iodine.  It  is  a  liquid 
which  boils  constantly  at  234°  (453°'2  F.) ;  when  heated  with  water  to 
170°  (338°  F.)  it  is  completely  converted  into  hydrochloric  acid  and  parachloro- 
benzoic  aldehyde  : 

C^H^CICHCI^   +   OH2   =    CgH^ChCOH    +    2HCI. 

On  oxidation  it  furnishes  parachlorobenzoic  acid. 

(0-3)  Trichlorotoluene.  Trichloromethylhenzene :  CgHj.CClg. — This  com- 
pound is  obtained  with  the  greatest  readiness  by  passing  chlorine  into  boiling 
toluene  until  no  further  increase  of  weight  takes  place  ;  it  is  also  formed  by 
heating  benzoic  chloride  with  phosphoric  pentachloride  to  180°  (356°  F.)  in 
sealed  tubes : 

CgH,.COCl   4-    PCI3   =    CgH,.CCl3   +    POCl,.    ■ 

Benzoic  chloride.  (0-3)  Trichlorotoluene. 

It  is  a  colourless  liquid  which  boils  at  about  214°  (4i7°'2  F.);  it  is  only  slightly 
acted  upon  by  water  at  about  100°  (212°  F.),  but  when  heated  with  it  to 
150°  (302°  F.)  it  is  completely  converted  into  benzoic  acid  and  hydrochloric 
acid  : 

C.H^.CClg    +    2OH,   =    CgH^.COOH    +    3HCI. 

(0-3)  Trichlorotoluene.  Benzoic  acid. 

It  is  not  acted  upon  by  sodium  at  its  boiling  point,  but  when  digested  with 
sodic  ethylate  at  100°  (21 2°  F.)  it  is  converted  into  the  compound  Qfi^.Q{O0Jl.)^. 
Chlorine  appears  to  be  entirely  without  action  upon  it  even  at  its  boiling  point, 
but  when  a  small  quantity  of  iodine  is  present  the  hydrogen  in  the  Cg  group 
becomes  displaced. 
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(1332)  Tetkachloeotoluenes. — The  following  modifications  of  tetra- 
chlorotoluene  have  been  obtained  : 

C,HC1,.CH3    J     C,H,Cl3.CH^Cl     ;     C,H3C1,.CHC1,     ;     C3H,C1.CC]3. 

(4—0)  TetracMorotoluene.  MethyltetracMorohenzene :  CgHCl^.CH^. — This 
compound  is  formed  together  with  more  or  less  pentachlorotoluene  (5—0)  when 
toluene  is  treated  with  chlorine  in  presence  of  iodine  until  no  further  absorption 
of  chlorine  takes  place.  It  crystallizes  in  needles  which  melt  at  91°  (i95°"8  F.), 
and  it  boils  at  271°  (5i9°'8  F.). 

(3-1)  Tttrachlorotoluene.  Chloromethyltriclilorohenzene :  CgH^Cl^.CH.^Cl. 
— This  substance  is  prepared  by  passing  chlorine  into  boiling  (3-0)  trichloroto- 
luene.  It  is  a  liquid  which  does  not  solidify  at—  20°  (—4°  F.),  and  boils  con- 
stantly at  273°  (523°'4  F.).  It  readily  exchanges  one  atom  of  chlorine  for 
other  radicles :  thus  when  boiled  with  an  alcoholic  solution  of  potassic  acetate 
it  furnishes  the  compound  CgH.Clg.CH^lC^HgO.^). 

(2—2)  TetracMorotoluene.  Dichloromethi/ldicJilorohenzene:  CgHgClj  CHCl^. 
— This  substance  is  produced  by  the  action  of  chlorine  on  boiling  (2—0)  diclilo- 
rotoluene.  It  is  a  liquid  which  boils  constantly  at  257°  (494''-6  F.).  It  is 
slowly  oxidized  by  chromic  acid  solution  and  converted  into  ordinary  dichloro- 
benzoic  acid  ;  when  heated  with  water  at  220°  (428°  F.)  it  furnishes  dichloru- 
benzoic  aldehyde,  CgHgCl^.COH. 

(1-3)  TetracMorotoluene.  TricMorometkylchlorohenzene :  CgH^Cl.CClg. — 
This  derivative  has  been  produced  by  the  action  of  chlorine  in  presence  of  iodine 
on  (0—3)  trichlorotoluene,  but  would  doubtless  be  more  readily  formed  by  passing 
chlorine  into  boiling  (i— o)  chlorotoluene.  It  boils  at  245*^  (473°  ^■),  and  when 
heated  with  water  to  200°  (392^  F.)  it  is  completely  converted  into  hydrochloric 
acid  and  ^arachlorobenzoic  acid.  An  isomeric  body  which  furnishes  ortho- 
chlorobenzoic  acid  when  heated  with  water,  is  formed  by  the  action  of  pho.s- 
phoric  pentachloride  on  salicylic  acid  (Kolbe  and  Lautemann,  Ann.  Chem. 
Pharm.,  cxv.  195);  it  is  a  crystalline  solid,  which  melts  at  30°  (86°  F.)  and 
boils  at  260°  (500"  F).  A  third  isomeride,  furnishing  we^achlorobenzoic  acid 
when  heated  with  water,  is  obtained  by  the  action  of  phosphoric  pentachloride  on 

sulphobenzoic  chloride, C^H^  <  C()C\'  '^^  '^^  ^  liquid  which  boils  at  235°  (455°  F.). 

(1333)  Pentachloeotoluenes. — In  order  to  effect  the  displacement  of  the 
five  atoms  of  hydrogen  in  the  CgH.  groap  in  toluene  it  is  necessary  to  employ 
antimonic  pentachloride. 

(5-0)  Pentachlorotoluene,  or  Methyljpentaclilorohenzene,  CgClg.CHg,  boils 
without  decomposition  at  301°  (573°'8  F.)  and  melts  at  218°  (424^*4  F.).  It  is 
only  slightly  soluble  in  the  ordinary  solvents,  but  is  easily  soluble  in  hot 
benzene,  from  which  it  crystallizes  in  long  slender  needles.  It  is  not  acted  on  by 
boiling  concentrated  nitric  acid. 

(4—1)  Pentachlorotoluene.  Chloromethyltetrachlorohenzene :  CgHCl^.CHgCl. 
— This  compound  is  formed  by  passing  chlorine  into  boiling  (4-0)  tetrachloroto- 
luene.  It  is  a  liquid  which  boils  almost  without  decomposition  at  296°  {564°"8  F.). 
With  potassic  acetate  it  furnishes  the  compound  CgHCl^.CHglC^HgOg). 

(3—2)  Pentachlorotoluene.  DlchloromethyltrichlorohenzeTie:  CgHgClg.CHClj, 
is  formed  by  treating  boiling  dichlorotoluene  with  chlorine,  it  is  a  liquid 
which  boils  almost  undecomposed  at  about  280°  (536°  F.j,  and  solidities 
below  0°  (32°  F.)  to  a  mass  of  needle's.  It  is  converted  by  heating  with  water 
at  250°  (482°  F.)  into  trichlorobenzoic  aldehyde,  CgH.^Clg.COH. 

(2-3)  Pentachlorotoluene  or  trichloromethyldichlorohenzene,  CgH^Clg-CClg, 
is  produced  when  chlorine  is  passed  into  boiling  (2-0)  dichlorotoluene  until  no 


1335-]  CHLORO-DERIVATIVES    OF    TOLUENE.  317 

further  increase  of  weight  takes  place.  It  is  a  liquid  which  boils  at  273° 
(523°-4  F.).  When  heated  with  water  at  200°  (392°  F.)  it  yields  dichlorobenzoio 
acid.  Chlorine  alone  is  entirely  without  action  upon  it,  even  at  its  boiling  point. 
(1334)  Hexachloeotoluenes. — The  three  modifications  represented  by 
the  foiiowing  formulae  are  known : 

C,C1,.CH,C1  ;  C,HC1,.CHC1,  ;  C,H,Cl3.CCl3. 

(5—1)  HexacMorotoluene.  Chloromethylpentachlorohenzene :  CgClg.CH^Cl. 
— It  is  difficult  to  obtain  this  compound  by  the  action  of  chlorine  on  boiling 
(5—0)  pentachlorotoluene  on  account  of  the  high  boiling  point  of  the  latter,  and 
it  is  therefore  more  readily  prepared  by  passing  chlorine  into  benzylic  chloride 
mixed  with  iodine  until  no  further  absorption  takes  place.  The  product  is  a 
mixture  of  (3—1)  tetrachlorotoluene  and  (4-1)  pentachlorotoluene;  it  is  washed 
with  sodic  hydrate  solution,  dried,  and  distilled :  and  as  iodine  is  liberated  on 
distillation,  the  washing,  &c.,  is  repeated  until  the  whole  of  the  iodine  is 
removed.  The  chloride  is  then  mixed  with  one-tenth  of  its  weight  of  anti- 
monious  chloride,  SbClg,  and  chlorine  passed  into  the  gently-warmed  mixture 
until  no  further  absorption  occurs.  If  the  whole  of  the  iodine  be  not  removed, 
only  black  resinous  products  are  obtained,  which  decompose  on  distillation,  and 
this  is  also  the  case  in  the  preparation  of  (4-0)  tetrachlorotoluene  and  (5-0) 
pentachlorotoluene.  It  crystallizes  from  a  mixture  of  benzene  and  alcohol  in 
fine  needles,  which  melt  at  103°  (2i7°'4  F.).  It  boils  without  being  decom- 
posed at  325°— 327"^^  {6i7°-620°-6  F.).  By  heating  to  200°  (392°  F.)  with 
potassic  acetate  and  alcohol  it  is  converted  into  the  compound  CJ^l^.CH.^iC^JlJ^^), 

(4—2)  Hexachlorotoluene.  'Dichloromethyltetrachlorohenzene : 
CgHCl^.CHClg. — To  prepare  this  compound  chlorine  is  passed  into  boiling  (4-0) 
tetrachlorotoluene  as  long  as  absorption  takes  place,  and  the  mixture  of  (4—2) 
and  (4—3)  chlorotoluenes  separated  by  fractional  distillation.  It  is  a  liquid,  and 
boils  at  305°  (581°  F.).  When  heated  with  water  to  250°  (482°  F.)  it 
furnishes  tetrachlorobenzoic  aldehyde,  CgHCl^.COH.  In  its  preparation  from 
tetrachlorotoluene  a  certain  quantity  of  pentachlorobenzene  is  produced  : 

C.HCl^.CHg   +    4CI2   =    CgHCl,    +    CCl,    +    3HCI. 

{^-^)  Sexachlorotoluene.  Trichloromethyltrichlorobenzene :  CgH.Clg.CCl,. 
— This  body  is  formed  by  the  action  of  chlorine  on  boiling  (3-0)  trichlorotoluene. 
It  is  purified  by  fractional  distillation  and  crystallization  from  alcohol.  It  forms 
long  white  needles,  which  melt  at  82^"  (i79°*6  F.),  and  it  boils  at  308° 
(586°'4  F.).  By  the  action  of  water  at  250^  (482°  F.)  it  is  converted  into 
trichlorobenzoic  acid,  CgH^Clg.COOH.  In  the  preparation  of  this  compound  a 
quantity  of  tetrachlorobenzene  (melting  at  139°  C.)  is  always  produced  : 

C,H,Cl3.CCl3   +   CI,   =.   C,H,C1,   +   CCl,. 

(1335)  Heptachlorotoluenes. — The  modification  (5-2)  or  dichloro- 
methylpentachlorohenzene,  CgClg-CHCl,,  is  prepared  from  (0—2)  dichlorotoluene, 
which  is  treated  with  chlorine  in  presence  of  iodine  as  long  as  an  increase  of 
weight  takes  place ;  the  product  is  then  iireed  from  iodine,  digested  with  three 
or  four  times  its  weight  of  antimonic  pentachloride  and  distilled.  The  crude 
product  consists  of  (5—2)  and  a  small  quantity  of  (4—3)  heptachlorotoluene, 
together  with  a  substance  insoluble  in  alcohol.  The  5—2  modification  is 
obtained  pure  by  crystallization  from  alcohol  after  heating  with  water  to  300° 
(572°  F.),  by  which  it  is  not  afiected,  but  which  converts  the  (4-3)  modification 
into  tetrachlorobenzoic  acid.  It  crystallizes  in  long  pointed  plates,  melting  at 
109°  (228°-2  F.),  and  boils  undecomposed  at  334°-2  (633°-2  F.). 

(4-3)  Hejptachlorotoluene.  Trichloromethyltetrachlorohenzene:  CgHCl^.CClg, 
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is  most  readily  obtained  by  the  action  of  <rhlorine  on  boiling  (4—0)  tetra- 
chlorotoluene.  It  crystallizes  in  short  fine  needles  or  white  plates,  melting  at 
104°  (2i9°-2  F.),  and  boils  at  316°  (6oo°-8  F.).  It  is  not  altered  by  distFlla- 
tion  with  antimonic  pentachloride. 

All  attempts  to  prepare  an  octochlorotoluene,  CgClg.CClg,  were  unsuccessful. 
Thus  on  distilling  (ss)  and  (5-1)  hexachlorotoluene  with  antimonic  penta- 
chloride, the  product  consisted  of 'hexachlorobenzene,  CgClg,  and  the  same  com- 
pound was  obtained  on  heating  (4-3)  and  (5-2)  heptachlorotoluene  with  the 
chloride  in  sealed  tubes  to  280°  (536°  F.). 

In  the  following  table  a  list  of  the  chloro-derivatives  of  toluene,  together 
with  their  boiling  points  (°  C.)  and  specific  gravities  are  given.  Unless  otherwise 
itated  the  temperatures  are  uncorrected. 

Chloro-derivatives  of  Toluene. 


0-0  (Toluene). 

o-i 

0-3       1        0-3 

B.P.  111° 

Sp.  Gr.  0-882  at  0° 

B.P.  176° 
Sp.Gr.  1 -117310° 

B.P.  205°           B.P.  214° 

Sp.Gr.  1-255  at  14°  1   Sp.  Gr.  1-380  at  14° 

I-O 

i-i 

1-3 

1-3 

(Para)  B.P.  i6o°-5* 
(Meta)  B.P.  156° 

B.P.  214° 

Sp.Gr.  1-297  at  32° 

B.P.234° 

(Para)  B.P.  245° 

Sp.  Gr.  1-495  at  14° 
(Meta)  B.P.  235° 
(Ortho)  B.P.  260° 

M.P.  30° 

3-0 

3-1 

3-2 

2-3 

B.P.  196° 

Sp.Gr.  1-234  at  21° 

B.P.  241° 

B.P.  257° 

Sp.Gr.  I -5 18  at  22° 

B.P.  273= t 

Sp.Gr.  1-587  at  21° 

3-0 

3-1 

3-2 

3-3 

B.P.  23S° 
M.P.  76° 

B.P.  273° 

Sp.Gr.  1-547  at  23° 

B.P.  281° 

Sp.  Gr.  I '607  at  23° 

B.P.  308° 
M.P.  83° 

4-0 

4-1 

4-2 

4-3 

B.P.  271°   * 
M.P.  91° 

B.P.  296° 

Sp.Gr.  1-634  at  25° 

B.P.  306° 

Sp.  Gr.  1-704  at  25° 

B.P.  316° 
M.P.  104° 

5-0 

s-i 

S-2 

5-3 

B.P.  301° 
M.P.  318= 

B.P.  326° 
M.P.  103° 

B.P.  334° 
M.P.  109° 

(1336)  Chloro-deeivatives    of    the    Homologues    of    Toluene. — 
Chloroocylenes. — When  chlorine  is  allowed  to  act  upon  boiling  coal  tar  xylene  a 

3  .  is  obtained,  which  in  all  respects  re- 
sembles benzylic  chloride;  it  is  a  liquid  which  boils  constantly  at  193° 
(379°'4  F.),  and  exerts  a  most  irritating  action  upon  the  eyes.     By  the  further 

action   of   chlorine,  the  dichloro-derivative,  CgH^  <  po^pi*  is  produced.     This 

crystallizes  in  rhombic  plates  melting  at  100°  (212°  F.),  and  boils  at  240°— 245° 
(464°— 473°  F.),  but  at  the  same  time  undergoes  decomposition.     It  readily 


*  This  is  the  B.P.  of  pure  paraclilorotoluene  ;  but  the  product  from  toluene 
also  contains  orthochlorotoluene,  and  the  I— I,  1-2,  and  1—3  derivatives  prepared 
from  it  are  doubtless,  therefore,  mixtures  of  isomeric  bodies,  although  they 
consist  chiefly  of  the  para-derivative. 

t  Aronheim  and  Dietrich  have  obtained  a  liquid  isomeride  from  toluene 
boiling  at  about  280°. 
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exchanges  both  atoms  of  chlorine  for  other  radicles.     On  oxidation  it  furnishes 
terephthalic  acid,  CgH^(C00H)2,  and  is,  in  fact,  a  paraxylene  derivative. 

When  chlorine  acts  upon  xylene  in  presence  of  iodine,  however,  chloroxylenes 
are  obtained  which  do  not  exhibit  the  slightest  tendency  to  exchange  chlorine 
for  other  radicles.  Monochloroccylene,  CgH3Cl(CH3)2, boils  at  184°  {^6t,°-2  P.)  ; 
on  oxidation  with  chromic  acid  mixture  it  is  slowly  converted  into  a  chlorotoluic 
acid,  CgH3Cl(CH3).COOH,  which  melts  at  203°  (397°-4  F.).  Dichloroxylene 
is  crystalline  at  a  low  temperature,  and  boils  at  222°  (43i°-6  P.) ;  when 
oxidized  it  furnishes  dichlorotoluic  acid  melting  at  160°  (320°  P.).  Trichlo- 
roxylene  crystallizes  from  alcohol  in  white  needles  melting  at  150°  (302°  P.), 
and  it  boils  at  255°  (491°  P.)  without  undergoing  the  slightest  decomposition.  It 
is  not  in  the  least  attacked  either  by  nitric  acid,  or  by  chromic  acid  mixture,  and 
it  is  noteworthy  that  whereas  both  metliyl  groups  in  xylene  are  readily  oxidized, 
only  one  of  them  in  chloro-  and  dichloroxylene  is  converted  into  COOH,  and 
that  in  trichloroxylene  neither  is  affected  by  oxidizing  agents.  It  has  not  been 
determined  from  which  of  the  xylenes  these  chloroxylenes  are  derived.  By  the 
continued  action  of  chlorine  on  xylene,  first  in  presence  of  iodine,  and  afterwards 
in  presence  of  antimonic  chloride,  hexachlorobenzene  is  produced.  (Vollrath, 
Ann.  Ch.  Pharm.,  cxliv.  261  ;  Lauth  and  Grimaux,  ihid.  cxlv.  115; 
civ.  338;  Biedermann,  Deut.  chem.  Ges.  Ber.,  vi.  702). 

Chloromesitylenes. — Chlorine  acts  upon  well  cooled  mesitylene  with  great 
energy,  and  the  tendency  to  form  trichloromesitylene  is  so  pronounced  that  this 
compound  is  always  obtained  together  with  the  lower  derivatives,  even  when  only 
sufficient  chlorine  is  employed  to  convert  the  amount  of  hydrocarbon  taken  into 
the  monochloro-derivative.  To  separate  these  substances,  the  crude  product, 
after  it  has  been  washed  with  sodic  hydrate  solution,  is  dissolved  in  boiling 
alcohol ;  almost  the  whole  of  the  trichloromesitylene  separates  on  cooling,  and 
is  purified  by  several  recrystallizations  from  alcohol.  The  mono-  and  dichloro- 
mesitylene  are  precipitated  from  the  mother  liquor  by  water,  and  separated  by 
fractional  distillation. 

Monochloromesitylene,  QJ1^Q\{Q11^^,  is  a  colourless  liquid  which  boils  at 
204° — 206°  (399°*2 — 402°-8  P.)  ;  it  does  not  solidify  at  -20°(-4^  P.).  Puming 
nitric  acid  converts  its  almost  instantly  into  a  mixture  of  nitro-  and  dinitrochloro- 
mesitylene.  On  oxidation  by  dilute  nitric  acid  it  is  converted  into  chloromesi- 
tylenic  acid,  0^.f^\{QH^.-^.Q0O]l,  but  when  it  is  oxidized  with  chromic  acid 
mixture  only  acetic  acid  is  obtained. 

Dichloromesitylene,  CgHCl2(CH3)g,  crystallizes  from  alcohol  in  colourless 
glistening  prisms  which  melt  at  59°  (i38°*2  P.);  it  boils  at  244°  (47i°-2  P.). 
Chromic  acid  mixture  is  almost  without  action  upon  it. 

TricJiloromesitylene,  CgCl3(CH3)3,  crystallizes  from  alcohol  in  long  slender 
■needles,  which  melt  at  205°  (401°  P  ).  It  is  not  affected  even  by  long  boiling 
with  moderately  concentrated  nitric  acid  (Pittig  and  Hoogewerff,  ibid.  cl.  323). 

(1337)  Bbomo-deeivattves  of  Toluene. — The  action  of  bromine  on 
toluene  varies  according  to  the  temperature;  thus  with  boiling  toluene  (o — i) 
bromotoluene  or  benzylic  bromide,  CgHg.CHgBr,  is  produced.  This  compound 
closely  resembles  benzylic  chloride,  readily  exchanging  bromine  for  other  radicles; 
it  boils  at  about  202^^  (395°'6  F.),  and  at  22°  (7i°"6  P.)  has  the  sp.gr.  i"438. 
Its  vapour  exercises  a  most  irritating  effect,  upon  the  eyes.  According  to 
Korner  {Giornale  di  Scienze  naturalied  economiche,  JPalermoy  1869,  v.  244), 
when  bromine  and  toluene,  both  cooled  to  0°  (3  2°  P.),  are  carefully  mixed,  a  con- 
siderable quantity  of  benzylic  bromide  is  also  formed — although  under  these 
circumstances  the  reaction  only  takes  place  very  slowly ;  after  48  hours,  however, 
the  product  is  found  to  contain  from  200  to  330  grms.  of  benzylic  bromide  ios 
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every  looo  of  (i — o)  bromotoluenes.  At  the  temperatuve  of  9° — 12"  (48°'2 — • 
53°'6  F.),  on  the  contraiy,  bromine  readily  acts  upon  toluene,  and  if  the  former 
be  slowly  added  and  the  mixture  allowed  to  stand  24  hours  it  contains  only  from 
9  to  26  grms.  of  benzylic  bromide  for  every  1000  grms.  of  (i — o)  bromotoluenes. 
A  mixture  of  (l — o)  bromotoluenes  is  thus  formed,  consisting  chiefly  of  para- 
bromotoluene  (CHg  :  Br  =  i  :  4),  but  always  containing  a  considerable  amount 
of  orthobromotoluene  (1:2);  according  to  Korner,  the  third  isomeride  is  also 
present  in  small  quantity.  The  pure  (i — o)  bromotoluenes  maybe  obtained  by 
Grie«s's  method  from  the  pure  amidotoluenes  or  toluidines.  The  (i — o)  bromo- 
toluenes are  extremely  inert  substances,  and  their  vapours  have  no  irritating 
action  upon  the  eyes  ;  parabromotoluene  is  crystalline,  and  melts  at  2  8°"5 
(83°*3  F.),  whilst  the  isomerides  are  liquid,  and  of  lower  specific  gravity  than 
(o — i)  bromotoluene,  viz.,  about  i'40  at  20°  (68°  F.).  The  boiling  points  (°  C.) 
of  these  compounds,  according  to  Korner,  are  as  follows : 

Parabromotoluene  (1:4)  ...  18 4° '6 
Metabromotoluene  (i  :  3)  ...  i84°"5 
Orthobromotoluene  (i  :  2)     ...      182° 

Dihromotoluenes. — Although  toluene  is  readily  converted  into  (1-0) 
bromotoluenes,  the  displacement  of  a  second  atom  of  hydrogen  by  bromine  takes 
place  but  very  slowly :  even  after  many  days  contact  only  a  very  small  quantity 
of  a  crystalline  (2 — o)  dibromotoluene  being  obtained  (Fittig).  By  adding 
iodine  to  the  mixture  of  bromotoluenes  and  bromine  and  exposing  it  to  sunlight 
for  several  days,  however,  a  liquid  (2—0)  dibromotoluene  boiling  at  239° — 241° 
(462°'2  —  465°*8  F.)  is  readily  obtained  (Jannasch,  Ann.  Chem.  Pharm.y 
clxxvi.  286);  the  nature  of  this  product  has  not  yet  been  determined,  but 
in  all  probability  it  is  a  mixture  of  isomeric  (2 — o)  dihromotoluenes  consisting 
chiefly  of  the  modification  (CHg  :  Br  :  Br  =  1:3:4).  Wroblevsky  {ihid.  clxviii. 
147)  has  prepared  a  number  of  isomeric  dihromotoluenes  by  Griess's  reaction 
from  the  bromamidotoluenes  or  bromotoluidines,  but  their  constitution  in  all 
cases  has  not  been  satisfactorily  determined  ;  their  properties  are  given  in  the 
following  table  : 


DESCHIPTIOK. 

Constitution 
CH3:Br:Br. 

M.P.°Cent. 

B.P.°Cent. 

M.P.ofNitro- 
derivative. 

From  toluene  (Fittig)     

1:2:4  (?) 

107—108 

245 

- 

From  dibroraoparatoluidine 

1:3:5 

60 

241 

124 

From  dibromorthotoluidine  and  ortho- 

1  )romometatoluidine . 
Prom  metabromorthotoluidine  and  by 

brominatinp:  metabromotoluene. 
From  dibromometutoluidine 

i:2:3(?) 
1  :  2  :  5  (?) 
i:2:6(?) 

42-5 

liquid 

»» 

239 

238—239 

246 

59 

86-87 

79 

From  metabromoparatoluidine     

1:3:4 

11 

237 

86-87* 

(0-2)  Dibromotoluene,  CgHg.CHBr^,  prepared  by  the  action  of  phosphoric 
pentabromide  on  benzoic  aldehyde,  is  a  liquid  which  is  decomposed  on  dis- 
tillation. 

Tribomotoluenes. — Wroblevsky  has  obtained  two  (3-0)  tribromotoluenes  : 
the  modification  CHg  :  Br.  :  Br.  :  Br.  =  j  :  3  :  4  =  5  by  Griess's  reaction  from 
dibromoparatoluidine,  and  the  modification  1:2:4.6   (?)  from   tribrommeta- 


*  The  dibromotoluidine  formed  on  reducing  this  compound  melts  at  95°,  that 
derived  from  the  isomeride  from  the  dibromotoluene  from  metabromorthotoluidine 
melting  at  83°. 
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toluidine.  The  former  is  a  colourless  liquid  which  boils  at  260°  (500°  F.) ;  the 
latter  crystallizes  in  long  needles  which  melt  at  70°  (158°  F.),  and  it  boils  at  290^ 
(554°  F.). 

(1338)  Beomoxtlenes. — When  bromine  is  added  to  well  cooled  paraxylene, 
a  paradimethylbromobenzene,  C^H^Bi(CHg)2,  is  produced,  which  may  be  ob- 
tained in  glistening  colourless  plates  melting  at  10°  (50°  F.),  and  which  boils  at 
200°  (392°  F.)  (Jannasch).  By  the  action  of  an  excess  of  bromine  a  paradi- 
methyldihromohenzene,  CgH2Br,(CH3^)2,  is  produced ;  this  crystallizes  in  colour- 
less laminae  which  melt  at  72°  (i6i°'6  ¥.\  It  boils  at  256°  (492°-8  F.).  By 
the  action  of  bromine  on  boiling  paraxylene  an  isomeric  body,  CgH  (CH  Br).„ 
is  obtained  which  melts  at  145° — 147°  (293° — 296°  F.);  the  bromine  in  this 
compound  is  readily  displaced  by  other  radicles. 

MetadimethylhromoheTizene  or  hromometaxylene,  CgH3Br(CHg)2,  is.liquid, 
and  boils  at  205°  (401°  F.) ;  metadimethyldibromohenzene,  Cgll  Br  (CH  ).,, 
resembles  dibromoparaxylene  in  all  respects.  Metaxylene  also  furnishes  a  tetra- 
^romo-derivative,  CgBr^(CHg)2,  which  melts  at  241°  (465°-8  F.);  it  crystallizes 
from  alcohol,  in  which  it  is  difficultly  soluble,  in  long  slender  needles. 

Bromo- derivatives  of  orthoxylene  have  not  been  prepared  in  a  pure  state. 

Inasmuch  as  the  monobromo-derivative  of  each  of  the  three  xylenes  is  conver- 
tible into  pseudocumene  (p.  288),  it  necessarily  follows  that  bromine  always 
takes  up  such  a  position  as  to  form  a  derivative  of  the  1:2:4  series,  and  that 
the  constitution  of  the  bromoxylenes  is  that  represented  by  the  following  figures : 


CH,         r   ^Br  r^\cH^         /\^^ 


CH3  CH,  CH,  Br 

o  rf  S 

Pseudocumene.  Bromoparaxylene.  Bromometaxylene.         Bromorthoxylene. 

(1339)  Beomethylbenzene. — By  the  action  of  bromine  on  well  cooled 
ethylbenzene,  a  liquid  ethylhromohenzene,Qfl^YXj^^,  boiling  at  199°  (390°'2 
F.),  is  obtained;  this  is  doubtless  a  mixture  of  isomeric  bodies,  but  consists 
chiefly  of  paraethylbromobenzene  (C^Hg  :  Br  =  1:4)  as  it  furnishes  parabro- 
mobenzoic  acid  on  oxidation.  When  the  hydrocarbon  is  heated  to  about  140° 
(284°  F.),  however,  the  compounds  CgHg.CHBr.CH3  and  CgH^.CHBr.CH^Br, 
are  produced ;  the  former  is  a  liquid,  and  the  latter  a  crystalline  solid  melting  at 
68"  (i54°'4  F.) ;  both  are  very  unstable  substances,  and  readily  enter  into  reac- 
tions of  double  decomposition,  &c.  (Thorpe,  Proc.  Boy.  ^c.,xviii.  123  ;  Eadzis- 
zweski,  Deut.  chem.  Ges.  Ber.,  vi.  492). 

(1340)  Beomoteimethylbenzenes. — Bromomesitylene  is  a  colourless 
liquid,  which  becomes  solid  when  cooled  below  0°  (32°  F.),  and  boils  at  225° 
(437°  F.).  The  isomeric  bromopseudocumene  forms  crystalline  laminae  which 
melt  at  73°  (i63°'4  F.)  Tribromomesitylene  and  tribromopseudocumene,  how- 
ever, are  both  crystalline  and  melt  at  224°  (435°'2  F.). 

The  alteration  in  properties  induced  by  the  introduction  into  benzene  of  one 
or  more  methyl  groups  in  place  of  hydrogen  comes  out  very  strongly  in  the  for- 
mation of  the  bromo-derivatives.  Thus  the  conversion  of  benzene  into  bromo- 
benzene  takes  place  very  slowly,  but  toluene  is  readily  converted  into  bromo- 
toluene ;  the  formation  of  a  dibromotoluene,  however,  takes  place  with  much 
greater  difficulty  than  that  of  dibromobenzene.  The  xylenes  are  rapidly  trans- 
formed into  dibromo-derivatives  by  the  action  of  a  slight  excess  of  bromine,  and 

3  Y 
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the  trlmetliylbenzenes  furnish  tribromo-derivatives  with  such  readiness  that  it  is 
necessary  to  add  the  bromine  with  the  greatest  caution  in  order  to  obtain  mono- 
derivatives. 

(1341)  Bbomo-deeivatives  of  othee  Homologues  of  Benzene. — 
Very  few  of  the  bromo-derivatives  of  the  remaining  hydrocarbons  of  the  ben- 
zene series  have  been  carefully  examined,  although  a  considerable  number  of 
them  have  been  prepared;  several  interesting  subjects  for  inquiry,  therefore, 
still  present  themselves  in  this  direction.  For  instance,  we  do  not  know  what  is 
the  action  of  chlorine  and  bromine  on  hydrocarbons  containing  two  (or  more)  dif- 
ferent side  chains,  i.e.  in  which  of  the  side  chains  the  hydrogen  will  first  be 
displaced, — whether  in  the  more  or  the  less  complex  group — supposing  the  action 
to  take  place  upon  the  heated  hydrocarbmi.     Is  cymene,  for  instance,  converted 

by  the  action  of  chlorine  into  CgH^  <  ^\r  ^    ,  or  into  CgH^  <  ^\j  t,,  ? 

(1342)  lODO-DEEIVATIVES    OF   THE    HoMOLOGFES    OF    BeNZENE. So  few 

of  these  have  been  obtained,  and  so  little  is  known  about  them,  that  at  present 
they  do  not  possess  any  great  interest.  All  that  are  known  have  been  prepared 
from  the  corresponding  amido-derivatives  by  Griess's  method. 

Nitro-derivatives  of  Benzene  and  its  Homologues. 

(1343)  Preparation  and  Properties. — The  nitro-derivatives  of 
the  members  of  the  benzene  series  are  readily  obtained  from 
the  corresponding  hydrocarbons  by  the  action  of  concentrated 
nitric  acid,  or  a  mixture  of  concentrated  nitric  and  sulphuric  acids. 
In  this  reaction  it  is  always  the  hydrogen  in  the  Cg  nucleus 
which  is  displaced,  but  up  to  the  present  time  it  has  not  been 
found  possible  to  introduce  more  than  three  monad  NOg  groups 
in  place  of  the  corresponding  number  of  hydrogen  atoms. 

With  few  exceptions,  the  nitro-derivatives  are  crystalline 
bodies,  almost  insoluble  in  water,  but  readily  dissolved  by  alcohol, 
benzene,  and  many  other  solvents.  Their  behaviour  when 
treated  with  reducing  agents,  such  as  an  alcoholic  solution  of 
ammonic  sulphide,  tin  and  hydrochloric  acid,  &c.,  is  very  charac- 
teristic, as  they  are  converted  into  the  corresponding  arnido- 
derivatives,  the  NOg  group  being  changed  into  the  NHg  groi 
In  the  case  of  the  di-  and  tri-nitro-derivatives,  it  is  possible 
reduce  the  NOg  groups  one  by  one.  Thus  by  the  action 
ammonic  sulphide  on  the  dinitrobenzenes  amidonitrobensenes 
nitranilines  are  obtained  : 

C,H,(N0,)3  +   3SH,  =  C,H,(NO,)(NHj)   +  2OH,  +  3S 

Dinitrobenzene.  Amidonitrobenzcne. 

which,  by  further  treatment  with  a  more  powerful  reducing  agent, 
such  as  tin  and   hydrochloric   acid,  are  converted  into  diamic 
benzenes : 


CeH,(NO,)(NH,)  +   3H,  =  C,H,(NH^,  +  aOH 


amid^m 

m 
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Sometimes,  however,  the  NOg  group  is  not  only  reduced  to  NH^, 
but  the  NHg  group  is  removed  in  the  form  of  ammonia  and 
displaced  by  hydrogen.  Trinitromesitylene,  for  example,  is  con- 
verted on  treatment  with  tin  and  hydrochloric  acid  into  diamido- 
mesitylene,  the  triamidomesitylene  which,  doubtless,  is  first  formed, 
being  further  acted  upon  : 

C,(CH3)3(NO,)3  +   9H,  =  C,(CH3)3(NH,)3  +  60H,; 

Trinitromesitylene.  Triamidomesitylene. 

C,(CH3)3(NH,)3  +  H,  =  C,H(CH3)3(NH,),  +   NH3. 

Triamidomesitylene.  Diamidomesitylene. 

NiTRO-DERIVATIVES    OF    BeNZENE. 

(1344)  Nitrobenzene  :  CgH^-NOg. — This  compound  is  readily 
prepared  by  adding  benzene  to  fuming  nitric  acid  placed  in  a 
vessel  surrounded  with  water,  the  mixture  being  allowed,  however, 
to  become  somewhat  warm.  The  product  is  washed,  dried  with 
calcic  chloride,  and  distilled.  Nitrobenzene  is  a  pale  yellow 
liquid,  having  an  odour  resembling  that  of  bitter-almond  oil,  on 
which  account  it  is  much  used  by  perfumers  under  the  name  of 
^Essence  de  Mirbane/  It  boils  at  212° — 213°  (4i3°*6 — 4i5°*4F.). 
When  cooled  below  3°  (37°"4  F-)  it  crystallizes  in  prisms.  Nitro- 
benzene is  a  remarkably  stable  substance,  not  beiug  attacked  by 
chlorine  or  bromine  even  at  its  boiling-point :  in  presence  of 
iodine  or  antimonic  pentachloride,  however,  chlorine  acts  upon  it, 
forming  metachloronitrobenzene  and.  nitroparadichlorobenzene. 
Bromine  also,  when  heated  with  it  to  250°  (482°  F.)  gives  rise  to 
bromobenzenes,  the  oxygen  of  the  nitro-group  appearing  partly 
in  the  form  of  water,  partly  in  the  form  of  carbonic  anhydride, 
whilst  the  nitrogen  is  evolved  as  such. 

Fuming  sulphuric  acid  dissolves  nitrobenzene,  forming  a  mix- 
ture of  isomeric  nitrobenzenesulphonic  acids,  CgH^(M03)(HS03). 

Nitrobenzene  is  scarcely  affected  by  a  boiling  aqueous  solution 
of  potassic  hydrate,  but  by  the  action  of  an  alcoholic  solution  it  is 
converted  into  asoxybenzene,  (CgH.N)20,  and  azobenzene,  (CgH5).3N3. 
Nitrobenzene  is  converted  by  most  reducing  agents  into  ardline 
or  amidobenzene  (phenylamine)  : 

C^Hj.NO,  +  3H,  =  C,H,.NH,  +  30H,. 

Nitrobenzene.  Amidobenzene. 

When  it  is  reduced  by  the  action  of  ammonic  sulphite,  however, 
the  ammonic  salt  oi  phenylsulphamic  acid  is  produced, 
C,H,.NH(S03NH,). 
y3 
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(1345)  DiNiTROBENZENEs  :  CgH4(N02)2- — When  nitrobenzei'e 
is  gradually  introduced  into  a  mixture  of  equal  A^olumes  of  the 
strongest  nitric  acid  and  fuming  sulphuric  acid  until  it  ceases  to 
be  dissolved,  and  the  mixture  is  then  gently  heated  for  some 
hours,  until,  on  testing  a  portion,  it  is  found  that  the  oil  which 
separates  on  the  addition  of  water  solidifies  entirely  on  cooling,  it 
is  converted  into  dinitrobenzenes.  The  product,  however,  con- 
tains three  isomeric  compounds,  of  which  the  metadinitrobenzene 
(NOg  :  N0.3  =  i  :  3)  is  present  in  by  far  the  largest  quantity. 
These  isomerides  niay  be  separated  by  systematic  crystallization 
from  alcohol  {Chem.  Soc.  Journ.,  xxix.  207). 

Paradinitrobenzene  (1:4)  crystallizes  from  alcohol  in  nearly 
colourless  flat  needles  melting  at  171° — 172°  (339*^*8 — 34i°*6  F.) ; 
it  is  almost  insoluble  in  water,  moderately  soluble  in  ether, 
benzene,  or  chloroform,  and  slightly  soluble  in  cold  alcohol. 

Mttadinitrohenzene  (1:3)  crystallizes  in  long  glistening  almost 
colourless  needles,  and  melts  at  89°'8  (i93°'8  F.).  It  is  extremely 
soluble  in  boiling  alcohol,  but  only  slightly  soluble  in  cold 
alcohol. 

Orthodinitrobenzene  (1:2)  crystallizes  from  dilute  alcohol  in 
almost  colourless  needles,  resembling  sublimed  benzoic  acid,  and 
from  absolute  alcohol  in  large,  striated,  pale  golden- yellow  prisms 
or  large  transparent  tables.  It  melts  at  ii7°"9  (^44°'^  ^')i  ^^* 
a  mixture  of  equal  parts  of  meta-  and  orthodinitrobenzene  melts 
constantly  at  64° — 65°  (i47°*2 — 149  F.)  ;  it  is  considerably  less 
soluble  in  boiling  alcohol  than  the  meta-  compound. 

(1346)  NiTEOTOLUENFS. — By  the  action  of  nitric  acid  on  toluene,  a  mixture 
of  ^ara-  and  orthonitrotolueve  in  variable  proportions  is  produced  :  the  more 
violent  the  reaction — that  is  to  say,  the  stronger  the  acid,  and  the  higher  the 
temperature  at  which  it  takes  place, — the  greater  is  the  proportion  of  paranitro- 
toluene ;  the  amount  of  paranitrotoluene  produced,  however,  never  exceeds  64*8 
per  cent,,  and  is  never  less  than  2>Z'Z  P^r  cent,  of  the  total  product  (Rosenstiehl, 
Ann.  Chem.  Fhys.  [4],  xxvii.  433).  Beilstein  and  Kuhlberg  affirm  that  the 
two  nitrotoluenes  may  be  separated  by  repeated  fractional  distillation,  but 
Rosenstiehl,  who  has  examined  the  action  of  nitric  acid  on  toluene  in  a  most 
careful  and  exhaustive  manner,  and  whose  memoir  on  the  subject  deserves 
attentive  study,  states  that  it  is  impossible  entirely  to  separate  them  in  this 
manner ;  in  fact,  although  the  pure  para-derivative  may  be  isolated  from  the 
mixture,  pure  orthonitrotoluene  can  only  be  obtained  indirectly  from  toluene. 
Pure  paranitrotoluene  is  readily  prepared  from  the  crude  product  by  cooling  it 
by  means  of  a  good  refrigerating  mixture ;  the  crystals  which  separate  are  re- 
moved and  purified  by  crystallization  from  alcohol.  Pure  orthonitrotoluene  may 
be  obtained  by  Griess's  method  from  the  amidonitrotoluene,  CgHg.NH^.NO^.CHj, 
prepared  by  reducing  orthoparadinitrotoluene  with  amnionic  sulphide  (Beilbtein 
and  Kuhlberg,  Ann.  Chem.  Pharm.,  civ.  i). 

A  third  modification,  metanitrotoluene,  is  formed  on  nitrating  acetoparami- 


1347']  NITROXYLENES.  325 

dotoluene  or  paracetoluid,  CgH^.CH3.NH(CgH30),  and  displacing,  by  Griess's 
method,  the  NH^  group  in  the  nitroparamidotoluene  obtained  from  this 
compound,  by  hydrogen.  The  three  isomeric  nitrotoluenea  have  the  following 
properties : 


Melting-point. 

Boiling-point. 

Sp.  gr. 

Paranitrotoluene 

547Cent.) 

236"  (uncor.) 

— 

Metanitrotoluene 

liquid 

231°    » 

ri68  at  22°. 

Orthonitrotoluene 

liquid 

223°     „ 

IT63  at  23°-5. 

By  the  action  of  chromic  acid  mixture,  para-  and  metanitrotoluene  are  readily 
oxidized  to  para-  and  metanitrobenzoic  acids,  CgH^.NO^.COOH,  whilst  orthonitro- 
toluene is  completely  decomposed  under  these  circumstances. 

Dinitrotoluenes . — By  the  action  of  the  strongest  nitric  acid,  or  a  mixture  of 
nitric  and  sulphuric  acids,  on  paranitrotoluene,  orthoparadinitrotoluene 
(CHg  :  NOj  :  NO2  =1:2:4)  is  produced  j  it  crystallizes  in  almost  colourless 
needles,  which  melt  at  about  70°  (158°  F.).  The  same  body  is  obtained, 
together  with  a  liquid  isomeride,  which  is  probably  diortkodinitrotoluene 
(CHg  :  NO2  :  N02=  1:2:  6),  by  nitrating  orthonitrotoluene  (Rosenstiehl,  loc. 
cit.  ;  Cunerth,  Ann.  Chem.  Pharm.,  g\\^\\.  221).  A  third  dinitrotoluene  is 
produced  by  agitating  metanitrotoluene  with  the  strongest  nitric  acid  for  some 
time;  it  forms  long  colourless  needles,  which  melt  at  60°  (140°  F.)  (Beilstein 
and  Kuhlberg,  loc.  cit.). 

Trinitrotoluenes. — By   heating   orthoparanitrotoluene    with  a    mixture    of 

j  faming  sulphuric  and  nitric  acids  it  is  gradually  converted  into  a  trinitrotoluene, 
which  melts  at  8o°"5  (i76°'9  F.) ;  the  same  compound  is  obtained  on  simiLirly 
treating  the  mixture  of  nitrotoluenes  formed  by  nitrating  toluene.  As  this 
compound  on  reduction  furnishes  a  dinitroaraidotoluene  identical  with  that  formed 
from  the  dinitroparacetoluid,  produced  by  nitrating  paracetoluid,  there  can  be 
but  little  doubt  that  the  NO^  groups  are  in  the  positions  2:4:6  relatively  to 

\  the  CH,  group. 

An  isomeric  trinitrotoluene  is  produced  by  nitrating  metanitrotoluene 
(Beilstein  and  Kuhlberg,  loc.  cit.  and  clviii.  341  j  Tiemann,  Deut.  chem.  Ges. 
Ber.,  iii.  217  ;  Mills,  Phil.  Mag.,  1875). 

!         (1347)  NiTEOXYLENES. — As    the    xylenes    are    converted    into    dinitro- 

j  derivatives  with  the  greatest  readiness,  the  preparation  of  the  mononitroxylenes 

I  is  a  matter  of  some  difficulty.     Nitroparadimethylhenzene,  C^J^O^{0H^^, 

\  is  obtained  by  carefully  adding  the  calculated  amount  of  nitric  acid  to  well  cooled 

paraxylene ;  it  is  a  colourless  oil  which  boils  at  234° — 237°  (453°*2 — 45^°"^  ^•) 

(Jannasch,  Ann.  Chem.  Pharm.,  clxxvi.  55).     By  the  action  of  a  slight  excess 

of  fuming  nitric  acid  on  paraxylene,  a  mixture  of  two  isomeric  i^«^^ro-derivative^, 

in  about  equal  quantities,  is  produced,  one  of  which  melts  at  93°  (i99''*4  F.), 

and  the  other  at  125°  (257°  F.);  they  may  be  separated  by  crystallization  from 

alcohol,    the    former    being    more    soluble    than    the    latter    (Jannasch,    ihid. 

clxxi.  81).     By  the  action  of  a  mixture  of  concentrated  sulphuric  and  fuming 

nitric  acids,  paraxylene  is  converted  into  trinitroparaxylene,  even  in  the  cold  if 

allowed  to  stand  for  some  time ;  this  is  much  more  soluble  in  hot  alcohol  than  the 

isomeric   metaxylene  derivative,   and   crystallizes    in  larger  colourless  needles, 

which  melt  at  137°  (278°-6  F.)  (Fittig,  Ahrens  and  Mattheides,  ihid.  cxlvii.  23). 

Nitroraetaxylene,  prepared  by  Griess's   method,  from  the  amidonitrometa- 

xylene  from  dinitrometaxylene,  melts   at   2°  (35°'6  F.),   and  boils  at  237°— 

239°  (458°-6— 462°  2  F.).     By  gently  warming  the  solution  of  metaxylene  in 

fuming  nitric  acid,  it  is  entirely  converted  into  dinitrometaxylene,  which  melts  at 

thy  isame  temperature  as  the  isomeric  paraxylene  derivative ;  it  crystallizes  m 
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large  colourless  flattened  needles ;  whereas  tlie  dinitroparaxylene,  which  melts  at 
93°,  forms  large  well  developed  monoclinic  prisms.  By  gently  warming  with  a 
mixture  of  sulphuric  and  nitric  acids  metaxylene  is  rapidly  converted  into  the 
^r?'««^ro-derivative,  which  melts  at  176°  (348'''8  F.),  and  crystallizes  in  thin 
colourless  flattened  needles  {loc.  cit.). 

The  uitro  derivatives  of  orthoxylene  have  not  been  examined ;  even  after 
prolonged  heating  with  nitric  acid  it  only  furnishes  liquid  products. 

(1348)  N1TEOTKIMETHYLBENZENE8. — Pseudocumene  is  readily  converted 
into  the  mononitro-derivative  by  the  action  of  cold  fuming  nitric  acid.  Nitro- 
jjseudocumene  crystallizes  in  long  almost  colourless  needles,  which  melt  at  7 1° 
(i59°"8  F.)  J  it  may  be  dissolved  in  cold  fuming  nitric  acid  unchanged,  whereas 
the  isomeric  nitromesitylene  is  so  readily  converted  into  the  dinitro-derivative, 
that  the  latter  is  obtained  almost  as  sole  product  on  dropping  mesitylene  into 
cold  fuming  nitric  acid.  Pure  dinitropseudocumene  has  not  been  obtained. 
Pseudocumene  readily  furnishes  the  trinitro-derivative  when  added  to  a  cold 
mixture  of  2  vols,  concentrated  sulphuric  acid  with  i  vol.  fuming  nitric  acid. 
Trinitropsendocumene  crystallizes  in  colourless  prisms,  which  melts  at  185° 
(365°  F.)  (Fittig  and  Laubinger,  Ann.  Chem.  Pharm.,  cli.  259). 

Nitromesitylene,  obtained  by  the  action  of  ordinary  nitric  acid  (sp.  gr.  i'38) 
on  mesitylene,  crystallizes  in  well  developed  pale  yellow  prisms,  which  melt  at 
41^  (io5°*8  F.)  (Fittig  and  Storer,  ibid.,  cxlvii.  i  ;  Biedermann  and  Ledoux, 
Deut.  chem.  Ges.  Ber.,  viii.  57). 

Dinitromesitylene  forms  tine  colourless,  glistening  rhombic  crystals,  which 
melt  at  ^6°  (i86°"8  F.) ;  it  is  one  of  the  most  characteristic  derivatives  of 
mesitylene.  Mesitylene  is  converted  in  a  few  minutes  into  trinitromesitylene 
by  the  action  of  a  cold  mixture  of  i  vol.  of  fuming  nitric  with  2  vols,  con- 
centrated sulphuric  acid ;  it  crystallizes  in  colourless  needles,  which  melt  at 
232°  (449°'6  F.),  and  are  very  difficultly  soluble  in  hot  alcohol :  trinitropseudo- 
cumene,  on  the  contrary,   dissolves  readily  (Fittig,  Ann.  Chem.  Pharm.,  cxU. 

It  is  noteworthy  that,  to  convert  benzene  into  nitrobenzene,  it  is  necessary  to 
employ  very  strong  nitric  acid,  and  even  then  the  action  is  of  a  very  mild 
character,  whilst  dinitrobenzene  is  only  formed  after  heating  with  a  mixture  of  the 
strongest  nitric  and  sulphuric  acids.  Toluene  is  far  more  readily  converted  into 
nitrotoluene,  and  furnishes  dinitrotoluene  with  no  great  difficulty ;  it  may  even 
be  converted  into  ^Wnitrotoluene  by  prolonged  warming  with  nitric  and  sulphuric 
acids.  The  dimethylbenzenes  readily  furnish  dinitro-derivatives ;  and,  lastly, 
the  trimethylbenzenes  are  so  readily  converted  into  trinitro-derivatives  that 
special  precautions  are  required  in  order  to  prevent  their  formation  when  lower 
derivatives  are  being  prepared. 

Very  little  is  known  of  the  nitro-derivatives  of  the  remaining  hydrocarbons 
of  the  benzene  series.  By  the  action  of  nitric  acid  on  ethylbenzene,  Beilstein  and 
Kuhlberg  {ibid.  clvi.  206)  have  obtained  a  mixture  of  isomeric  ethylnitrohen- 
isewe;?,  CgH^.NO.^.C^Hg,  corresponding  to  the  mixture  of  isomeric  nitrotoluenes 
formed  on  nitrating  toluene.  Both  are  liquid  and  boil  respectively  at  245^ 
(473°  F.)  and  227°  (440°'6  F.) ;  the  former  is  converted  into  paranitrobenzoic 
acid  on  oxidation,  but  the  latter  does  not  furnish  a  corresponding  acid. 

Cymene  also  yields  two  mononitro-derivatives  ;  the  chief  product  is  liquid, 
the  isomeric  compound,  however,  is  crystalline,  and  melts  at  125°  (257°  F.) 
(Fittica,  i6?(Z.  clxxii.  313). 
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Cyano-Derivatives  of  Benzene  and  its  Homologues, 

(1349)  Cyano-derivatjves  of  Benzene.  —  Cyanobenzene, 
Phenylic  cyanide,  or  Benzonitrile  :  CgHg.CN  or  CgH^.C^N. — This 
compound  may  be  obtained 

1.  By  distilling  a  mixture  of  the  potassic  or  sodic  salt  of 
benzenesulphonic  acid  with  potassic  cyanide  or  ferrocyanide : 

CgH^.SOgK   -h  KCN   =   CgH,.CN   +    SOgK^. 

Potassic  benzenesulphonate.  Cyanobenzene. 

2.  By  distilling  benzamide  with  phosphoric  anhydride  or 
pentasulphide : 

CgH5.CO.NH2   +  P2O5   =   CgH^.CN   +  2HPO3. 

Benzamide.  Cyanobenzene. 

3.  By  digesting  together  potassic  thiocyanate  and  benzoic 
acid,  and  afterwards  distilling  (Letts,  Deut.  chem.  Ges.  Ber.,  v. 
673).  Probably  benzamide  is  first  produced  and  subsequently 
resolved  into  cyanobenzene  and  water  under  the  influence  of  the 
potassic  benzoate  (Kekule,  ibid.  vi.  no)  \ 

aCgH^.COOH  +  KCNS  =  CgH^.CO.NH^  +  COS  +  CgHg.COOK. 

Benzoic  acid.  Potassic  Benzamide.  Carbonic  Potassic 

thiocyanate.  oxysulphide.  benzoate. 

4.  Cyanobenzene  is  also  formed  by  distilling  the  product 
of  the  action  of  benzoic  chloride  on  argentic  cyanate  (Schiitzen- 
berger)  : 

CgHg.COCl   +  AgOCN  =   CgH^.COOCN  +  AgCl ; 

Benzoic  chloride.  Benzoic  cyanate. 

CgHg.COOCN  =   CgH5.CN  +  COg. 

Benzoic  cyanate.  Cyanobenzene. 

5.  By  distilling  a  mixture  of  oxalic  acid  and  aniline  (Hof- 
mann). 

6.  By  digesting  phenylic  isothiocyanate  with  finely  divided 
metallic  copper  at  its  boiling  point;  the  isothiocyanate,  CgH^.NCS, 
is  doubtless  first  converted  into  the  isocyanide  or  isocyanobenzene, 
CgHg.NC,  which  then  undergoes  isomeric  change  and  is  trans- 
formed into  cyanobenzene ;  this  is  rendered  highly  probable  by 
the  fact  that  when  isocyanobenzene  is  heated  alone  in  sealed 
tubes  for  2—3  hours  to  200°— 220°  (392°— 428°  F.)  it  undergoes 
this  change  (Weith,  ibid.  vi.  210). 

Cyanobenzene  is  a  colourless  mobile  liquid  having  an  odour 
somewhat   resembling   that  of  bitter   almonds  j  it  boils  at  191 
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(375^*8  F.).  When  heated  with  water  it  is  slowly  converted  into 
amraonic  benzoate^  but  it  is  far  more  readily  decomposed  in 
presence  of  acids  or  alkalies ;  on  boiling  with  an  alcoholic  solution 
of  potassic  hydrate  it  is  rapidly  converted  into  potassic  benzoate. 
Cyanobenzene  combines  with  the  haloid  acids,  forming  compounds 
such  as  C7H5N,2HBr  and  CyHgN^HCl.  By  the  action  of  fuming 
nitric  acid  it  is  converted  into  crystalline  metanitrocyanobenzene, 
CgH^.NOg.CN.  When  heated  with  bromine  to  140° — 150° 
(384° — 302°  F.)  it  furnishes  a  small  quantity  of  a  substance  of 
the  composition  CyH^NBrg  (?  C^H^BrN.HBr);  a  crystalline  body 
represented  by  the  empirical  formula  C^HgNBr,  the  nature 
of  which  has  not  been  determined;  and  a  viscid  substance 
(Engler). 

Cyanobenzene  is  readily  polymerized.  Thus  when  it  is 
gently  heated  with  sodium  it  furnishes  cyaphenine — a  body  of  the 
same  empirical  composition  as  the  original  substance — together 
with  sodic  cyanide  and  another  carbon  compound  (Hofmann). 
Cyaphenine  is  also  formed  by  the  action  of  benzoic  chloride  on 
potassic  cyanate  (Cloez) ;  and  from  the  compound  C^HgNBr 
from  cyanobenzene,  which,  when  heated,  splits  up  into  cyaphenine, 
bromine,  and  cyanobenzene.  Cyaphenine  is  only  slightly  soluble  in 
alcohol  or  ether,  but  readily  soluble  in  carbonic  disulphide ;  it 
crystallizes  in  small  needles  which  melt  at  224°  (435°' 2  F.).  It 
does  not  furnish  ammonia  when  boiled  with  an  alcoholic  solution 
of  potassic  hydrate  (Engler,  Ann.  Cfiem.  Fharm.,  cxlix.  310).  It 
dissolves  in  sulphuric  acid,  being  converted  into  a  sulpho-acid  ; 
whilst  fuming  nitric  acid  transforms  it  into  a  crystalline  mono- 
nitro-deriv  ative. 

Isocyanobenene,  Phenylic  isocyanide,  or  Phenylcarbamine : 
CgHg.NC  or  CgHg.NzzC. — This  compound  is  formed  on  distilling 
a  mixture  of  chloroform,  aniline,  and  an  alcoholic  solution  of 
potassic  hydrate  (Hofmann,  ibid,  cxliv.  117): 

CHCI3  +  CgHg^NHg  4-  3KHO  =  CgHg.NC  +  3KCI  4-  3OH2. 

Chloroform.  Aniline.  Isocyanobenzene. 

It  is  a  mobile  liquid,  blue  by  reflected  and  green  by  transmitted 
light.  It  has  a  pungent,  most  unpleasant,  aromatic  odour  like 
that  of  hydrocyanic  acid,  and  its  vapour  produces  an  intensely 
bitter  taste  upon  the  tongue,  and  a  suffocating  sensation  in  the 
throat.  It  boils  at  about  160®  (320°  F.),  but  is  at  the  same 
time  partially  decomposed.  It  is  easily  distinguished  from  the 
isomeric  compound  by  the  energy  with  which  it  enters  into 
reaction  with  various  bodies.     TJius  it  unites  very  readily  with 
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metallic  cyanides  forming  crystalline  double  cyanides,  and  when 
heated  with  sulphur  combines  with  it  to  form  phenylic  isothiocya- 
nate.  CgHg.NCS  (Weith,  Deut.  chem.  Ges.  Ber.,  vi.  210) ;  ben- 
zonitrile,  on  the  contrary,  unites  but  slowly  with  metallic  cyanides, 
and  does  not  combine  with  sulphur.  The  isocyanide,  moreover, 
is  scarcely  altered  by  alkaline  solutions,  although  they  readily  decom- 
pose benzonitrile ;  and  it  is  easily  decomposed  even  by  dilute  acids 
and  with  great  evolution  of  heat  by  concentrated  acids,  whereas 
benzonitrile  is  affected  by  acids  only  on  heating.  The  reactions 
which  take  place  are  represented  by  the  following  equations  : 

CgH^.NC  +   OH2  =   CgH5.NH(HC0) ; 

Isocyanobenzene.  Phenylformamide. 

CgH5.NH(HC0)    +   OHg  =   CgH^.NHg  +  HCOOH. 

Phenylformamide.  Aniline.  Formic  acid. 

CN.C,H,  +  NH,.C,H,  =  CH  (!J  ^  H^' 

L       *     6      5* 

Isocyanobenzene.  Aniline.  Methenyl-  diphenyl- 

diamine. 

Faradicyanohenzene  :  CJIJS^'^)^,  (CN  :  CN  =  i  :  4),  prepared  by  distilling 
a  mixture  of  the  potassic  salt  of  benzeneparadisulphonic  acid,  CgH^(S03H)2,  and 
potassic  cyanide,   crystallizes   in  long  thin  needles,  and   melts  at  about  220 
(428°  F.) ;   when  decomposed  by  boiling  with  potassic  hydrate  solution  it  fur- 
nishes terephthalic  acid,  CgH^(C00H)2. 

Metadicyanobenzene  (CN  :  CN  =1:3),  similarly  prepared  from  benzene- 
metadisulphonic  acid,    crystallizes    in  fine  short  needles;    it  melts   at     160 
(320°  F.),  and  yields  isophthalic  acid  (Barth  and  Senhofer,  Deut.  chem.  Ges. 
Her.,  viii.  254;  1481). 

(1350)  Cyano-derivatives  of  the  Homologues  of  Benzene. — A  num- 
ber of  cyano-derivatives  have  been  obtained  by  distilling  mixtures  of  potassic 
cyanide  with  the  potassic  salts  of  the  sulpho-acids,  derived  from  the  homologues 
of  benzene,  but  little  is  known  of  them  j  in  all  of  these  the  cyanogen  is  present  in 
the  Cg  group.  Cyano-derivatives  have  also  been  formed  from  the  chloro-deriva- 
tives  of  the  homologues  of  benzene  containing  chlorine  in  the  side  chain,  by 
double    decomposition   with    potassic  cyanide :    the    compounds  CgHg.CH^.CN, 

C,H.(CH,.CN)„  C.H,.C,H..CN,C.H,  |  ^^^^^^  andC.H,  {  c'^^cN'"'"™  ^''" 

thus  prepared.     With  the  exception  of  the  dicyano-derivative  of  xylene,  which  is 
crystalline,  they  are  all  colourless  liquids. 

Nitro-haloid  Derivatives  of  Benzene  and  its  Homologues. 

(1351)  The  various  haloid  derivatives  of  benzene  and  its 
homologues,  formed  by  the  displacement  of  one  or  more  atoms  of 
hydrogen  in  the  Cq  group  by  halogens,  are  all  more  or  less  readily 
converted  into  nitro-haloid  derivatives  by  the  action  of  nitric  acid. 
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The  haloid  derivatives  containing  the  halogen  in  the  side  chain 
appear  also  to  yield  nitro-haloid  derivatives  on  careful  treatment 
with  nitric  acid^  although  but  very  few  compounds  of  this  class  have 
been  obtained.  The  formation  of  nitro-haloid  derivatives  from 
nitro-derivatives  has  been  realized  in  but  a  very  limited  number  of 
cases ;  in  fact^  the  only  compounds  which  have  been  prepared  in 
this  way  are  metachloronitrobenzenej  CeH^Cl.NOg,  and  idtropara- 
dichlorohmzene,  CgHgClg.NOo,  formed  by  the  action  of  chlorine 
on  nitrobenzene  in  presence  of  iodine  or  antimonic  pentachloride, 
and  ortho-  smd  paranitro-  (o  — i)  chlorotoluene,  CgH^.NOo-CHgCl, 
obtained  by  the  action  of  chlorine  on  heated  ortho-  and  para- 
nitrotoluene  (Wachendorff,  Deut.  chem.  Ges.  Ber.,  viii.  iioi).  A 
considerable  number  of  nitro-haloid  derivatives  have  been  pro- 
cured by  Griess^s  method  from  nitro-haloid-amido-derivatives  of 
benzene  and  its  homologues. 

A  very  large  number  of  nitro-haloid  derivatives  of  benzene 
and  its  homologues  have  been  obtained  by  these  various  methods, 
but  it  will  be  impossible  to  give  here  more  than  a  general  account 
of  their  formation  and  properties.  With  very  few  exceptions 
they  are  crystalline  substances,  insoluble,  or  nearly  so,  in  water, 
but  soluble  in  alcohol,  ether,  benzene,  &c.  In  most  cases  the 
bromo-derivatives  have  been  more  completely  examined  than 
either  the  chloro-  or  iodo-  derivatives. 

(1352)  NiTEO-HALoiD  Deeivatives  OF  Benzene.  NUro-monolialuid 
derivatives. — Chloro-  bromo-  and  iodobenzene  each  furnish  a  mixture  of  the 
para-  and  orthomononitro-^QrwAtixQ^  on  treatment  with  fuming  nitric  acid ; 
the  para-derivative  is  always  the  main  product,  but  a  relatively  larger  propor- 
tion of  the  ortho-derivative  appears  to  be  formed,  the  more  violent  the  treatment 
to  which  the  haloid  benzene  derivative  is  submitted :  thus  the  best  yield  of 
orthonitrobromobenzene  is  obtained  by  adding  the  bromobenzene  to  nitric  acid 
of  the  sp.  gr.  1-5  heated  to  90° — 95°  (194°— 203°  F.)  (Zincke  and  Walker, 
ibid.  V.  114).  Moreover,  iodobenzene  appears  to  furnish  relatively  the  largest 
amount  of  the  orthonitro-derivative,  as  much  as  40  per  cent,  of  the  product  con- 
sisting under  favourable  conditions  of  orthonitroiodobenzene  (Korner).  Meta- 
nitro-chloro,  bromo-  and  iodobenzene  may  be  obtained  by  Griess's  method  from 
the  metanitraniline,  CgH^.NO^.NH^,  formed  on  partially  reducing  metadinitro- 
benzene.  Metanitrochlorobenzene  may  also  be  procured  by  chlorinating  nitro- 
benzene. 

Paranitrochlorobenzene  is  not  altered  by  boiling  fuming  nitric  acid,  but  on 
warming  with  a  mixture  of  fuming  nitric  and  sulphuric  acid  it  furnishes,  as  sole 
product,  orthoparadinitrochlorohenzene  (CI  :  NO^  :  NO  =1:2:4);  paranitro- 
bromo-  and  -iodobenzene  furnish  corresponding  compounds.  On  similar  treat- 
ment, or  even  on  warming  with  fuming  nitric  acid,  orthonitrochlorobenzene  also 
furnishes  orthoparadinitrochlorohenzene,  but  a  small  quantity  of  an  isomeric 
diorthonitrochlorobenzene  (CI  :  NOg  :  NO^  =  I  :  2  :  6),  is  simultaneously  pro- 
duced ;  orthonitrobromo-  and  -iodobenzene  yield  similar  mixtures.  The  amount 
of  diortho-derivative  produced  is  always  small  (6  to  7  per  cent,  of  the  total  pro- 
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duct  in  the  case  of  orthonitroiodobenzene  according  to  Korner),  and  appears  to 
be  less,  the  more  energetic  the  reaction.  Metanitrobromobenzene  also  furnishes 
a  mixture  of  isomeric  dinitrobromobenzenes  on  nitration  with  a  mixture  of  nitric 
and  sulphuric  acids,  the  chief  product  being  a  parametadinitrohromohenzene 
(Br  :  NO.,  :  NO^^  I  :  3  :  4)  (Korner). 

The  melting  points  (°  Cent.)  of  the  various  nitro-derivatives  of  chloro-  bromo- 
and  iodobenzene  are  given  in  the  following  table :" 


Constitution,  the 

chlorobenzene. 

bromobenzene. 

iodobenzene. 

halogen  being  in 
the  position  i. 

Paranitro-        

83° 

i25°-5 

i7i°-4 

1:4 

Metanitro-       

48° 

56°'4 

(?)  36° 

1:3 

Orthonitro-      

15° 

43° 

49°-4 

I  :  2 

Orthoparadinitro-      ... 

53°-4 

75°-3 

88-5 

1:2:4 

Diorthodinitro- 

43° 

ii3°7 

1:2:6 

Parametadinitro-      ... 

59°'4 

1:3:4 

Nitro-dihaloid  derivatives. — By  the  action  of  fuming  nitric  acid  on  j^ara- 
dibromobenzene  a  single  mononitro-derivative  is  produced ;  but  meta-  and  ortlio- 
dibromobetizene  furnish  two  isomeric  mononitro-derivatives,  of  one  of  which, 
however,  relatively  only  a  very  small  quantity  is  produced  in  each  case.  The 
chief  product  from  metadibromobenzene  is  the  modification  NO^  :  Br  :  Br  :  = 
1:2:4,  ^nd  the  accessory  product  the  modification  NO^  :  Br  :  Br  =  i  :  2  :  6  ; 
a  third  nitrometadibromobenzene  (NO^  :  Br  :  Br  =  i  :  3  :  5)  is  obtained  from 
dibromopara-  and  dibromorthonitraniline  by  displacing  the  NH^  group  by  hy- 
drogen. The  chief  nitration  product  from  orthodibromobenzene  is  the  modifi- 
cation NO2 :  Br  :  Br  =  1:3:4.  The  isomeric  dichlorobenzenes  behave 
similarly.  Paradiiodobenzene,  however,  is  converted  by  nitric  acid  into  parani- 
troiodobenzene,  one  of  the  atoms  of  iodine  being  displaced  by  the  NO^  group  ; 
but  metadiiodobenzene  yields  a  mononitro-derivative.  The  melting  points 
(°  Cent)  of  these  various  derivatives  are  given  in  the  following  table: 


dichloro- 
benzene 

dibromobenzene. 

diiodobenzene. 

Constitution,  the 
NO2  group  being 
in  the  position  i. 

Nitropara-      

Nitrometa-     

Nitrometa-     

Nitrometa-     

Nitroortho-    

Nitroortho-     ...      ... 

54°-6 
32°-2 

65°-4 
43° 

85°'4 
6i°-6 
82°-6 
io4°-5 

58^ 

i68°-4 

1:2:5 

1:2:4 
1:2:6 

1:3:5 
1:3:4 
1:2:3 

On  treatment  with  a  mixture  of  nitric  and  sulphuric  acid  these  nitrodibromo- 
benzenes,  &c.,  are  more  or  less  readily  converted  into  dinitro-derivatives  j  but 
very  few  of  these  latter  have  as  yet  been  carefully  examined. 

Nitro-trihaloid  derivatives. — By  the  action  of  fuming  nitric  acid  on  1:3:4 
tribromobenzene  a  mixture  of  mononitro-derivatives  is  produced,  consisting 
chiefly  of  the  modification  NO^  :  Br  :  Br :  Br  =  1:2:4:5,  together  with  a 
small  quantity  of  the  modification  NO^  :  Br  :  Br  :  Br  =  1:2:5:6; 
a  third  nitroraetatribromobenzene  (NOg  :  Br  :  Br  :  Br  =  i  :  2  :  3  :  5)  is  ob- 
tained by  displacing  the  NH^  group  in  dibromorthonitraniline  by  bromine.     By 
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heating  with  a  large  exces^s  of  a  mixture  of  fuming  nitric  and  fuming  sul- 
phuric acid  the  1:2:4:5  nitrometatribromobeuzene  is  converted  into  a  dini- 
tro-derivative.  A  nitroorthotribromobenzene  (NO^ :  Br  :  Br  :  Br  =  1:3:4:5) 
is  obtained  by  displacing  the  NH^  group  in  dibromoparanitraniline  by  bromine ; 
it  is  uncertain  whether  this  is  the  compound  formed  by  nitrating  orthotribromo- 
benzene,  or  whether  the  product  is  the  modification  NO.^  :  Br  :  Br  :  Br  = 
1:2:3:4.  By  the  action  of  nitric  acid  of  sp.  gr.  1*54  paratribromobenzene 
is  very  readily  converted  into  a  dinitro-derivative,  but  by  careful  treatment 
with  acid  of  the  sp.  gr.  i'52,  in  presence  of  a  small  quantity  of  acetic  acid, 
it  furnishes  the  mononitro- derivative  NO^ :  Br  :  Br  :  Br  =  1:2:4:6 
(Richter,  Deut.  chem.  Ges.  J3er.,  viii.  1426) ;  by  the  action  of  a  mixture  of 
sulphuric  and  nitric  acids,  paratribromobenzene  is  finally  converted  into  a  trinitro- 
derivative.  The  melting  points  (°  Cent.)  of  the  mono-  and  dinitrotribromoben- 
zenes  are  as  follows  : 


M.  P. 

Constitution.NOj 
inthepos.  i. 

M.  P. 

N  itroparatribromoberi  zeue 
Nitroorthotribromobenzene 

Nitrometatribromobenzeue 
•>              »»              t) 

M                   n                   „ 

125° 
112° 

93°-5 

ii9°-5 

does  not 

melt  at 

187° 

1:2:4:6 
1:3:4:5 
1:2:3:4 
1:2:4:5 
1:2:3:5 

•     1:2:5:6 

Di  nitroparatribromoben  zene 
Dinitroorthotribromobenzene 

Dinitrometatribromobenzene 

192° 
i62°-4 

i37°-6 

(1353)  NiTRO-HALOiD  DEBiVATivES  OF  ToLUENE. — Our  knowledge  of  the 
nitro-haloid  derivatives  of  toluene,  and  indeed  of  the  homologues  of  benzene 
generally,  is  extremely  deficient,  and  only  in  a  limited  number  of  cases  are  suffi- 
cient data  at  our  disposal  to  enable  us  to  infer  their  constitution. 

On  treatment  with  fuming  nitric  acid,  parahromotoluene  is  converted  into  a 
mixture  of  isomeric  nitrobromotoluenes ;  the  main  product  is  solid,  and  melts  at 
43°  (i09°*4  F.).  When  reduced,  it  furnishes  a  bromotoluidine,  CgH3Br.NH,.CH3, 
which  yields  orthotoluidine  on  treatment  with  sodium  amalgam  and  water 
(Wroblevsky).  These  observations  show  that  crystalline  nitroparabromotoluene 
has  the  constitution  CH^  :  NOg  :  Br  =  i  :  2  :  4,  which  is  confirmed  by  its 
formation,  by  Greiss's  method,  from  the  nitrotoluidine  from  paraorthonitrotoluene 
(Beilstein  and  Kuhlberg) ;  the  liquid  isomeride  is  therefore  the  modification 
CHg^  :  NOg  :  Br  =  I  :  3  :  4.  Parachlorotoluene  also  yields  two  isomeric  nitro- 
derivatives. 

Metabromotoluene  furnishes  only  a  single  nitro-derivative,  which  melts  at 
54°  (i29°'2  F.)  {Greie,  Ann.  Chem.  PJiarm.,  c\:s.iiv\\.  245).  The  NO^  group 
in  this  compound  is  in  the  ortho- position  relatively  to  the  CHg  group,  since  the 
bromotoluidine  obtained  from  it  by  reduction  is  identical  with  the  bromotoluidine 
prepared  from  orthotoluidine ;  it  is  not  known,  however,  which  of  the  following 
figures  represents  nitrometabromotoluene : 


NO. 


Nitrometabromotoluene. 


Metabromotoluene. 


By  the  action  of  a  mixture  of  concentrated  nitric  and  sulphuric  acids  metabromo- 
toluene is  converted  into  a  dinitro-derivative  melting  at  about  103°  (2i7°'4F.). 
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The    behaviour   of  pure    orthohromotolvsne   on    nitration    has    not   yet    been 
ascertained. 

When  (o— i)  chlpro toluene  or  benzylic  chloride  is  added  to  fuming  nitric 
acid,  it  is  converted  into  paranitro  (o-i)  chlorotoluene,  which  melts  at  71° 
(i59°"8  F.);  a  small  quantity  of  an  oily  product  is  also  produced,  which  is  per- 
haps the  isomeric  orthonitro-derivative.  Paranitro(o-i)chlorotoluene  or  para- 
nitrobenzylic  chloride  is  readily  oxidized  to  paranitrobenzoic  acid ;  and  when 
digested  with  an  alcoholic  solution  of  potassic  acetate,  it  is  converted  into  para- 
nitrobenzylic  acetate,  Qfi^.^O^,CRJ^C^Yifi^). 

(1354)  Action  of  Ammonia  and  Alkalies  on  the  Nitro- 
HALoiD  Derivatives  of  Benzene  and  its  Homologues. — Al- 
though those  haloid  derivatives  of  the  hydrocarbons  of  the 
benzene  series  which  contain  the  halogen  in  the  Cg  group  are 
extremely  stable  substances,  and  do  not  exhibit  the  least  tendency 
to  enter  into  reactions  of  double  decomposition,  their  nitro- 
derivatives  frequently  prove  less  refractory.  Thus  many  of  them 
on  treatment  with  an  alcoholic  solution  of  ammonia  exchange 
one  and  sometimes  two  atoms  of  halogen  for  one  or  two 
NHg  groups.  In  some  cases  this  action  takes  place  at  the 
ordinary  atmospheric  temperature,  in  others  it  is  necessary  to 
heat  more  or  less  strongly.  The  nitrochloro-derivatives  appear 
to  be  more  readily  acted  upon  than  the  corresponding  nitro- 
bromo-,  and  the  nitrobromo-  more  readily  than  the  corre- 
sponding nitroiodo-  derivatives ;  for  example,  dinitrochlorobenzene, 
C6H3C1(N02)2,  melting  at  53°'4  (i28°'i  F.),  is  completely  converted 
into  dinitraniline,C6H3.NH2.(N02)2,  within  twenty-four  hours,  when 
merely  placed  in  contact  with  an  alcoholic  solution  of  ammonia, 
whereas  the  corresponding  dinitrobromobenzene  requires  eight  days 
or  more  for  its  complete  conversion  into  dinitraniline,  and  the 
corresponding  dinitroiodobenzene  is  still  in  part  unchanged,  even 

■  after    many    months   of    contact    with    the    ammonia    solution 
(Korner). 

In  two  remarkable  instances  Korner  has  observed  the  displace- 
ment of  the  NO2  group  by  the  NHg  group  by  the  action  of 
ammonia  on  nitro-haloid  derivatives.  Thus  when  /3-dinitropara- 
dichlorobenzene,  C6H2Cl2(NOy)2,  is  heated  with  an  alcoholic  solu- 
tion of  ammonia  to  150° — 160°  (302° — 320°  F.),  it  is  converted 
into  a  nitrodichloramidobensene,  CgHoClg.NOg.NHg,  the  NOg 
group  being  eliminated  as   ammonic  nitrite,  which  then  becomes 

I    resolved  into  nitrogen  and  water,  thus : 

CgH2Cl2(N02)2  +   2NH3  =  CgH2Cl2.NO2.NH2   +   N2   +  2OH2. 

}  Similarly,  by  heating  metaparadinitrobromobenzene  to  about 
I  180°  (356°  F.)  with  ammonia  solution,  it  is  converted  into  a 
i   bromonitroamidGbenzene  (Br  :  NHg :  N02=i  :  3  :  4). 
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Certain  of  the  nitro-haloid  derivatives  are  converted  into 
phenol  derivatives  by  heating  with  a  more  or  less  concentrated 
aqueous  solution  of  potassic  hydrate.  Thus^  by  heating  orthopara- 
dinitroiodobenzene  with  a  dilute  solution  of  potassic  hydrate, 
potassium  a-dinitrophenol  is  produced  : 

C.HgllNOg)^  +    2KHO   =   CeH3(NO,)2.0K   +    KI   +    OH^. 

Similarly,  dinitrometadibromobenzene,  CgH2Br2(N02)2,  is  con- 
verted into  the  potassium  derivative  of  dinitrometabromophenolf 
C6H2Br(N02)2.0H.  This  reaction,  however,  is  not  so  frequently 
applicable  as  that  with  ammonia. 

It  is  found  (at  least  in  the  case  of  the  di-  and  tri-derivatives) 
that  it  is  not  possible  to  displace  an  atom  of  halogen  by  NHg  or 
OH,  except  it  occupy  the  ortho-  or  para-  position  relatively  to  a 
nitro  group.  Thus  orthomiro-  and  joarflnitrobromobenzene  may 
be  converted  into  the  corresponding  nitroamidobenzenes,  but 
ammonia  is  entirely  without  action  on  me/anitrobromobenzene. 

(1355)  Action  of  Potassic  Cyanide  on  Nitro-haloid  De- 
EivATivEs  OF  Benzene  AND  ITS  HoMOLOGUES. — Vou  Richtcr  has 
shown  [Deut.  chem.  Ges.  Ber.,  iv.  21,  461,  ^^^  ;  v.  422  ;  vii.  1145  ^* 
viii.  141 8)  that  when  certain  of  the  nitro-haloid  derivatives  of 
benzene  and  its  homologues  are  heated  with  an  alcoholic  solution 
of  potassic  cyanide,  and  the  product  boiled  with  alkali,  haloid 
derivatives  of  acids  of  the  benzoic  series  are  obtained.  At  first 
sight  the  natural  interpretation  of  this  result  would  seem  to  be 
that  the  NO2  group  is  displaced  by  the  CN  group,  and  that  this, 
by  the  action  of  water  in  presence  of  an  alkali,  is  then  resolved 
into  COOH  and  ammonia;  for  instance,  when  paranitrobromo- 
benzene  is  converted  into  a  bromobenzoic  acid  by  this  process,  it 
might  be  supposed  that  the  following  reactions  took  place : 

CgH.Br.NOg   +   KCN  =  CgH^Br.CN    +   KNO^ : 

Nitrobromobenzene.  Cyanobromobenzene. 

CfiH.Br.CN   +   OH2   =   CgH.Br.COOH   +  NH3. 

Cyanobromobenzene.  Bromobenzoic  acid. 

This,  however,  does  not  seem  to  be  the  case ;  for  whereas  the 
products  formed  by  the  action  of  ammonia  or  alkalies  on  nitro- 
haloid  derivatives  of  benzene  and  its  homologues  always  belong 
to  the  same  isomeric  series  as  the  parent  substances,  paramtro- 
bromobenzene,  for  example,  being  converted  into  jo«r«nitraniline, 
and  orMonitrobromobenzene  into  or/Aonitraniline,  Eichter  finds 
that  the  acids  obtained  by  his  method  do  not  belong  to  the  same 
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isomeric  series  as  the  parent  substances.  Thus  /?a/'anitrobromo- 
and  chlorobenzene  furnish  respectively  met ahromo-  and  chloro- 
benzoic  acid,  and  me^«nitrochloro-,  bromo-,  and  iodobenzene  are 
converted  respectively  into  orthochloro-,  bromo-,  and  iodobenzoic 
acid.  Richter  explains  this  apparent  anomaly  by  supposing  that 
the  first  change  which  occurs  is  not  a  reaction  of  double  decom- 
position, but  that  the  nitro-haloid  derivative  enters  into  union 
with  a  molecule  of  hydrocyanic  acid ;  the  elements  of  a  molecule 
of  nitrous  acid  are  then  split  off,  and  thus  a  cyano-haloid 
derivative  is  produced  of  a  different  isomeric  series  from  that  to 
which  the  nitro-haloid  derivative  belonged.  This  may  be  illus- 
trated in  the  case  of  paranitrobromobenzene  by  the  following 
figures  : 


Br                                      Br 

Br 

/  V               /\ 

IC             CH                  HC             OH 

HC             CH 

1      +HCN= 
IC            CH                  HC             C<S^ 

+  HNO 

HC            CCN 

^0^ 

HN02 

H 

Paranitrobromo-                               Additive  compound  with 
benzene.                                             Hydrocyanic  acid. 

Metaeyanobromo- 
benzene. 

From  the  examination  of  the  behaviour  of  a  number  of  nitro- 
haloid  derivatives,  Richter  concludes  that  in  no  case  does  the 
action  take  place  when  the  NOg  group  is  in  the  or/Ao-position 
(1:2)  relatively  to  the  halogen.  Thus,  although  the  crystalline 
nitroparabromotoluene  (CHg :  NO^ :  Br=  i  :  2  :  4)  may  be  con- 
verted into  a  bromotoluic  acid  (CH3 :  COOH  :  Br=  i  :  3  :  4),  the 
isomeric  liquid  modification  (i  :  3  :  4)  is  not  acted  upon.  Nitro- 
^«radibromobenzene  enters  into  reaction  with  potassic  cyanide 
when  the  two  are  heated  together  in  alcoholic  solution  to  120° — 
.140°  (248° — 284°  F.)  ;  the  isomeric  nitrome^«dibromobenzene, 
however,  is  only  acted  upon  at  about  250°  (482°  F.)  :  in  this 
way  dibromobenzoic  acids  are  produced,  the  relations  of  which 
to  the  parent  substances  are  probably  expressed  by  the  following 
figures  : 
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Br  Br 


^NOg 


Br 


COOH 


Nitroparad  ibromobenzene.  Nitrometadibromobenzene. 


Nitro-i  :  3  :  5-tribromobenzene  and  nitro-i  :  2  :  4  :  6-tetrabromo- 
benzene  are  not  attacked  by  an  alcoholic  solution  of  potassic 
cyanide. 

(1356)  General  Review  and  Summary  of  the  Action  of 
Reagents  on  Benzene  and  its  Homologues. — We  have  seen 
that  although  isomeric  compounds  are  never  formed  by  the  dis- 
placement of  a  single  atom  of  hydrogen  in  benzene  by  the 
halogens,  NOg,  &c.,  isomerides  are  often  produced  from  these 
mono-substitution  derivatives  of  benzene.  As  far  as  we  have 
yet  gone,  only  those  mono-substitution  derivatives  have  been 
discussed  which  are  formed  by  the  introduction  of  CHg  and 
radicles  of  the  form  C^Hgn+i,  the  halogens,  NOg,  or  CN  in  place 
of  hydrogen;  but  many  others  are  known  which  will  be  described 
hereafter,  together  with  the  more  important  of  their  derivatives 
(see  phenol,  benzoic  acid,  and  aniline).  It  will  be  of  interest, 
however,  at  this  stage  to  compare  together  the  di- derivatives  which 
result  from  the  action  of  various  reagents  on  all  the  known 
mono-substitution  derivatives  of  benzene,  leaving  for  description 
later  on,  the  higher  derivatives  formed  by  the  displacement  of 
more  than  two  atoms  of  hydrogen  in  benzene.  In  the  follow- 
ing table  the  nature  of  the  mono-derivative  is  denoted  (column  1 ) 
simply  by  the  radicle  or  side  chain  which  is  introduced  into 
benzene  in  place  of  an  atom  of  hydrogen,  the  figures  in  the 
columns  to  the  right  indicating  the  series  to  which  the  di-deriva- 
tives  produced  by  the  action  of  the  halogens,  nitric  acid,  or 
sulphuric  acid  belong ;  the  main  product  if  two  or  more 
isomeric  substances  result,  is  denoted  by  larger  figures,  and  the 
accessory  product  or  products  by  smaller  figures,  the  radicle  of 
the  mono-derivative  being  always  understood  to  occupy  the 
position  I. 

In  a  large  number  of  cases  the  j9«r«-diderivative  is  the  chief 
product,  although  the  or//^o-derivative  is  usually  produced  simulta- 
neously :  the  relative  proportions  in  which  these  two  are  formed 
being  largely  dependent  upon  the  conditions  under  which  the 
action  takes  place.     It  would  seem^  however^  that  the  more  care- 
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The  radicle  which 
displaces  an  atom  of 
hydrogen  in  benzene 

forming  the  mono- 
derivative. 

Series  to  which  the  derivative  belongs,  resulting  from  the 
introduction  of 

CI 

Br 

I 

NO, 

SO3H 

CH3 

1:4 

1:2 

1:4 

1:2  1:3 

? 

1:4 
1:2 

1:4 

1:2 

CHgOl) 
CHCL  >■ 

1:4 

? 

1:4 

? 

CCI3  '  j 

CI 

1:4 

1:2 

1:4 

1:2 

1:4 

1  :2 

1:4 

Br    

Displaces  the 
bromine. 

1:4 

1  :2 

1:4 

1:  2 

1:4 

I  

Displaces  the 
iodine. 

Displaces  the 
iodine. 

1:4 

1:4 

1:2 

1:4 

OH  

1:4 

1:2 

1:4 

1:2   1:3 

1:4 

1:2   1:3 

1:4 
1:2 

* 

1:4 

1:2 

NH2 

1:4 

1:4 

1:2? 

1:4 

1:4 

1:2 

1:4 

CH2.COOH    ... 

1:4 

1:4 

1:4 

1:2 

2 

CHzCH-COOH 

? 

? 

1:4 

1  :2 

? 

CO.CH3  

? 

? 

1:4 

1  :2 

? 

NO,  

1:3 

Displaces  the 
nitro-group. 

Displaces  the 
uitro-group. 

1:3 

1:2 
1  :4 

1:3 

1  :2 
1:4 

SO3H  

2 

1:3 

1:3 

1:2 
1:4 

1:3 

1:4 

COOH 

1:3 

1:3 

1:3 

1:3 

1  :2 
1:4 

1:3 

1:4 

COH   

? 

? 

1:3 

? 

CN  

? 

? 

1:3 

? 

SO,.C«H, 

? 

? 

1:3 

? 

*  According  to 

«rhen  the  nitration 

if  toluene)  at  a  reh 
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3 
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fully  and  gradually  the  displacement  is  effected  the  less  of  the 
ortho-derivative  is  produced^  and  it  is  noteworthy  that  when  the 
para-derivative  is  the  main  product,  the  meta-derivative  is  very 
seldom  formed.  In  other  instances  again,  and  especially  in  the 
presence  of  those  groups  which  usually  confer  an  acid  character 
upon  the  compounds  which  contain  them  (NOg,  COOH,  SO3H), 
the  meta-di-derivative  is  either  the  sole  product,  or  is  obtained 
together  with  a  relatively  very  small  quantity  of  the  para-,  or  the 
para-  and  ortho-derivatives. 

Attention  has  already  been  called  to  the  fact  that  the  dis- 
placement of  halogen  in  the  nitro-haloid  derivatives  by  NHg  or 
OH  only  takes  place  (in  the  case  of  the  di-  and  tri- derivatives  of 
benzene)  when  the  halogen  is  in  the  ortho-  on  para-  position 
relatively  to  the  NOg  group.  Certain  of  the  nitro-haloid-amido- 
derivatives,  however,  furnish  nitro-haloid  derivatives  of  the 
phenols  [i.e.  the  NHg  group  is  displaced  by  the  OH  group) 
when  they  are  submitted  to  the  action  of  potassic  hydrate  solu- 
tion; thus : 

C6H3CI.NO2.NH3    +    KHO    =  C6H3CI.NO2.OH    +   NH3; 

and  the  reverse  change  may  often  be  effected  by  heating  the 
phenol  derivatives- — or  rather  the  compounds  derived  from  them 
by  displacing  hydrogen  in  the  OH  group  by  CH3  or  CgH^ — with 
ammonia.  These  reactions,  again,  only  take  place  when  the  NH^ 
and  OCH3  groups,  &c.,  are  in  either  the  para-  or  ortho-  position 
relatively  to  the  NOg  group. 

It  is  evident  that  Kekule's  benzene  symbol  scarcely  affords  a 
satisfactory  representation  of  these  facts  : 


/ 


6-C 

I       1 

5-C  C- 


acid  and  toluene),  and  the  nitration  be  effected  at  a  lower  temperature  (10°  C). 
With  phenol,  however,  the  case  is  different,  for  Korner  states  that  paranitro- 
pbenol  is  mainly  produced  on  nitrating  phenol  in  the  cold,  but  that  orthonitro- 
phenol  prevails  if  the  action  takes  place  at  higher  temperatures. 
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since  it  does  not  in  any  way  indicate  that  a  given  radicle  in  the 
position  I  will  have  a  certain  influence  in  favouring  the  displace- 
ment of  an  atom  of  hydrogen  in  the  positions  2  (or  6)  and  4,  and 
that  it  will  tend  to  prevent,  or  at  least  in  no  way  favour,  the 
displacement  of  the  atoms  of  hydrogen  in  the  position  3  (or  5)  : 
that  is  to  say,  it  does  not  account  for  the  simultaneous  forma- 
tion of  para-  and  ortho-derivatives  almost  or  completely  to  the 
exclusion  of  m eta-derivatives ;  nor  does  it  indicate  that  a  NOg 
group  in  the  position  i  will  render  possible  the  displacement  of 
an  atom  of  halogen  in  the  position  2  (and  6)  or  4,  but  that  it  will 
not  in  the  least  favour  its  displacement  if  it  is  in  the  position 
(or  5).  On  the  contrary,  it  seems  to  indicate  that  whatever 
influence  the  radicle  in  the  position  1  may  have  upon  the  radicles 
in  the  positions  3  (or  6),  3  (or  5)  and  4,  the  influence  exercised 
upon  the  radicles  in  the  position  3  (or  5)  will  be  in  a  measure 
intermediate  between  that  exercised  upon  those  in  the  positions 
(or  6)  and  4,  which  we  have  seen  is  not  the  case.  Of  the 
numerous  symbols  to  represent  benzene  which  have  been  pro- 
posed, however,  none  are  able  to  express  the  relations  above 
dicated,  and  at  the  same  time  to  afi*ord  a  satisfactory  represen- 
tation of  the  facts  which  can  be  adequately  demonstrated  with 
the  aid  of  Kekule^s  symbol;  and  we  may  say,  in  short,  that 
Kekule^s  symbol,  although  by  no  means  affording  an  explanation 
jf  all  the  known  facts  in  connexion  with  benzene  and  its  homo- 
ogues,  yet  does  exhibit  them  far  more  perfectly  than  any  other, 
d  is  probably  the  best  graphic  expression  that  can  be  devised, 
jonsidering  the  present  state  of  our  knowledge  of  the  subject.^ 


*  The  reader  is  requested  to  cancel  the  passage  on  p.  263,  line  7  to  line  15, 
ommencing — "  but  inasmuch"  to  "  known  reactions  of  benzene,"  the  insertion 
')f  which  is  due  to  an  oversight. — Eds. 


li 


z  2 


340  [1357- 


§  VI.  Hydrocarbons  of  the  C^Hgn-s  or  Cinnamene  Series. 
The  following  members  of  this  series  have  been  obtained  : 

B.P.  °  Cent. 
CgH.       Phenylethylene  or  Cinnamene  CH.CgHj 


146*= 


CH„ 


a-Phenylpropylene  or  Methylphenyl-     CH.CgH^ 

ethylene  ||  about  165° 


CH.CH 


CA, 


/3-Phenylpropylene,  Benzylethylene,  or     CH.CH^.CgHg 

allylbenzene  ||  about  155° 


CH„ 


^10^12 


a-Phenylbutylene    or     Ethylphenyl  -     CH.CgHj 

ethylene  ||  ^^o' 


CH.C,H, 


/3-Phenylbutylene     or     Phenethyl  -     CHICH^.CH^.C.H,) 

ethylene  ||  176°-!  78° 

Naphthalene  tetrahydride  —  205° 

(13^7)  Cinnamene  or  Phenylethylene.  Cinnamol ;  Styro- 
lene  or  Styrol :  CgH g  or  HgCzzCH.CgH^.  —  This  hydrocarbon 
exists  in  small  quantity  ready  formed  in  liquid  storaoe,  a  soft  viscid 
resin  obtained  from  the  Liquidambar  orientalis,  a  tree  resembling 
a  plane,  which  grows  in  the  south-western  part  of  Asia  Minor 
(Hanbury  and  Fliickiger).  It  is  extracted  by  distilling  the  resiu 
with  water  containing  sodic  carbonate  to  retain  cinnamic  acid,  when 
it  passes  over  with  the  steam,  and  floats  as  an  oil  on  the  surface 
of  the  water  in  the  receiver.  It  is  produced  synthetically  when 
a  mixture  of  benzene  vapour  and  ethylene  is  passed  through  a  red- 
hot  tube,  hydrogen  being  eliminated:  C^Yi^-^C^Yi^^C^U^^-^r 
Benzene  and  acetylene  under  similar  circumstances  combine 
directly:  C^Yi^-\-C^YL^  =  C^Yl^;  and  acetylene  alone,  when  strongly 
heated,  yields  the  same  hydrocarbon :  4C2H2  =  CgHy  (Berthelot). 
A  fourth  method  of  formation  is  to  heat  the  vapour  of  ethyl- 
benzene  to  redness :  CgHio=CgHg  +  H2. 

Cinnamene  may  be  prepared  from  cinnamic  acid  by  dis- 
tilling it  slowly,  or  by  distilling  an  intimate  mixture  of  one  part 
of  the   acid  with  four  of  baric  oxide^  the  reaction  being  similar 
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to  that  which  occurs  wheu  benzoic    acid  is  distilled  with  excess 
of  Jime : 

CgHy.COOH   +   BaO  =  CgHg   +    BaCOg. 

Cinnamie  acid.  Cinnamene. 

The  monobromethylbenzene,  CgH5.CHBr.CH3,  produced  by 
the  action  of  bromine  on  heated  ethylbenzene,  readily  splits  up 
into  cinnamene  and  hydrobromic  acid  (Radziszewski,  Deut.  chem. 
Ges.  Ber.,  vi.  492).  The  best  method  of  effecting  this  decompo- 
sition is  to  heat  the  bromide  with  an  alcoholic  solution  of 
potassic  hydrate  to  180°  (356°  F.j.  In  this  instance  metacinna- 
mene  is  produced,  which  may  be  converted  into  cinnamene  by 
distillation. 

Cinnamene  is  a  colourless  mobile  liquid,  of  high  refractive 
power  and  pleasant  aromatic  odour,  which  boils  at  146°  (294°-8  P.), 
and  does  not  solidify  at  —20°  (  —  4°  F.)-  During  distillation, 
however,  the  liquid  in  the  retort  is  apt  to  rise  suddenly  in  tem- 
perature, and  to  be  converted  into  metaci?mamene.  According 
to  Berthelot  (Compt.  Rend.,  Ixiii.  518),  the  cinnamene  prepared 
from  cinnamie  acid  is  not  identical  with  that  existing  in  storax ; 
the  former  being  optically  inactive,  whilst  the  latter  turns  the 
plane  of  polarization  to  the  left.  Van  t^  Hoff  has  shown,  how- 
ever (Deut.  chem.  Ges.  Ber.,  ix.  5),  that  the  two  products  are 
identical,  and  that  the  optical  activity  of  the  latter  is  due  to  the 
presence  of  a  small  quantity  of  another  substance. 

Cinnamene,  like  the  olefines,  combines  readily  with  a  mole- 
cule of  chlorine,  bromine,  or  iodine.  Cinnamene  dibromide, 
iCgHgBrg,  which  is  most  conveniently  prepared  by  adding  bromine 
to  a  solution  of  the  hydrocarbon  in  chloroform,  is  identical  with 
|the  dibromethylbenzene  obtained  by  the  action  of  bromine  on 
;ethylbenzene  (1339).  By  heating  alone,  or  with  an  alcoholic 
solution  of  potassic  hydrate,  cinnamene  dichloride  and  di  bromide 
are  converted  into  chloro cinnamene,  CgHg.CHZZCHCl,  and  bromo- 
cinnamene,"^  CgHg.CHlZCHBr,  respectively:  they  are  colourless 
heavy  liquids,  which  undergo  decomposition  when  distilled,  and 
their  vapour  exerts  an  irritating  action  upon  the  eyes.  By 
heating  the  phenyldichloro-  and  phenyldibromopropionic  acids, 
and  phenylchioro-  and  phenylbromolactic  acids  with  water, 
isomeric  chloro-  and  bromocinnamenes,  CgHg.CCllzCHg  and 
CgHg.CBrZZCHg  are  obtained  :  these  are  colourless  oils,  having  a 


*  According  to  Radziszewski  {Deut.  chem.  Ges.  Ber.,  vi.  492),  the  isomeric 
pompound,  Q^H^.CBfZlOR^,  is  obtained  when  cinnamene  dibromide  is  decomposed 
by  beating  with  water  in  sealed  tubes  ut  190°  (374°  F.). 
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pleasant  hyacinth  odour^  which  boil  without  decomposition  at 
199°  (390°'2  F.)  and  328°  (442°'4  F.)  respectively  (Glaser,  Am. 
Chern.  P harm. J  cliv.  1641). 

When  cinnamene  is  gradually  added  to  fuming  nitric  acid, 
the  greater  part  becomes  resinified,  but  a  portion  is  converted 
into  7iitro cinnamene,  CgH^.NOg;  it  crystallizes  in  large  prisms, 
having  a  pungent  aromatic  odour. 

Cinnamene  is  readily  converted  by  oxidation  into  benzoic 
acid. 

(1358)  Metacinnamene  :  (CgHg)^. — Cinnamene  is  slowly  converted  into 
this  body  at  the  ordinary  temperature,  and  is  rapidly  polymerized  when  heated 
in  sealed  tubes  to  200°  (392°  F.).  Metacinnamene  is  an  amorphous,  colourless 
solid  of  high  refracting  power,  and  is  destitute  of  smell  and  taste.  It  is  quite 
transparent,  and  softens  on  the  application  of  heat,  when  it  may  be  drawn  out 
into  threads ;  on  distillation,  it  is  reconverted  into  cinnamene.  It  is  insoluble  in 
water  and  in  alcohol,  and  is  but  very  sparingly  soluble  in  ether ;  it  yields  benzoic 
acid  on  oxidation. 

(1359)  a-PHENYLPEOPYLENE  :       CgHg.HC~CH.CH3  ;     MeTHYLPHENYL- 

ETHYLENE. — This  h_)drocarbon  is  obtained  in  small  quantity  together  with  phenyl- 
propylic  alcohol  by  the  action  of  sodium  amalgam  on  a  warm  aqueous  solution  of 
cinnamic  or  styrylic  alcohol,  CgHg.HCzzCH.CH^.OH  (Fittig,  Beut.  chem.  Ges. 
JBer.,  vi.  214).  It  is  more  readily  prepared  by  submitting  propylbenzene 
heated  to  about  150°  (302°  F.)  to  the  action  of  a  molecule  of  bromine,  and  dis- 
tilling the  product  (Radziszewski,  ihid.  vii.  140;  ix.  260) : 

CgH  .CHBr.CH.CH,    =    C,H,.HCzzCH.CH,    +    HBr. 

Bromopropylbenzene.  Phenylpropylene. 

It  is  a  colourless  liquid  boiling  at  about  165°  (329°  F.);  it  combines  directly 
with  a  molecule  of  bromine  to  form  the  compound,  C^Yi^Jir^,  which  crystallizes 
in  colourless  plates,  melting  at  66^*5  (i5i°7  F.)  (Riigheimer,  ^W7i.  CAew. 
JPharm.,  clxxii.  129). 

Phenylchloropropylene ;  Cinnamic  chloride:  CgHg.HCziCH.CH„Cl,  pre- 
pared by  treating  cinnamic  alcohol  with  dry  hydrochloric  acid,  is  a  heavy 
oily  liquid,  which  cannot  be  distilled  without  decomposition.  Phenyliodo- 
propylene,  or  cinnamic  iodide,  CgH^I,  prepared  by  the  action  of  phosphorus 
iodide  on  the  same  alcohol,  closely  resembles  the  chloride.  Phenylcyanopro- 
pylene^  cinnamic  or  styrylic  cyanide,  CgHg.CN,  is  produced  by  heating  the 
iodide  at  100°  (212°  F.)  with  an  alcoholic  solution  of  potassic  cyanide.  It  is  a 
yellowish  oil,  which  is  insoluble  in  water,  sparingly  soluble  in  alcohol,  but 
readily  so  in  ether  (Ramdohr,  Zeits.  Pharm.,  1858,  113). 

(1360)  /S-Phenylpeopylene  or  Allylbenzene  :  CgHg.CHj.CHziCHg.— 
The  attempts  to  prepare  this  hydrocarbon  from  bromobenzene  and  ally  lie  bromide 
by  the  action  of  sodium  have  been  unsuccessful.  Chojnacki,  however,  states 
(Compt.  Send.,  Ixxvi.  14 13)  that  a  small  quantity  of  allylbenzene,  boiling  at 
about  155'  (311°  F  ),  is  formed,  when  a  mixture  of  benzene  and  allylic  iodide 
is  heated  with  zinc  powder. 

(1361)  a-PsENYLBUTYLENE  :  CgHj.HCZZCH.C^Hg  ;  EtHYLPHENYL - 
ETHY..ENE. — This  hydrocarbon  is  obtained  by  distilling  the  bromo- derivative 
formed  by  the  action  of  bromine  on  boiling  a-butylbenzene  :* 


*  a-Batylbenzene   is    obtained  by  the    action   of  sodium  on  a  mixture  of 
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C,H,.CHBr.CH,.CH,.CH3   =   HBr    +    C,H,.CH=zCH.CH,.CH,. 

Bromo-a-butylbenzene.  a-Pheiiylbutylene. 

It  boils  at  186°  (366®-8  F.),  and  furnishes  a  crystalline  dibromide,  C  H  Br  , 
which  melts  at  70°— 71°  (158°— 159°-8  F.)  (Radziszewski,  Deut.  chem.%es 
JBer.,  ix.  260). 

(1362)  ^-Phentlbutylene  :  H^CzzCH(CH2.CH2.C^Hg) ;  Phenethyl- 
ETHYLENE,  is  formed  along  with  diallyl  and  dibenzyl,  when  a  mixture  of 
benzylic  chloride  and  allylic  iodide  in  ethereal  solution  is  digested  with  sodium 
(Aronheim,  Zo6*.  ci^.,  V.  1068): 

C^H^.CH^Cl  +  CH  J.CHZZCH,  +  2Na  =  C,H^.CH,.CH,.CH=CH,  +  Nal  +  NaCl 

Benzylic  chloride,         Allylic  iodide.  )3-Plienylbutylene. 

It  is  a  colourless  liquid  boiling  at  about  177°  (3 50^-6  F.) ;  it  forms   an  oily 
compound,  C^^^H^^Br^,  when  treated  with  bromine. 

Naphthalene  tetrahydride  :  C^^H^^.— This  compound  is  produced  by  heating 
naphthalene,  C^^Hg,  (10  grms.)  with  amorphous  phosphorus  (3  grms.)  and 
hydriodic  acid  (9  grms.  of  a  solution  boiling  at  127°  C.)  in  sealed  tubes  for 
6—8  hours  at  220° — 250°  (428°— 482°  F.).  It  is  a  liquid  of  peculiar  odour, 
which  boils  at  205°  (401°  F.).  On  passing  its  vapour  through  a  red-hot  tube, 
it  is  resolved  into  naphthalene  and  hydrogen ;  on  treatment  with  oxidizing  agents 
it  is  converted  into  phthalic  acid  far  more  readily  than  naphthalene.  It  is 
converted  by  concentrated  sulphuric  acid  into  a  sulphonic  acid,  0^^11^^.80311,  and 
bromine  also  forms  with  it  substitution  derivatives,  which  readily  decompose  on 
distillation  (Graebe,  ihid.  v.  678).  Naphthalene  tetrachloride,  C^^HgCl^,  and  the 
chloronaphthalene  tetrachlorides  may  be  regarded  a&  substitution  derivatives  of 
this  hydrocarbon. 


§  VII.  Hydrocarbons  of    the  CnHgQ.io  or  Acethnylbenzene 

Series. 

(1363)  Acetenylbenzene  or  Phenylacetylene  :  CgHg  or 
CgHg.C^CH,  which  is  the  only  member  of  the  series  at  present 
known,  may  be  produced  by  heating  cinnamene  dibromide,  or 
the  bromocinnamene  prepared  from  it,  with  an  alcoholic  solution 
of  potassic  hydrate  to  120°  (248°  F.)  (Glaser,  Ann.  Chem,  Pharm., 
cliv.  137)  (see  footnote,  p.  369) : 

CfiH^.HC— CHBr    +    KHO   =    CgH^.C^CH   +  KBr  +  OH2 ; 

Bromocinnamene.  Aceten)  Ibenzene. 

or  by  passing  it  over  lime  at  a  low  red  heat  (Radziszewski,  Deut. 
diem.  Ges.  Ber,,  vii.  140).  The  isomeric  bromocinnamene  does 
not  furnish  acetenylbenzene  when  similarly  treated,  but  by  dis- 
solving  it  in   ether,    adding  sodium,  and   passing   a   current  of 


benzylic  chloride  and  propylic  bromide  without  the  addition  of  ether;  it  boils  at 
180°  (356°  F.)  (Radziszewski).  ^-Butylbenzene,  according  to  the  same' 
observer,  boils  at  170° — 172''  (338° — 34i''*6  F.)   (compare  1302). 
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carbonic  anhydride  into  the  solution^  the  sodic  salt  of  phenyl- 
propiolic  acid  is  obtained,  and  on  heating  this  acid  with  water  to 
T20°  (248°  F.)  it  splits  up  into  acetenylbenzene  and  carbonic 
anhydride  (Glaser).  It  appears  probable  that  under  the  conjoint 
influence  of  the  sodium  and  carbonic  anhydride  the  bromo- 
cinnamene  is  resolved  into  hydrobromic  acid  and  acetenylbenzene, 
the  latter  at  once  undergoing  conversion  into  sodic  propiolate ; 
thus: 


2C,H, 

.CBr     CH.   +    2Na   = 

2CgH5.C=CH   -f-   2NaBr    + 

H, 

Bromoeinnamene. 

Acetenylbenzene. 

2CgH5.C=CH    +    2Na 

=    2CgH5.C=CNa   +    H2 

Acetenylbenzene. 

Sodium  acetenylbenzene. 

CgH5.C=CNa   +   COj 

5  =   CgH5.C  =  C.C00Na. 

Sodium  acetenylbenzene. 

Sodic  propiolate. 

CgH5.C=C.C00H   = 

:  CgH^.C^CH    +   COg. 

Propiolic  acid. 

Acetenylbenzene. 

Acetenylbenzene  is  most  readily  obtained  from  propiolic  acid  by 
distilling  its  baric  salt  mixed  with  sand. 

According  to  Friedel  [Compt.  Rend.,  Ixvii.  1192),  phenyl- 
acetylene  is  also  obtained  when  the  phenyldichlorethane  formed 
by  the  action  of  phosphoric  pentachloride  on  methylphenylketone 
is  heated  with  an  alcoholic  solution  of  potassic  hydrate*  to  120° 
(248°  F.)  : 

CgH5.CO.CH3   +   PCI5   =   CgH5.CCl2.CH3   +    POCI3. 

Methylphenylketone.  Phenyldichlorethane. 

CgH5.CCl2.CH3   +   2KHO  =  CgH5.C  =  CH    +   2KCI   +    2OH2. 

Phenyldichlorethane.  Acetenylbenzene. 

Acetenylbenzene  is  a  colourless  liquid  of  peculiar  aromatic 
odour  and  high  refractive  power,  which  boils  at  140°  (284  F.). 
It  not  only  bears  the  same  relation  in  composition  to  acetylene 
that  cinnamene  bears  to  ethylene,  but  like  the  former  possesses 
the  property  of  yielding  precipitates  with  certain  metallic  solu- 
tions. Thus,  with  an  ammoniacal  solution  of  cuprous  chloride, 
it  gives  a  yellow  precipitate  of  the  composition  (CgH^jgCug,  and 


*  According  to  Glaser,  neither  chlorocinnamene,  CgHj.CClZZCHg,  nor  the 
corresponding  bromocinnamene  is  decomposed  by  an  alcoholic  solution  of  potassic 
hydrate  even  at  200°  (392°  F.) :  although  they  are  partially  resinified,  no 
potassic  chloride  or  bromide  is  separated.  This  rcjsult,  therefore,  appears  some- 
what remarkable,  since  the  chlorocinnamene  which  is  the  first  product  of  the 
action  of  potassic  hydrate  on  phenyldichlorethane,  doubtless  has  the  formula 
CgH^.CClZZCH^  (compare  p.  369  and  Engler,  Dent.chem.  Ges.  Ber.,  viii.  397)* 
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with  the  corresponding  silver  solution  a  light  gray  compound 
(C8H5Ag)2.Ag20.  The  sodium  derivative,  CgH^Na,  is  formed  on 
adding  sodium  to  an  ethereal  solution  of  the  hydrocarbon,  hydro- 
gen being  simultaneously  evolved  :  it  is  a  white  powder  which 
absorbs  oxygen  rapidly  when  exposed  to  the  air,  becoming  red-hot, 
and  leaving  a  residue  of  carbon  and  sodic  carbonate  ;  it  readily 
absorbs  carbonic  anhydride,  forming  sodic  propiolate.  When 
the  cuprous  derivative  of  phenylacetylene  is  agitated  with  an 
alcoholic  solution  of  ammonia  in  presence  of  air,  it  is  converted 
into  diphenyldiacetylene  : 

C,H,.C=C )  C,H,.C=C 

V  Cu,  +  O  =  I    +  CujO. 

C,H,.C=C )  C,H,.C-C 

Cuprous  derivative  of  phenylacetylene.  Diphenjldiacetylene. 


§  VIII.  Hydrocarbons  of  the  CnH2n_i2  or  Naphthalene  Series. 

This  series  includes  four  hydrocarbons,  but  only  one  of  them 
is  of  importance : 


Naphthalene     .... 

^10^8 

B.P.  °  Cent. 
218° 

Methylnaphthalene     . 

CjoH^.CHg 

232° 

Ethylnaphthalene  .      . 

C10H7.C3H5 

250°     - 

Anthracene  hexahydride  . 

^14^16 

290° 

(1364)  Naphthalene:  0^^11^=128. — This  hydrocarbon  is  a 
constituent  of  the  principal  varieties  of  tar,  but  is  most  abundant  in 
coal  tar,  particularly  in  that  obtained  from  the  London  gasworks, 
where  it  frequently  causes  considerable  inconvenience  by  partially 
stopping  up  the  large  cast-iron  pipes  used  to  convey  the  gas  to 
different  districts.  It  is  thus  frequently  obtained  in  large  colour- 
less plates,  which  are  nearly  pure,  or  it  may  be  obtained  from 
the  portion  of  the  distillate  from  coal  tar  boiling  at  about  200° 
which  becomes  semi-solid  on  cooling,  by  pressing  out  the  liquid 
portion  and  submitting  the  crystals  to  sublimation  or  crystalliza- 
tion from  alcohol.  In  order  to  obtain  it  quite  pure,  however,  it 
is  necessary  to  heat  it  strongly  with  a  small  quantity  of  sulphuric 
acid,  wash  thoroughly,  and  then  sublime  it.  Naphthalene  is  also 
produced  by  the  decomposition  at  a  red  heat  of  benzene,  toluene, 
cymene,  and  many  other  organic  substances;  and  also  when  a 
mixture  of  ethylene  with  the  vapour  of  cinnamene,  anthracene,  or 
chrysene  is  passed  through  a  red-hot  tube.     /3-Phenylbutyieue  di- 
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bromide  when  passed  over  lime  heated  to  low  redness  is  almost 
entirely  converted  into  naphthalene  (Aronheim)  in  the  manner 
represented  by  the  equation  : 

CioHj^Br^   +   CaO  =  Cj^Hg  +   CaBr^  +   H^   +   OH^. 

According  to  Eadziszewski,  a-phenylbutylene  dibromide  (1361) 
also  famishes  naphthalene  when  similarly  treated. 

Naphthalene  crystallizes  in  brilliant  colourless  rhombic  plates, 
which  feel  unctuous  to  the  touch,  and  have  a  pearly  lustre.  Its 
density  is  1T517  at  15°  (59°  R)  :  it  melts  at  79°  (t74°-2  F.)  and 
boils  at  218°  (424°-4  F.).  The  odour  of  this  hydrocarbon  is 
peculiar,  and  its  taste  biting  and  somewhat  aromatic.  It 
gradually  sublimes  at  the  ordinary  temperature,  and  rapidly 
passes  over  with  the  vapour  of  water.  Naphthalene  burns  with  a 
white  smoky  flame,  although  it  is  not  readily  kindled.  It  is 
insoluble  in  water,  but  is  easily  soluble  in  alcohol,  ether, 
benzene,  oil  of  turpentine,  glacial  acetic  acid,  and  the  fixed  oils. 
Melted  naphthalene  absorbs  air  copiously,  and  gives  it  ofi*  again 
on  solidification.  It  dissolves  iodine,  sulphur,  phosphorus,  and 
the  sulphides  of  arsenic,  antimony,  and  tin,  as  well  as  mercuric 
iodide,  indigo,  oxalic,  succinic,  and  benzoic  acids.  Naphthalene 
combines  with  trinitrophenol  or  picric  acid,  forming  the  com- 
pound CjQHg  +  CgH2(N02)3.0H.  This  compound  may  readily  be 
prepared  by  mixing  hot  alcoholic  solutions  of  trinitrophenol  and 
the  hydrocarbon,  and  may  be  recrystallized  from  alcohol  or  from 
benzene,  but  is  slowly  decomposed  by  boiling  water,  and  rapidly 
by  alkaline  solutions;  it  crystallizes  in  stellate  groups  of  yellow 
needles,  which  melt  at  149°  (300°- 2  F.).  Naphthalene  is  the 
only  solid  hydrocarbon  whose  cold  saturated  alcoholic  solution  is 
precipitated  by  trinitrophenol. 

By  oxidation  with  potassic  permanganate,  naphthalene  is  con- 
verted into  phthalic  acidy  CgH^  (COOHjg;  but  by  the  action  of 
chromic  acid  on  naphthalene  dissolved  in  glacial  acetic  acid, 
naphthaquinone,  CjoHgOg,  is  produced  (Groves,  Journ.  Chem.  Soc, 
XX vi.  209). 

(1365)  Constitution  of  Naphthalene. — In  its  general  chemical 
behaviour  naphthalene  very  closely  resembles  benzene,  and  it 
will  be  seen  on  reference  to  the  following  figures  that  the 
method  usually  adopted  for  representing  these  hydrocarbons 
graphically,  indicates  a  close  relationship  between  them  : 
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H-C  C-H  H-C  C  C-H 


H-C.  X-H  H-C  C.  C-H 

V        \/  V 

I  I  I 

H  H  H 

Benzene.  Naphthalene. 

This  symbol  for  naphthalene  was  suggested  by  Erlenmeyer  in 
1868  [Ann,  Chem.  Pharm.,  cxxxvii.  346),  but  the  proof  that  naph- 
thalene may  really  be  regarded  as  composed  of  two  benzene-nuclei 
having  two  atoms  of  carbon  in  common,  was  first  given  by 
Gr{«be  in  1869  [ibid,  cxlix.  20).  In  the  conversion  of  naphtha- 
lene into  phthalic  acid,  only  one  of  the  benzene  nuclei  undergoes 
oxidation,  but  Grsebe  showed  that  either  may  be  oxidized  and 
phthalic  acid  obtained.  Thus  he  found  that  dichloronaphtha- 
quinone  furnishes  ^^Ma/zc  acid  on  oxidation,  which  is  a  proof  that 
the  two  chlorine  atoms  and  the  two  oxygen  atoms  are  contained 
in  the  same  nucleus,  the  nucleus  containing  them  being  destroyed 
by  oxidation  : 


H 

H 

y\/T\ 

He            CO     CCl 

1        1 

HC            CO     CCl 

TT 

20H,+  20, 

HC             CCOOH 

=                               + 

HC             CCOOH 

TT 

2CO,  + 

2HCI. 

H 

Dichloronaphthaquinone. 

±1                                                  , 

Phthalic  acid. 

When,  however,  dichloronaphthaquinone  is  treated  with  phos- 
phoric pentachloride,  pentachloronaphthalene  is  produced;  the 
two  oxygen  atoms  being  displaced  by  two  chlorine  atoms,  whilst 
an  atom  of  hydrogen  in  the  second  nucleus  is  also  displaced  by 
chlorine.  On  oxidizing  this  compound,  tetrachlorophthalic  acid 
is  obtained,  the  nucleus  which  had  undergone  oxidation  in  the 
reaction  previously  mentioned,  remaining  intact  in  the  second 
case,  as  shown  in  the  accompanying  graphic  formulae  :^ 


*  It  is  perhaps  scarcely  necessary  to  point  out  that  in  representing  naphtha- 
lene graphically  we  are  entirely  dependent  upon  the  kind  of  symbol  we  assign  to 
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CI            CI 

a 

•\/\ 

/\ 

He             C             CCl 

HOOC  C            CCl 

+ 

OH, 

+  4O, 

+ 

2CO, 

+  Ha  + 

OH, 

HC             C              CCi 

HOOCC            CCl 

\/  \^ 

\/ 

H             CI 

CI 

Pentachloronaphthalene. 

Tetrachlorophthalic  acid. 

H^C           C 

H^C           C 

H.          H. 

(1366)  Isomeric  substitution  derivatives  of  Naphthalene, — 
Although  benzene  cannot  yield  isomeric  mono-substitution  deri- 
vatives, it  will  be  evident  on  reference  to  the  following  figure 
that  naphthalene  can  furnish  two  isomeric  mono-substitution  de- 
rivatives : 

H.         H„ 


CH, 


It  will  be  seen  that  each  of  the  four  carbon  atoms  to  which  the 
four  hydrogen  atoms  marked  a  are  attached,  is  similarly  re- 
lated to  the  other  nine  carbon  atoms,  and  the  same  is  the  case 
with  the  four  marked  j3  ;  the  relation  which  the  four  marked  a 
bear  to  the  other  carbon  atoms  is  different,  however,  from  that 
of  the  four  marked  /3.  It  may  be  supposed,  therefore,  that 
isomeric  derivatives  may  be  formed,  according  as  an  atom  of 
hydrogen  attached  to  a  carbon  atom  marked  a,  or  to  one  marked 
/3,  is  displaced.  These  two  classes  of  isomeric  mono-substitu- 
tion derivatives  of  naphthalene  are,  for  the  sake  of  convenience, 
distinguished  as  a  and  j3  derivatives. 

The  action  of  the  halogens  and  of  nitric  acid  upon  naphtha- 
lene appears  to  give  rise  to  the  formation  of  but  a  single  mono- 
derivative,  whilst  by  the  action  of  sulphuric  acid,  a  mixture  of 
two  isomeric  naphthalene-a-  and  -(5-suiphonic  acids,  CjQH^.SOgH, 
is  produced. 

benzene,  and  that  the  objections  urged"  against  Kekul^s  benzene  symbol  apply 
equally  to  Erlenmeyer's  naphthalene  symbol ;  as  in  the  ease  of  benzene,  however, 
no  more  appropriate  symbol  has  as  yet  been  sugjjested. 
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Although  our  knowledge  of  the  naphthalene  derivatives  is  as 
yet  extremely  imperfect^  very  few  attempts  having  been  made  to 
establish  the  nature  of  the  relationship  which  exists  between 
them,  a  number  of  data  are  at  our  disposal  which  enable  us  to 
infer  with  much  probability  the  constitution  of  the  mono-,  and 
even  of  some  of  the  higher  derivatives  of  naphthalene.  Thus  by 
the  action  of  nitric  acid,  naphthalene  is  converted  into  niirunaph- 
thalene,  C^^QH^.NOg,  which  furnishes  amidonaphthalene  or  naph- 
thylamine^  CjoH^.NHg,  on  reduction  ;  by  converting  the  latter 
into  acetamidonaphthalene  or  acenaphthalide,  C^qH^.NH(C2H30), 
and  submitting  this  to  the  action  of  nitric  acid,  a  mixture  of  iso- 
meric mono-nitro-derivatives  is  obtained.  The  main  product  is 
converted,  by  boiling  for  a  short  time  with  an  alcoholic  solution 
of  potassic  hydrate,  into  an  amidonitronaphthalenejQ^^^.l^Oc^.'NYi^, 
which  melts  at  191°  (375°*8  F.),  whilst  the  accessory  product 
yields  an  isomeric  substance  which  melts  at  about  159°  (318°* 3  F.). 
By  displacing  the  NH^  group  by  hydrogen  in  the  amidonitro- 
naphthalene  melting  at  191°,  a  nitronaphthalene  is  obtained  iden- 
tical with  that  directly  prepared  from  naphthalene  ;  it  is  thus 
proved  that,  whatever  the  position  of  the  NO3  group  in  nitro- 
naphthalene and  consequently  of  the  NHg  group  in  amidonaph- 
thalene, the  NO2  group  in  amidonitronaphthalene  has  a  similar 
position  relatively  to  the  two  carbon  atoms  common  to  the  two 
benzene  nuclei. 

By  reducing  the  amidonitronaphthalene  melting  at  191°,  a 
diamidonaphthalene  is  obtained  which  furnishes  almost  the  theo- 
retical amount  of  naphthaquinone  on  oxidation,  and  this  naph- 
thaquinone  is  found  to  yield  phthalic  acid  on  further  oxidation 
with  nitric  acid  (Liebermaun,  Deut.  chem.  Ges.  Ber.j  vi.  945 ;  vii. 
240  ;  viii.  689  ;  ix.  ^'^'^).  These  observations  show  that  the  two  oxy- 
gen atoms  in  naphthaquinone,  and  consequently  the  NHg  group 
in  diamidonaphthalene,  and  the  NHg  and  NOg  groups  in  the  ami- 
donitronaphthalene melting  at  191°,  are  in  the  same  benzene 
nucleus. 

It  is  known  that  in  ordinary  quinone,  CgH^O^,  the  oxygen 
atoms  are  relatively  in  the  para  or  i  :  4  position,  and  although  ii 
is  not  absolutely  proved,  there  is  the  very  greatest  probability 
that  they  are  similarly  placed  in  naphthaquinone  {see  Quinones) ; 
if,  however,  it  be  admitted  that  such  is  the  case,  these  results 
show  that,  in  amidonaphthalene,  the  NHg  group  displaces  a 
hydrogen  atom  attached  to  one  of  the  carbon  atoms  marked  a 
in  the  above  figure,  because  it  is  only  when  it  is  in  that  position 
that  a  second  radicle  can  be   introduced  so  as   to  occupy  the 
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para-position  relatively  to   it.      This   will    doubtless  be    better 
understood  on  reference  to  the  following  figures  :^ 

NH,                           NH„  O— 


O— 

a-Araidonaphthalene.  a-Nitro-a-amidonaphthalene.  Naphthaquinone. 

The  constitution  of  many  other  mono-derivatives  of  naph- 
thalene may  be  traced  in  a  similar  manner.  Thus  by  digesting 
the  amidonitronaphthalene  melting  at  191°  above  mentioned  with 
sodic  hydrate  solution,  the  amido-group  is  displaced  by  OH  and 
a  mononitronaphtol,  C^QHg.NOg.OH,  is  obtained ;  on  nitration, 
this  latter  is  converted  into  a  dinitronaphtol  identical  with  that 
formed  by  nitrating  the  so-called  a-naphtol,  CjqH^.OH.  It  there- 
fore follows  that  a-naphtol  is  really  a  member  of  the  a  series  of 
mono-derivatives  of  naphthalene  ;  and  since  it  is  obtained  by  dis- 
placing tbe  SO3H  group  in  the  so-called  a-naphthalenesulphonic 
acid  by  OH,  it  also  follows  that  this  sulpho-acid  is  an '  a  derivative. 
The  isomeric  so-called  j3-sulphonic  acid,  and  the  naphtol  and 
other  compounds  formed  from  it  by  simply  displacing  the  SOgH 
group  are  consequently  members  of  the  /3  series  of  isomeric 
mono-derivatives  of  naphthalene.  By  displacing  the  SO3H 
group  in  naphtbalene-a-sul phonic  acid  by  chlorine,  by  the  action 
of  phosphoric  pentachloride,  a  chloronaphthalene  identical  with 
that  obtained  by  chlorinating  naphthalene  is  produced  :  ordinary 
chloronaphthalene  is  therefore  an  a-derivative  of  naphthalene.f 


*  We  may  conveniently  represent  naphthalene  by  two  hexagons  joined 
together  and  having,  therefore,  one  side  in  common,  just  as  we  represent  benzene 
by  a  single  hexagon. 

f  These  conclusions  derive  very  considerable  support  from  the  circumstance 
that  if  they  are  correct,  the  behaviour  of  naphthalene  is  precisely  analogous  to 
that  of  benzene  under  similar  circumstances.  Thus  it  has  been  pointed  out 
that  by  the  action  of  various  reagents  on  a  large  number  of  mono-substitution 
derivatives  of  benzene,  orfho  and  para  di-derivatives  are  produced  to  the  almost 
complete  exclusion  of  meta  derivatives.  It  will  be  seen  on  reference  to  the 
figure  on  p.  348  that  each  of  the  hydrogen  atoms  in  naphthalene  maiked  j3  is  in 
the  meta  position  relatively  to  one  of  the  two  central  carbon  atoms  common  to  the 
two  nuclei.  The  formation  of  a-derivatives  from  naphthalene  by  the  action  of 
the  haloo-ens,  nitric  acid  and  sulphuric  acid  therefore  is  in  harmony  with  the 
results  observed  in  the  benzene  series,  since  each  of  the  hydrogen  atoms  marked 
a  is  in  the  ortbo  position  relatively  to  one  or  the  other  of  the  two  central  carbon 
atoms.  The  behaviour  of  the  mono-derivatives  of  naphthalene  appears  more- 
over closely  to  resemble  that  of  the  corresponding  derivatives  of  benzene.     Thus 
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(1367)  Action  of  Chlorine  on  Naphthalene. — Naphthalene  is  far  more 
readily  acted  upon  by  chlorine  and  bromine  than  is  benzene ;  in  the  first  instance 
additive  compounds  are  produced,  which  by  the  loss  of  haloid  acid  are  converted 
into  haloid  substitution  derivatives  of  naphthalenej  in  fact,  it  appears  that  in  all 
cases  the  formation  of  the  latter  is  preceded  by  that  of  the  former,. and  that 
haloid  substitution  derivatives  cannot  be  formed  by  the  direct  displacement  of 
hydrogen  by  the  halogen.  Laurent  was  the  first  to  study  the  products  of  the 
action  of  chlorine  on  naphthalene ;  and  although  his  experiments  have  recently 
been  submitted  to  careful  revision  by  Faust  and  Saame  {Ann.  Chem.  Pharm., 
clx.  65),  our  knowledge  of  the  chloronaphthalenes  is  still  most  imperfect. 

Naphthalene  chlorides. — Chlorine  unites  directly  with  naphthalene  forming 
two  compounds:  naphthalene  dichloride,  0^^11^012,  and  naphthalene  tetra- 
chloride, C^gHgCl^.  The  first  of  these  is  an  oily  liquid  of  a  pale  yellow  colour 
obtained  when  chlorine  is  passed  over  naphthalene  until  it  becomes  liquid.  It 
may  be  regarded  as  a  dichloro-derivative  of  a  hydrocarbon,  C^^H^^,  of  the 
acetenylbenzene  or  CnH2ii_io  series.  As  yet  it  has  not  been  obtained  in  a  pure 
state.  Naphthalene  tetrachloride  is  formed  when  chlorine  is  passed  into  piire 
fused  naphthalene  until  the  mass  becomes  semi-solid  on  cooling.  When  the  pro- 
duct is  treated  with  petroleum  naphtha  a  crystalline  residue  is  left  which  may  be 
readily  purified  by  crystallization  from  chloroform.  It  is  thus  obtained  in  large 
rhombic  crystals  which  melt  at  182°  (359°'6  F.)  and  are  but  sparingly  soluble 
in  alcohol  or  ether  (Faust  and  Saame).  An  isomeric  modification  appears  also 
to  be  formed,  which  is  very  soluble  in  alcohol  and  still  more  so  in  ether. 

Monochloronaphthalene ;  C^^jHyCl. — The  a-derivative,  which  is  formed  by 
heating  naphthalene  di(;hloride,  C^^HgClg,  with  an  alcoholic  solution  of  potassic 
hydrate,  is  a  colourless  oil  of  high  refracting  power,  boiling  at  about  252° 
(485°*6  F.),  of  the  specific  gravity  of  i'5025 — 1*5028.  It  possesses  an  odour 
closely  resembling  that  of  naphthalene,  and  is  miscible  with  ether  in  all  propor- 


by  the  action  of  nitric  acid  on  acetanilide,  CgHg.NH(C2H30),  a  mixture  of 
paranitro&cetSinWide,  which  is  the  chief  product,  and  orthonitroa.ceia.n\\\(\e  is 
obtained.  Similarly,  when  acenaphthalide  is  treated  with  nitric  acid,  there  is 
reason  to  believe,  as  above  pointed  out,  that  the  nitroacenaphthalide  which  is  the 
main  product  is  formed  by  the  displacement  of  a  hydrogen  atom  in  the  para- 
position  relatively  to  the  NH.C^HgO  group,  and  there  is  little  doubt  that  the 
NO2  group  in  the  accessory  product  is  in  the  ortho-i^osition  relatively  to  the 
:NH.C2H30  group : 


NH.C,H„0 


NH.C2H3O 


iNO„ 


Orthonitroacet- 
EHilide. 


NH.C2tl30 


NH.CHO 


NO, 

Paranitro-a-ace- 
naphthalide. 


Orthon  itro-a-ace- 
naphthalide. 


Also  when  acetanilide  is  submitted  to  the  action  of  bromine  it  is  converted  into 
parahromsiCeiaLuWide,  and  from  Rother's  experiments  {Deut.  chem.  Ges.  Ber.,  iv. 
850)  it  appears  that  when  acenaphthalide  is  similarly  treated,  the  bromine  takes 
up  the  para-  position  relatively  to  the  NH.C^HgO  group,  since  by  displacing  the 
latter  in  the  product  by  hydrogen,  ordinary  or  a-bromonaphthalene  is  produced 
(see  also  Naphtol). 
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tions.  On  nitration  it  is  converted  into  a  diiiitro-a-chloronaplitluilene  which 
melts  at  about  105°  (221°  F.)  (Faust  and  Saame). 

By  the  action  of  chlorine  on  fused  nitronaphthalene,  the  additive  compound 
Cj^^Hy.NOg.Clg  is  obtained  (Atterberg,  Deut.  cliem.  Ges.  £er.,ix.  316)  ;  this  is 
decomposed  when  heated,  furnishing  a  mixture  of  chlorinated  naphthalenes 
which  appear  to  be  isomeric  with  those  formed  from  naphthalene.  The  mono- 
chloronaphthaleue  produced  boils  at  about  255°  (491°  F.)  and  has  the  specific 
gravity  1*2078;  on  nitration  it  yields  a  dinitro-derivative  which  melts  at  180** 
(356°  F.).  This  modification  is  doubtless  the  /3-monochloro-derivative  of 
naphthalene.  On  distilling  nitronaphthalene  with  phosphoric  pentachloride  a 
chloronaphthalene  is  produced  which  also  is  probably  the  jS-modification  (De 
Koninck  and  Marquart,  ibid.  v.  11.     See  jS-bromonaphthalene). 

DichloronapMhalenes  :  C^^jHgClg. — Laurent  described  seven  modifications  of 
this  compound,  but  subsequent  investigators  have  only  succeeded  in  obtaining  two 
directly  from  naphthalene.  The  dichloronaphthalene  produced  by  the  action  of  a 
boiling  alcoholic  solution  of  potassic  hydrate  on  pure  naphthalene  tetrachloride 
forms  a  crystalline  mass,  fusing  at  36°  (96°'8  F.)  and  boiling  at  282°  (539°'6  F.). 
An  isomeric  body  which  crystallizes  in  colourless  prisms  melting  at  68° 
(i 54°"4  F.),but  also  boils  at  282°  (539°*6  F.),  is  obtained  by  fractioning  the  chloro- 
naphthalenes  remaining  in  solution  in  the  petroleum  used  to  purify  the  naphthalene 
tetrachloride  as  above  described.  The  portion  boiling  at  280"^ — 285°  (536°— 
545°  F.)  partly  solidifies  on  standing,  and  the  crystals  are  purified  by  pressure  and 
crystallization  from  a  mixture  of  ether  and  alcohol.  A  third  dichloronaphthalene, 
■which  melts  at  107°  (2  24°"6  F.),was  obtained  by  Atterberg  from  nitronaphthalene. 

Like  naphthalene  itself,  the  chloro-  and  dichloronaphthalenes  are  capable  of 
uniting  directly  with  four  atoms  of  chlorine  to  form  crystalline  compounds  which 
are  but  slightly  soluble  in  alcohol,  more  readily  in  ether.  Monochloronajjh- 
thalene  tetrachloride :  C^^^H^Clg,  melts  at  130°  (266°  F.),  and  when  boiled  with 
an  alcoholic  solution  of  potassic  hydrate,  yields  tricMoronaphthalene,  C^^^HgClg. 
This  crystallizes  from  ether-alcohol  in  brilliant  prisms,  melting  at  81° 
(i77°*8  F.)  An  isomeric  trichloronaphthalene,  melting  at  103°  (2i7°'4  F.)  is 
obtained  from  nitronaphthalene. 

Two  modifications  of  tetrachloronapMlialene :  C^^H^Cl^,  are  known,  one  of 
which  is  obtained  by  boiling  trichloronaphthalene  tetrachloride,  C^^HgClg,  with 
an  alcoholic  solution  of  potassic  hydrate.  It  forms  soft  colourless  needles, 
melting  at  130°  (266°  F,).  According  to  Atterberg,  an  isomeric  body,  melting 
at  194°  (38i°*2  F.),  is  among  the  products  of  the  action  of  chlorine  on  nitro- 
naphthalene. 

'PentacJiloronajpMhalene  :  C^^H^Clg,  has  not  been  prepared  directly  from 
naphthalene,  but  is  produced  on  heating  dichloronaphthaquinone  with  phosphoric 
pentachloride  in  a  sealed  tube  at  200°  (392°  F.) : 

C!,„HAO,   +    2PCI,   ^    C^oHsCl^   +    2POCI3    +   HCl. 

Dichloronaphthaquinone.  Pentachloronaphthalene. 

It  forms  colourless  needles,  which  are  easily  soluble  in  ether,  and  melt  at  108° 
(226°'4  F.) 

FerchloronaphtJialene :  C^J^\^,  is  obtained,  according  to  Berthelot  and 
Jungfleisch  {Ann.  Chim.  FJiys.  [4],  xv.  332),  by  treating  naphthalene  with 
excess  of  chlorine  in  the  presence  of  antimonic  perchloride.  It  crystallizes  from 
carbonic  bisulphide  in  brilliant  rhombic  prisms,  which  melt  at  135°  (275°  F.), 
and  boil  at  403°  (757°"4  F.).  According  to  Faust  and  Saame,  the  end  product 
of  the  action  of  chlorine  on  the  heated  chloronaphthalenes  is  a  compound  of  the 
formula  C^oHyClg,  which  they  term  enneacJilorodinaphthalene.  By  repeated 
recrystallizatioa  from  alcohol  it  may  be  obtained  in  soft  white  needles,  melting  at 
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about  157°  (3I4°'6  F.).  This  body  is  probably  a  kind  of  double  salt,  as  it 
were,  formed  by  the  union  of  equal  numbers  of  molecules  of  tetra-  and  penta- 
chloronaphthalene.  Several  similar  compounds  were  obtained  by  Faust  and 
Saame,  viz. :  the  compound  Cg^HgCly,  and  two  isomeric  tetrachlorotribroraodi- 
napbthalenes,  C^^jH^Cl^Brg,  these  last  being  the  products  of  the  action  of  bromine 
on  the  two  isomeric  dichloronaphthalenes. 

(1368)  BROMONAPHTHALENES. — Additive  compounds  with  bromine,  corre- 
sponding to  naphthalene  dichloride,  C^j^HgCl^,  and  tetrachloride,  C^^HgCl^,  have 
not  been  isolated ;  they  appear  to  be  so  unstable  that  they  are  at  once  resolved 
into  bromo-substitution  derivatives  and  hydrobromic  acid.  The  compound 
CjjjHgBrg,  however,  is  always  the  end  product  of  the  action  of  an  excess  of 
bromine  on  naphthalene  at  the  ordinary  atmospheric  temperature.  It  crystal- 
lizes in  large  rhombic   prisms,  and  on  heating  is  resolved  into  tetrabromonaph- 

j  thalene  and  hydrobromic  acid. 

1        a-Monobromonaphthalene  :  C^^H^Br. — The  action  of  bromine  on  naphthalene 
;  is  extremely  violent,  and  in  preparing  the  mono-bromo-derivative  it  is  therefore 
advisable  to  dissolve  the  naphthalene  in  carbonic  bisulphide  and  then  gradually 
to  add  the  calculated  amount  of  bromine.     It  is  a  colourless  liquid  boiling  at 
'285°  (545^  F.),  of  the  sp.  gr.  i'555  (Glaser,  ^tjw.  Chem.  Pharm.,  cxxxv.  40). 
I        ^-Bromonaphthalene  is  obtained  by  Griess's  reaction  from  /3-naphtbylamine ; 
it  crystallizes  in  white  plates,  which  melt  at  68^  (i54°-4  F.).      ^-chloro naphtha- 
lene, which  is  also  crystallme,  and  melts   at  6i°  (i4i°'8   F),  is  obtained  in  a 
similar  manner  (Palm,  Deut.  chem.    Ges.  Ber.,  ix.    499).     The  substance  ob- 
ijtained  by  Atterberg  was,  therefore,  probably  impure  /3-chloronaphthalene. 
:|       By  gradually  mixing  bromine  with  naphthalene  in  the  proportion   indicated 
by  the  equation  :  C^^Hg  -f  2Br2  -  C^^HgBrg  +  2HBr,  and  crystallizing  the  product 
ifrom  alcohol,  a  dihromona'phthalene  is  obtained  in  long  silky  needles,  which 
imelt  at  81°  (i77''"8  F.)  ;  a  small  quantity  of  an  isomeride  is  also  formed,  which 
jraelts  at  76°  (i68°'8  F.)    (Glaser).      Two  other  isomeric  modifications,  melting 
irespectively  at    126°  (258°-8   F.)   and   77°   (i7o°-6   F.),  are  obtained  by  the 
action  of  bromine  on   naphthalene-a-sulphonic  acid   (Darmstadter  and  Wichel- 
uim,  Ann   Chem.  'Pharm.,  clii.  304). 

Trihromonaphthalene,  Cj^H^Brg,  crystallizes  in  needles  melting  at  75° 
>  ')7°  F.)  and  tetrahromonapJithalene,  C^^H^Br^,  forms  stellate  groups  of  slender 
leedles.      K  pentahromonaphthalene,  Q^^^v^,  is  also  known. 

Besides  these  chlorine  and  bromine  derivatives,  many  compounds  are 
aiown,  containing  both  bromine  and  chlorine,  but  our  knowledge  of  the  methods 
)f  preparing  them  in  a  pure  state,  and  of  their  properties,  is  very  imperfect. 

(1369)  Moniodonaphthalene,  C^gHyl,  is  a  colourless  liquid  formed  by  the 
ction  of  excess  of  iodine  on  mercuric  naphthalide,  C^^H^^Hg,  or  (Q^^V^^Ji^. 

(1370)  NiTBONAPHTHALENES. — Naphthalene  readily  furnishes  nitro-deriva- 
ives.  These  compounds  have  recently  been  very  carefully  studied  by  Pe  Aguiar 
Deut.  chem.  Ges.  Ber.y  v.  370,  897). 

a- Mononitronaphthalene  :  C^Jl^^NO^),  is  formed  by  the  action  of  nitric 
cid  on  naphthalene  in  the  cold,  but  may  be  prepared  more  conveniently  by  dis" 
:)lving  naphthalene  in  glacial  acetic  acid,  then  adding  ordinary  concentrated 
itric  acid  and  boiling  for  half  an  hour  (Aguiar).  The  crystals  which  separate 
a  cooling,  may  be  rendered  quite  pure  by  recrystallization  from  alcohol.  It 
)rms  pale  yellow  needles  which  melt  at  61°  (i69°'2  F.),  and  are  easily  soluble 
1  carbonic  bisulphide. 

On  boiling  naphthalene  with  fuming  nitric  acid  for  some  hours,  and  allowing 
le  solution  to  cool,  a  crystalline  mass  is  obtained,  consisting  of  a  mixture  of 
)ont  equal  quantities  of  a-  and  /3-dinitronaphthalene.     This,  when  treated  suc- 
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cessivel}"  with  small  quantities  of  glacial  acetic  aeid,  leaves  a-dimtro7iaphthalene, 
0^^11^(^02)2,  whicti,  after  crystallization  from  a  fresh  quantity  of  the  acid,  forms 
hexagonal  needles,  melting  at  216°  (42o°"8  F.)  The  more  soluble  jS-c/mYro- 
naphthalene,  C^^W^i^O^)^,  is  obtained  from  the  original  acetic  acid  solution 
by  fractional  crystallization,  in  large  rhomboidal  tables,  which  melt  at 
170°  (338°  F.).  By  converting  acenaphthalide  into  dinitroacenaphtha- 
lide,  C^,,Hg(N02)2NH(CgH30),  and  submitting  the  dinitronaphthylamine, 
C^gHg(N02)2.NH2,  obtained  from  the  latter,  to  the  action  of  ethylic  nitrite,  a  third 
dinitronaphthalene  is  obtained,  which  crystallizes  from  alcohol  in  yellowish  needles, 
melting  at  144°  (29i°'2  F.)   (Liebermann  and  Hammerschlag,  ihid.  ix.  333). 

Trinitronajphthalene  :  ^-^^Jy^^^^- — On   heating  a-dinitronaphthalene  for 
some  hours  with  nitric  acid  to  about  125°  (257°  F.)  in  closed  tubes,  and  adding 
water  to  the  liquid,  a  precipitate  is  produced,  from  which  a-trinitronaphthalene 
may  be  obtained  by  fractional  crystallization  from  chloroform;  it  forms  mono-* 
clinic  crystals,  readily  soluble   in    chloroform,  alcohol,  and    acetic  acid,  whichl 
melt  at  122°  (251  °"6  F,).     A   slightly  soluble  ^-trinitronaphthalene  may  bcJ 
easily    prepared   from    jS-dinitronaphthalene    by   adding    5    parts  of  sulpharic 
acid  to  a  mixture  of  5  parts   of  fuming  nitric   acid  with   one  of  the  dinitro* 
compound    and    crystallizing    from  glacial    acetic  acid.      It  forms  pale  yellow 
rhombic  plates,  which  melt  at  218°  (424°-4  F.).     When  a-dinitronaphthalene 
however,  is  treated  in  this  manner,  it  yields  a  third  modification  :  •ytrinitronaph> 
thalene,  which  crystallizes  from   nitric  acid  in  bright   yellow  scales,  melting 
154°  (309°"2  F.)  (Aguiar;  Beilstein  and  Kuhlberg,  ihid.  vi.  647). 

By  boiling  a-  or  /3-dinitronaphthalene  for  a  few  minutes  with  20  parts  of  a 
mixture  of  equal  weights  of  fuming  sulphuric  and  nitric  acids,  or  by  long  con 
tinued  heating  with  nitric  acid,  they  are  converted  into  a-  and  ^-tetranitronafh' 
thalene :  C^^J^O^^^,  respectively.  The  a-derivative  is  almost  insoluble  in 
alcohol,  but  may  be  crystallized  from  chloroform.  It  melts  at  259°  (498°'2  F. 
and  detonates  violently  when  heated.  The  crystalline  form  belongs  to  the 
prismatic  vsystem.  The  j3-compound  crystallizes  in  long  fibrous  needles,  melting! 
at  200°  (392°  F.).  1 

(137 1)  Cyanonaphthalenes. — a-MonocyanonapJithalehe,  a-naphthjilk. 
cyanide,  or  a-naphthonitrile:  C^^Hy.CN,  is  obtained  by  distilling  potassic 
»aphthalene-a-sulphonate  with  potassic  cyanide : 

C,,H,.KS03    +    KCN   =   Cj^Hy.CN   +   K^SO,. 

It  is  also  produced  by  boiling  naphchylformamide,  NH.C^pHy.COH,  with  con- 
centrated hydrochloric  acid,  and  by  heating  sulphocarbonaphthalide  with  finel> 
divided  copper.  It  has  an  odour  resembling  that  of  bitter  almond  oil,  anc 
crystallizes  from  light  petroleum  in  groups  of  broad  lustrous  needles.  It  melfe 
at  37°-5  (99°*5  F.),  and  boils  at  298°  (568°-4  F.).  The  ^'Cyanonaphthaleve 
obtained  by  a  similar  process  from  the  naphthalene-/3-sulphonate,  crystallizft. 
with  difficulty  in  colourless  scales,  which  melt  at  66°-5  (i5i''*7  F.)j  it  boils  al 
305°  (581°  F.).  It  has  but  a  faint  odour,  and  is  less  soluble  in  alcoho, 
than  the  a  compound  (Merz  and  Miiihauser,  Zeits.  Chem.  [2],  v.  70 ;  WelkorJ 
Deut.  chem.  Ges.  Ber.,  ii.  407  ;  Weith,  ibid.  vi.  967). 

Dicyanonaphthalenes  have  been  prepared  by  distilling  mixtures  of  potassic* 
cyanide  and  the  potassic  salts  of  bromonaphthalene-  a- and  /3-sulphonic  acids  and  j 
the  naphthalenedisulphomc  acids,  but  little  is  known  of  them  (Darmstiidter  anc] 
Wichelhaus,  Ann.  Chem.  Pharm.,  cVn.  307),  ^H 

(1372)  H0MOLOGUE8  or  Naphthalene. — Methylnaphthalene :  ^x^^fk 
C  H  -CHg,  is  a  colourless  liquid  boiling  at  about  232"^  (449'^-6  F.),  and  ha?hif'i 
a  density  of  1-027  at  ii'-S  (52°'7  F.).  It  is  prepared  by  the  action  of  sodiua  { 
on  a  cooled  solution  of  monobromonaphthalene  and  niethylic  iodide  in  ether.      j 
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Ethylnajphthalene  :  Cj^Hj,  or  C^^H^ 


C,H. 


855 

produced  in  a  similar   raannei- 


from  bromonaphthalene  and  ethylic  bromide,  is  likewise  a  colourless  liquid.  It 
boils  at  about  250°  (482°  F.)  (Fittig  and  Eemsen,  Ann.  Chem.  Pharm.,  civ.  112)* 
Characteristic  derivatives  of  these  hydrocarbons  have  not  yet  been  obtained. 

Sexahydroanthracene :  C^^H^g  — This  hydrocarbon  is  formed  on  heatino- 
dihydroanthracene  for  ten  hours  with  fuming  hydriodic  acid  and  amorphous 
phosphorus  in  closed  tubes  at  a  temperature  of  about  200°  (392°  F.).  It 
crystallizes  in  colourless  laminae,  which  are  easily  soluble  in  alcohol,  ether,  and 
benzene,  and  which  melt  at  63°  (i45''*4  F.).  It  boils  at  290°  (554°  F.),and 
at  a  red  heat  is  resolved  into  hydrogen  and  anthracene  (Grsebe  and  Liebermann, 
A^m.  Chem.  JPharm.^  Sup.  vii.  272). 


§  IX.  Hydrocarbons  of  the  CnH2n_i4  or  Diphenyl  Series. 

The  ninth  or  CJ^i^-u  series  of  isologous  hydrocarbons  may 
be  called  the  diphenyl  series  from  the  name  of  one  of  its  lowest 
members,  although  it  includes  compounds  having  but  a  very 
distant  relation  to  diphenyl.  The  following  is  a  list  of  those  at 
present  known : 


C13H10 


,H 


C,«H 


f  Acenaphthene    ,    .    . 

(Diphenyl 

C13H12     Diphenylmethane    .    . 

Tetrahydrophenanthrene 
Paraditolyl  .... 
Orthoditolyl  .... 
CiiHu  ■{  a-Diphenyiethane  .  . 
/3-Dlphenylethane  .  . 
Parabenzyltoluene  .  . 
^Orthobenzyltoluene 


iBenzylmetaxylene  .  . 
Benzylparaxylene  .  . 
Benzylethylbenzene  . 
Ditulylmethaue  .  .  . 
Dibenzylmethane  .  . 
Metliyl-/3-diphenylethaue 


Diphenyldimethylethane 
Ethyl-/3-diphenyIethane 
16^18  1  a-Ditolylethane  .    .    . 
/3-Ditolylethane  .    .    . 


C19H24     Dimesitylmethane 


.CH, 

CHa 
Cens.CgHg 

CH2(C6H5)2 

CH3.C(5H4.CeH4.CH3 

CH3.C6H4.C6H4.CH3 . 
C6n5.CH2.CH2  CgHg 

CH3.CH(t'6H5)2^ 

CH3.C6H4.CH2.C6H5 
CH3.C6H4.  CHg.CgHs 

C6H5.CH2.C6H3(CH3)2 
C6H5.CH2.C6H3(CH3)2 

CsHg    CH2.C6H4.C2H5 

CH2(CgH4.CH3)2 
CH2(CH2  C6H5)2 

C6H5.CH(CH3).C6H4.CH3 
C6H5.CH(CH3).CH(CH3).C6H5 

C6H5.CH(CH3).C6H4.C2H5 

CH3.c6H4.CH2.CH2ceH4.CH3 

CH3.CH(C6H4.CH3)2 
^"2  \  C6H2(CH3)3 


M.P.°C. 

Approximate 
B.P.°C. 

9S° 

268° 

7o°-5 

354° 

26° 

262° 

0° 

121° 

liquid 

52° 

below  0° 

liquid 

310° 
280° 

275° 

284° 
270° 
280° 
280° 

I 

296° 
294° 
295° 
290° 
290° -300° 
270° 

124° 
liquid 

» 

i° 

133° 

- 

None  of  these  hydrocarbons,  with  the  exception  of  acenaph- 
thenCj  yield  well-defined  additive  compounds  with  bromine,  but 
they  may  readily  be  converted  into  substitution  derivatives  by 
treatment  with  that  reagent  or  with  nitric  acid. 


Phenyl:  CjgH-jQ 


or 


(1373)    Diphenyl    or  Phenylbenzene  ,  ^         ^^    ^^ 

CgH5.CgH5=  154. — This    hydrocarbon  is  formed  in   a   variety  of 
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reactions,  but   it   is  prepared   either  by   Fittig^s  process,  by  the 
.action  of  sodium  on  a  solution  of  bromobenzene  in  benzene  :"^ 

2CgH.Br    +    2Na   =   CjgHio   +    2NaBr; 

or  by  taking  advantage  of  the   discovery  of  Berthelot  that  it  is 
formed  by  the  decomposition  of  benzene  at  a  red  heat. 

By  the  latter  method  Schultz  and  Luddens  have  prepared  considerable  quan- 
tities of  diphenyl,  benzene  yielding  as  much  as  35  per  cent,  of  its  weight  in  suc- 
cessful operations,  according  to  the  former  observer.  An  iron  tube  (a  gun 
barrel)  filled  in  the  middle  with  pieces  of  pumice,  is  heated  to  bright  redness  in 
an  ordinary  gas  combustion  furnace  (Luddens),  or  charcoal  furnace  (Schultz) ;  it 
is  connected  at  the  one  end  with  a  flask  containing  benzene,  and  at  the  other 
with  a  condensing  apparatus.  On  boiling  the  benzene  in  the  flask,  its  vapour  is 
caused  to  pass  through  the  red-hot  tube;  and  about  100  to  200  grams  may 
thus  be  distilled  through  the  tube  in  the  hour.  According  to  Luddens,  however, 
it  is  advantageous  to  dilute  the  benzene  vapour  with  carbonic  anhydride,  by 
passing  a  current  of  the  latter  into  the  boiling  benzene.  The  unattacked 
benzene  is  distilled  off  the  product  which  collects  in  the  receiver  on  the  water 
bath,  the  residue  distilled  in  a  current  of  steam,  and  crystallized  from  alcohol. 
Watson  Smith  states  that  the  yield  of  diphenyl  is  much  increased  by  passing  the 
vapour  of  benzene  mixed  with  antimonious  chloride,  SbCl^,  through  a  red-hot  tube. 

Diphenyl  is  contained  in  coal-tar  oil,  and  may  be  isolated  by 
fractional  distillation  ;  it  separates  from  the  portion  collected  at 
240° — 260°  (464° — 500°  F.)  on  cooling,  and  is  purified 
pressing  and  crystallization  from  alcohol  (Biichner,  Deut.  c) 
Ges.  Ber.j  viii.  22). 

Diphenyl  crystallizes  from  alcohol  in  thin  iridescent  plat 
which  possess  a  characteristic  pleasant  odour ;  it  melts  at  jo^'i 
(i58°-9  F.)  and  boils  at  254°  (489°'2  F.).  It  is  not  affected  bj 
heating  to  250°  (482°  F.)  with  hydriodic  acid  solution  (b.p.  127^ 
and  phosphorus  (Schultz)  ;  but  according  to  Berthelot  it  is  coi 
verted  into  hexane  when  heated  with  a  large  excess  of  a  saturated 
hydriodic  acid  solution  at  280°  (536°  F.).  It  is  oxidized  by 
solution  of  chromic  anhydride  in  glacial  acetic  acid,  benzoic  acid 
being  formed  (Schultz). 

(1374)  Substitution  derivatives  of  Diphenyl. — The  derivativf 
of  diphenyl  have  been  studied  by  Fittig  {Ann.  Chem.  Fharm.^ 
cxxiv.  275;  cxxxii.  204;  Schultz,  ihid.  clxxiv.  201;  Doebner^ 
ibid,  clxxii.  ]  09 ;  Engelhardt  and  Latschinoff,  Zeits.  Chem.  \%[y 
vii.  259  j  Osten,  Deut.  chem.  Ges.  Ber.,  vii.  170 ;  Liiddens,  iMd. 
viii.  870;  Doebner,  ibid.  ix.  129).  Chiefly  mono-  and  di- 
derivatives  have  been  prepared,  of  which  the  following  is  a  list : 


*  A  certain  quantity  of    by-products  is    always   obtained,  consisting 
brominated  oil  and  a  crystalline  hydrocarbon  of  the  formula  C^gH^^  (Schul 
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Name. 


Parabromodiphenyl 

Parachlorodiphenyl 

Diparabroraodiphenyl 

Diparachlorodiphenyl 

Pararaetadichlorodiphenyl 

Paracyanodiphenyl 

Parametacyanodiphenyl     .     .     .     . 

Paranitrodiphenyl 

Orthonitrodiphenyl  (?).... 

Diparanitrodiphenyl 

Orthoparadinitrodiphenyl  (?)       .     . 
Parabromoparanitrodiphenyl 
Parabromorthonitrodiphenyl  (?) 
Diorthonitrodiparabromodiphenyl  (?) 


Formula. 

Melting 
Point 

("Cent.) 

C,H,Br.C.H, 

89° 

C,H,C1.C.H, 

75" 

C.H.Bi-.C,H.Br 

164" 

C.H.C1.C.H.C1 

148° 

C,H3C1,.C.H„ 

I7Q° 

C.H.(CN).C,H, 

85° 

C.H,(CN),.C.H, 

234" 

C,H,(NO,).C.H, 

113" 

C.H.(NO,).C.H, 

37" 

C,H.(NO,).C.H.(NO,) 

233" 

C.H3(N0,),C.H 

93"-5 

C.H,Br.O.H.(NO,) 

173" 

C.H3Br(N0,).C.H, 

65" 

C.H3Br(N0,).C.H,Br(N0,) 

148° 

The  main,  if  not  the  sole  product  of  the  action  af  bromine,  nitric  acid,  and 
ulphuric  acid  on  diphenyl,  is  always  a^ara-mono-derivative;  that  is  to  say,  the 
adicle  displaces  an  atom  of  hydrogen  in  the  one  CgH^  group  which  is  in  the 
ara-position  relatively  to  the  other  CgH^  group ;  only  in  the  case  of  nitric  acid 
5  a  small  quantity  of  an  isomeric  (probably)  ortho-mono-derivative  obtained. 
'his  is  proved  in  the  case  of  the  bromo-  and  nitro-derivatives  by  their  conversion 
ito  parabromo-  and  paranitrobenzoic  acid  on  oxidation  ;  and  that  the  sulpho-acid, 
!gli^.CgH^(SO^H),  formed  by  the  action  of  sulphuric  acid  on  diphenyl,  is  a  para- 
erivative  is  shown  by  the  conversion  of  the  oxydiphenyl,  CgHg.CgH^(OH), 
roduced  by  fusing  it  with  potassic  hydrate,  into  a  chlorodiphenyl  (by  the 
crion  of  phosphoric  pentachloride)  which  furnishes  parachlorobenzoic  acid  on 
xidation. 

By  the  further  action  of  bromine  and  of  nitric  acid  a  di-derivative  is  pro- 
ueed,  or"  at  least  is  the  main  product,  which  is  formed  by  the  displacement  of  an 
torn  of  hydrogen  in  the  para- position  in  each  of  the  CgH^  groups.  Thus,  on 
)nverting  the  dinitrodiphenyl,  which  is  the  chief  product  of  the  action  of  nitric 
l^id,  by  partial  reduction  into  amidonitrodiphenyl,  and  displacing  the  amido- 
roup  in  the  latter  by  bromine  by  Greiss's  reaction,  a  bromonitrodiphenyl  is 
btained  identical  with  that  formed  on  nitrating  parabromodiphenyl,  and  which 
urnishes  both  parabromo-  and  paranitro-hQnzoic  acid  on  oxidation.  The 
;initrodiphenyl,  which  is  the  accessary  product,  is  probably  formed  by  the  dis- 
lacement  of  two  atoms  of  hydrogen  in  the  same  CgH^  group,  one  being  in  the 
rtho-  and  the  other  in  the  para -position. 

But  the  action  of  sulphuric  acid  offers  an  exception,  for  when  the  disulpho-* 
cid,  C^gHgCSOjH)^,  is  fused  with  potassic  hydrate,  and  the  resulting  dioxydiphenyl 
1  distilled  with  phosphoric  pentachloride,  a  dichlorodiphenyl,  C^g^gClg,  is  ob- 
lined,  which  yields  ^arame^adichlorobenzoic  acid  (m.  p.  201°  C.)  on  oxidation ;. 
roving  that  the  two  sulpho-groups  are  contained  in  the  same  CgH^  group. 


(1375)    AcENAPHTHENE  :    CjoHjq   OT    C^qH 


10^-^6 


CH, 

I 

CH. 


■Although 


f  the  same  composition  as  diphenyl,  this  hydrocarbon  is  readily 
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d'stinguished  from  it  and  tlie  homologous  bodies  by  its  behaviour 
with  bromine  and  on  oxidation,  and  by  forming  a  compound  with 
trinitrophenol,  Cj2H^Q  +  CgH2(N02)3.0H,  crystallizing  in  orange- 
yellow  needles,  which  is  produced  when  solutions  of  equivalent 
quantities  of  the  two  substances  in  boiling  alcohol  are  mixed. 

Acenaphthene  was  first  obtained  by  Berthelot  by  passing  a  mix- 
ture of  ethylene  or  acetylene  with  naphthalene  vapour  through  a 
red-hot  tube,  and  was  subsequently  discovered  by  him  in  that  por- 
tion of  the  heavy  coal-tar  oil  which  passes  over  between  250°  and 
300^  (482°  and  572°  F.),  (Bull.  Soc.  Chem.  [2],  vii.  275;  viii.  245). 
It  is  also  obtained  on  passing  ethylnaphthalene  vapour  through  a 
red-hot  tube,  and  by  the  action  of  an  alcoholic  solution  of  potassic 
hydrate  at  100°  (212°  F.)  on  bromethylnaphthalene,  C-^QH^.CgH^Br 
(Berthelot  and  Bardy,  Compt.  Rend.,  Ixxiv.  1463). 

According  to  Behr  and  Van  Dorp  (Ann.  Chem.  Pharm.,  clxxii. 
263)  the  fraction  of  coal-oil  boiling  between  265°  and  280°  (509° 
and  536°  F.)  when  allowed  to  stand  in  a  cold  place,  deposits 
acenaphthene  in  hard  flat  prisms,  which  may  be  purified  by 
crystallization  from  hot  alcohol,  in  which  it  is  readily  soluble; 
it  separates  on  cooling  in  brilliant  colourless  slender  prisms,  which 
melt  at  95°  (203°  F.)  and  boil  at  268°  (5i4°'4  F.).  On  oxidation 
by  potassic  dichromate  and  sulphuric  acid  mixture  it  is  converted 
into  naphthalic  acid  (Behr  and  Dorp) : 

Acenaphthene.  Naphthalic  acid. 

When  a  molecule  of  bromine  is  added  to  a  molecule  of  acenaphthene  dissolved 
in  ether,  hromacena/phthene,  C^HgBr,  is  produced;  it  crystallizes  from  alcohol  in 
plates  melting  at  52°  (i2  5°-6  F.),  and  is  converted  into  hromonaphthalic  acid 
on  oxidation.  By  the  action  of  a  larger  quantity  of  bromine  on  a  solution  of 
the  hydrocarbon  in  carbonic  b'sulphide,  dibromacenapMhene  tetrabromide, 
C^gHgBrg,  is  obtained  in  beautiful  white  crystals  (Blumenthal,  Deut.  chem.  Ges. 
Ber.,  vii.  1095).  According  to  Berthelot,  a  hexabromide,  CjgHj^^Brg,  is 
formed  on  adding  a  slight  excess  of  bromine  to  a  cooled  solution  of  acenaph- 
thene in  light  petroleum  naphtha ;  it  crystallizes  from  alcohol  in  slender  needles. 
Since  naphthalene  combines  with  at  most  four  atoms  of  bromine,  however,  it 
appears  probable  that  Berthelot's  supposed  hexabromide  is  really  Blumenthal's 
dibromotetrabromide. 

(1376)  HoMOLOGUEs  OF  DiPHENYL.  Fovmatvon. — There  are 
three  methods  of  general  application  by  which  hydrocarbons 
homologous  with  diphenyl  may  be  produced,  viz. :  (i)  By  the 
action  of  sodium  on  the  mono-haloid  derivatives  of  the  hydro- 
carbons of  the  benzene  series,  both  those  formed  by  the  displace- 


137^-]  FORMATION    OP    HOMOLOGUES   OP    DIPHENYL.  35S^ 

nient  of  an  atom  of  Iijdi*ogen  in  the  C^  group  and  in  the  side 
chain  being  available  for  this  purpose  : 

2C^H^Br.CH3    +    2Na   =-   C.H^XCHgyC.HXCHg.)   +    2NaBr. 

Bromotoluene.  Ditolyl. 

By  this  reaction  hydrocarbons  strictly  homologous  with  diphenyl 
are  obtained,  which  is  not  the  case  when  the  reaction  takes  place 
in  the  following  manner  : 

2C,H,.C,H,„C1   +    2Na   =    C^H,.C,H,,.C,H2,.C,H,   +    2^raCl. 
2C^H,.CH.p    +    2Na  -    C,H,.CH,.CH.^.C,H,    +    2NaCl. 

Benzylic  chloride.  Dibenzyl. 

2.  By  Zincke's  process,  by  heating  a  mixture  of  a  hydrocarbon 
of  the  benzene  series  and  the  monochloro-  or  monobromo-  deri- 
vative of  a  hydrocarbon  of  the  same  series  containing  the  halo- 
gen in  the  side  chain  with  finely  divided  zinc  or  copper : 

CnHgnCl 


C6,Hg_^(C^,H2„+i)in   +    CgHg,^]^^- ^^'^     ^      =   HCl   + 


CH  J  WH2n-CgHg_ju(C^H2n+i)nir 


C,H,  +   C,H,.CH,C1 

=   HCl  +  C„H,.CH,.C,H,. 

Benzene.            Benzylic  chloride. 

Diphenylmethane. 

C,H,.CH3   +   C,H,.CH,C1 

=  C,H,.CH,.C,H,.CH3   + 

Toluene.                   Benzylic  chloride. 

Benzyltoluene. 

HCL 


When  zinc  is  employed,  it  is  only  necessary  to  heat  the  mixture 
in  an  open  flask  attached  to  a  reversed  condenser ;  with  copper,. 
in  the  case  of  the  lower  terms  of  the  benzene  series,  a  higher 
temperature  is  required,  and  the  mixture  must  be  heated  in  sealed 
tubes ;  but  in  the  case  of  the  higher  terms,  the  temperature  can 
be  raised  sufficiently  by  heating  in  an  open  flask.  The  same 
action  appears  to  take  place,  although  far  less  readily  and  com- 
pletely, when  a  mixture  of  the  hydrocarbon  and  haloid  derivative 
is  heated.  In  fact,  the  metal  seems  to  take  no  active  part  in  the 
reaction  after  it  is  once  started,  for  if  the  metal  be  then  removed 
the  action  continues  with  apparently  undiminished  energy ;  some 
metallic  chloride,  however,  is  always  formed,  although  the  quan- 
tity is  but  small  (Zincke,  Ann.  Chem.  Pharm.,  clix.  ^^"j  ;  Deut. 
chem.  Ges.  Ber.,  vi.  137).  * 

3.  By  Baeyer's  method,  which  is  closely  allied  to  Zincke's, 
concentrated  sulphuric  acid  is  caused  to  act  on  a  mixture  of  a 
hydrocarbon  of  the  benzene  series  with  formic  ar  acetic  aldehyde; 
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sincC;  however^  formic  aldehyde  cannot  be  isolated  and  acetic 
aldehyde  is  rapidly  resinified  by  sulphuric  acid,  methylenic  acetate, 
0112(0211302)2,  or  methylal,  OH2(OOH3)2,  is  employed  instead 
of  the  former,  and  its  crystalline  polymeride,  paraldehyde,  in 
place  of  the  latter.  It  is  usually  necessary  to  dilute  the  mixture 
with  glacial  acetic  acid  before  adding  the  sulphuric  acid.  Probably, 
the  first  action  consists  in  the  conversion  of  the  methylal  or 
methylenic  acetate,  by  the  sulphuric  acid,  into  the  corresponding 
sulphate,  which  then  enters  into  reaction  with  the  hydrocarbon: 


2HsS0, 

== 

OH2 

[HSO,  ^ 

aC,H,0,; 

Methylenic  acetate. 

Methylenic  sulphate. 

Acetic  acid. 

jHSO,  ^ 

2C,H, 

= 

OH^^ 

3H,S0,. 

Methylenic  sulphate. 

Benzene. 

Diphenylmethane. 

A  similar  explanation  may  be  given  in  the  case  of  acetic  alde- 
hyde ;   the  end  result,  however,  is  expressed  by  the  equation : 

CH3.COH    +    2C,H,_^(C,H^^0m   =    OH,   +    CH^.CHl^e!!^-^^'^^^-'^- 

By  the  employment  of  chlorinated  and  brominated  derivatives  of 
aldehyde,  chlorinated  and  brominated  hydrocarbons  may  be  pro- 
duced ;   thus  ; 

CCI5.COH  +   2C,H,  =  Ca,.CH(C3H5),   +   OH^. 

Chloral.  ^-Diphenyltrichlorethane. 

(1377)  Diphenylmethane  as  Benzylbenzene  :  CE^iC^HX^  ^(>^- — 
This  hydrocarbon  is  the  chief  product  of  the  action  of  zinc  on  a  mixture  of  ben- 
zene and  benzylic  chloride  (see  dibenzylbenzene).  It  is  also  formed  by  Baeyer's 
process  from  benzene  and  methylal  (Deut.  chem.  Ges.  Ber.,  vi.  221),  and  by 
adding  sulphuric  acid  to  an  acetic  acid  solution  of  benzene  and  benzylic  alcohol 
<Meyer  and  Wurster,  iUd.  vi.  963) :  C^H^  +  C,H,.CH,.OH  =  C,H^(C,H^),  +  OH^; 
it  is  obtained  on  distilling  the  baric  salt  of  diphenylacetic  acid,  C^{C^\i^^.CO^y 
with  soda-lime  (Jena),  and  according  to  Staedel  {ibid.  vii.  1480),  it  is  the  chief 
product  on  heating  benzophenone,  QO(0fi.^^,  with  zinc  powder. 

Diphenylmethane  crystallizes  in  colourless  monoclinic  prisms,  which  melt  at 
26°  (78'''8  F.)  ;  it  boils  at  262°  (503°*6  <E.).  It  possesses  an  agreeable  aromatic 
odour  resembling  that  of  oranges,  and  is  readily  soluble  in  alcohol,  ether,  and 
chloroform.  On  oxidation  it  is  converted  into  benzophenone,  CO(CgH5)2«  "^^^ 
-following  nitro-derivatives  have  been  obtained  (Doer,  ^i^o?.  v.  795)  : 

Probable  formula.       M.P.  °  Cent. 
Dinitrodiphenylmethane      .     .     .     CH2(CgH^.N0Ja  183° 

Tetranitrodiphenylmethane       .     .     ^^2  ]  c'h'InO  )        ^^^'^ 
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A  crystalline  diphenylchloroTnethane,  CHC^CgHj^,  which  melts  at  14° 
(57°'2  F.),  is  formed  on  passing  dry  hydrochloric  acid  into  well  cooled  diphenyl- 
carbinol  or  benzhydrol,  CH(CgHg),.OH  (Engler  and  Bethge,  ihid.  vii.  1128).  A 
liquid  diphenyldichloromethane,  CCl2(CgH^)2,  which  boils  at  305°  (581°  F.),  is 
produced  by  heating  benzopheuone  with  phosphoric  pentachloride  (Kekule  and 
Franchiraont,  ibid.  v.  908). 

(1378)  Hydeocaebons  :  Cj^Hj^=  182. — Tetrahydrophenanthrene.G^J^^^, 
— According  to  Grsebe  [ibid.  viii.  1056)  this  hydrocarbon  is  formed  on  heating 
phenanthrene  with  hydriodic  acid  and  phosphorus  to  about  200"  (392°  F,).  It 
is  an  oily  liquid  which  boils  at  about  310°  (590°  F.)  and  solidifies  below 
0°  {32°  F.). 

Paradimetkyldiphenyl  or  Paraditolyl :  <x-Ditolyl :    <  nrr^nxx^^  ^^  W^' 

pared  by  the  action  of  sodium  on  a  solution  of  parabromotoluene,  CgH  Br.CHg, 
in  petroleum  naphtha  (Zincke;  Longuinine,  ibid.  iv.  396  and  514);  it  crys- 
tallizes in  magnificent  monoclinic  prisms,  which  melt  at  121^  (249^'8  F.), 

Orthoditolyl  is  similarly  prepared  from  orthobromotoluene,  but  it  has  not  yet 
been  obtained  quite  free  from  the  isomeride ;  it  is  an  oily  liquid  which  boils  at 
about  2.75°  (527°  F.)  (Longuinine).  The  oxidation  products  of  the  dilolyls 
have  not  as  yet  been  investigated,  but  in  all  probability  they  are  converted  into 
diphenylcarboxylic  acids,  C^H^(COOH).CgH^(COOH). 

a-Diphenylethane  or  Dibenzyl :  CgHg.CHg.CH^.CgHg. — This  hydrocarbon  is 
most  conveniently  prepared  by  the  action  of  metallic  sodium  on  benzylic  chloride 
or  bromide:  aCgH^-CH^Cl  +  2Na  =  2NaCl  +  CgH^.CH^.CH^.CgHg  (Fittig  and 
Stelling,  Ann.  Chem.  PJiarm.,  cxxxvii.  258).  It  is  also  formed  by  heating 
stilbene,  C^^H^g,  with  hydriodic  acid  to  150°  (302°  F.)  (Limpricht  and  Schwanert, 
ihid.  cxlv.  334). 

Dibenzyl  crystallizes  in  white  monoclinic  prisms  which  melt  at  5  2°  ( j  2  5°'6  F.) ; 
it  boils  at  284°  (543°-2  F.).  On  passing  its  vapour  over  heated  pumice,  a 
mixture  of  stilbene  and  toluene  is  obtained.  It  does  not  readily  undergo  oxida- 
tion, but  is  converted  by  the  action  of  an  acetic  acid  solution  of  chromic  anhydride 
ijito  benzoic  acid  (Lippert,  Deut.  chem.  Ges.  B.er.,  ix.  14). 

Bromine  acts  readily  upon  dibenzyl,  but  the  nature  of  the  products  is  largely 
dependent  upon  the  conditions  under  which  the  action  takes  place.  When  dry 
bromine  is  added  to  the  hydrocarbon,  much  heat  is  evolved,  and  a  series  of  bodies 
is  produced  which  are  formed  by  the  displacement  of  hydrogen  in  the  C^H^ 
group  (Marquardt,  Ann.  Chem,  Pharm.,  cli.  362);  viz.: 

M.P.  °  Cent 
Bromodibenzyl      ,     .     CgH^.CHBr.CH^.CgHg  liquid. 

Dibromodibenzyl  .     .     CgH^.CHBr.CHBr.CgH,  228° 

Tribromodibenzyl  (?)  .     CgH^Br.CHBr.CHBr.CgH,    ao7°-2il'' 

The  first  of  these  yields  stilbene  when  treated  with  an  alcoholic  solution  of 
potassic  hydrate^  the  second  is  identical  with  stilbene  dibromide  (p.  367);  the 
third  has  not  been  examined. 

By  adding  bromine  to  dibenzyl  suspended  in  water,  Fittig  and  Stelling 
obtained  a  liquid  bromodibenzyl,  boiling  without  decomposition  above  320° 
(608°  F.)  ;  and  a  crystalline  dibromodibenzyl,  melting  at  1 15°  (239°  F.).  These 
compounds  are  formed  by  the  displacement  of  hydrogen  in  the  Cg  groups,  for 
according  to  Lippert,  (^loc.  cit.)  the  pure  monobromo-derivative  yields  the  pure 
di-derivative,  when  cautiously  treated  with  bromine,  and  the  latter  is  converted 
into  _2?arabromobenzoic  acid  on  oxidation. 

Dibenzyl  is  also  capable  of  combining  directly  with  bromine,  a  crystalline 
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compound  of  the   formula  Cj^H^^Br^  being  obtained  by  adding  bromine  to  a 
solution  of  dibenzyl  in  pure  ether  (Fittig,  Ann.  Chem.  JPkarm.,  cxxxvii.  271). 

By  the  action  of  nitric  acid,  dibenzyl .  is  converted  into  a  mixture  of  two 
isomeric  dinitro-derivatives,  one  of  which  melts  at  166°  (330°-8  F.),  and  the 
other  at  74°  f  1 65°-2  F.)  (Fittig  and  Stelling).  The  former  yields  a  large  quantity 
of  paranitrobenzoic  acid  on  oxidation,  and  is  thus  proved  to  be  a  diparanitro- 
dibenzyl,  CgH^(N02).CH2.CH2.CgH^(NO;j ;  the  latter  also  furnishes  paranitro- 
benzoic acid,  but  in  much  smaller  quantity,  and  is  probably  an  orthoparadinitro- 
derivative  of  the  formula,  C^H^CNOJ.CH^.CH^.CgH^CNO^). 

When  treated  with  sulphuric  acid,  dibenzyl  furnishes  dibenzyldiparasulphonic 
acid,  CgH^(S03H).CH2.CH2.C,H,(S03H)  (Kade,  Beut.  chem.  Ges.  Ber.,  vi.  953  ; 
vii.^39). 

^Diphenylethane  :  CHg  CH(CgHg)2. — This  hydrocarbon  is  produced  by 
Zincke's  process  from  benzene  and  bromethylbenzene,  CgHj.CHBr.CHg 
(Radziszewski,  ibid.  vii.  142)  ;  b}'  Baeyer's  process,  from  benzene  and  paraldehyde 
{ibid.  vii.  1190)  ;  and  by  the  action  of  sodium  amalgam  on  an  alcoholic  solu- 
tion of  ^-diphenyltrichlorethane  or  jS-diphenyltribromethane  (Goldschmidt,  ibid. 
vi.  989,  1501).  /3-Diphenylethane  is  a  colourless  oil  of  pleasant  odour,  which 
boils  at  about  270°  (518°  F.),  and  solidifies  at  a  low  temperature  to  a  crystalline 
mass.     On  oxidation,  it  yields  benzophenone,  C0(CgH5)jj. 

The  following  haloid  derivatives  of  this  hydrocarbon  have  been  prepared  by 
Baeyer's  process  from  benzene  or  chloro-  and  bromobenzene,  and  the  mono-,  di-, 
and  trichlorinated  derivatives  of  aldehyde  and  tribromaldehyde  {ibid.  v.  1098? 
vi.  223,  985,  1439;  vii.  1 180,  1409); 

M.P.°Cent. 

/3-DiphenylmGnochlorethane CY[flCB.{CfiX  %ii<i 

/3-Diphenyldichlorethane CHCl^.CH^C^HJ^  ? 

/S-Diphenyltrichlorethane CC\^.C}l{C^IL^\  64° 

^-Diphenyltribromethane CBr3.CH(CgHJ2  89° 

/3-Dimonochlorophenyltrichlorethane     .     .     CCl3.CH(CgH^Cl)2  105° 

/3-Dimonobromophenyltribromethane     .     »     CClg.CH^CgH^Br)^  140° 

Para-  and  Orthobenzyltoluene :  CH^.CgH^.CHg.CgH^. — The  main  product 
of  the  action  of  benzylic  chloride  on  toluene  in  presence  of  metallic  zinc  is  a 
mixture  of  variable  proportions  of  these  two  hydrocarbons,  which  cannot  be 
separated  j  it  is  a  colourless  liquid  of  pleasant  odour,  which  boils  at  280° 
(536°  F.)  (Zincke,  Ann.  Chem.  Pharm.,  c\:d.  93;  Plascuda  and  Zincke,  Deut. 
chem.  Ges.  JSer.,  vi.  906).  Behr  and  Dorp  {ibid.  vii.  18),  however,  have  suc- 
ceeded in  preparing  pure  parabenzyltoluene  by  strongly  heating  crystalline 
parabenzoyltoluene  or  paratolylphenylketone,  CgHg.CO.CgH^.CHg,  with  zinc  dust. 
It  is  an  oily  liquid,  which  boils  at  about  280°  (536°  F.),  and  does  not  solidify 
in  a  refrigerating  mixture  of  ice  and  salt ;  it  does  not  yield  a  trace  of  anthracene 
when  its  vapour  is  passed  through  a  red-hot  tube.  When  the  benzyltoluene 
prepared  by  Zincke's  process  is  submitted  to  oxidation  with  potassic  dichromate 
and  sulphuric  acid,  a  mixture  of  the  two  isomeric  ketones,  para  and  /3-benzoyl- 
toluene,  CgHg.C0.CgH^..CH3,  is  obtained,  which,  on  further  oxidation,  furnishes  a 
mixture  of  para-  and  Q-benzoylbenzolc  acids,  CgHg.CO.CgH^.COOH.  There  is 
little  doubt  that  the  3-acid  and  ketone  and  the  hydrocarbon  from  which  they 
are  derived,  are  or^7^o•  derivatives  (see  anthracene),  and  that  the  action  of  benzylic 
chloride  on  toluene  resembles  that  of  most  other  reagents,  since  an  ortho-  and  a 
jsara-derivative  are  simultaneously  produced  (p.  336). 

Bromine  acts  violently  on  the  benzyltoluene  prepared  by  Zincke's  process, 
but  no  definite  bromine  derivative  has,  as  yet,  been  obtained.  With  nitric  acid 
it   yields    a    dinitro-derivative,   Cj^Hj2(N02)^,   melting  at   137°  (2  78°'6   F.), 
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together  with  a  small  quantity  of  an  isomeride,  which  melts  at  about  100° 
(212°  F.);  much  resinoid  matter  is  also  formed.  The  dinitro-derivative  of 
higher  melting  point  is  derived  from  parabenzyltoluene,  and  is  converted  into 
paranitrobenzoic  acid  on  oxidation,  so  that  it  is  represented  by  the  formula 
CgH^(N0j.CH2  CgH3(N02).CH3.  The  isomeric  dinitro-derivative  is  probably 
formed  from  the  orthobenzyltoluene.  A  tetranitrohenzyltoluene,  C  H  (NO  ) , 
is  obtained  by  the  action  of  a  mixture  of  nitric  and  sulphuric  acids  (Zincke, 
ibid.  V.  683  ;  vii.  986). 

Hydeocaebons  :  Cj5Hjg=i96. — Benzylmeta-  and  henzylpara-xylene, 
C,H^.CH„.C,H3(CH3),,  and  benzylethylbenzene,  C,H^.CH,.C,H^.C,H^,  are  pre- 
pared by  Zincke's  process  from  benzylic  chloride  and  meta-  or  paraxylene  or 
ethylbenzene  (Walker,  ibid.  v.  686  ;  Zincke,  v.  799).  They  are  colourless 
liquids  having  a  faint  aromatic  odour,  which  boil  at  about  294° — 296° 
(56i°"2 — 5 64° "8  F.).  On  oxidation,  benzylethylbenzene  is  converted  into  para- 
benzoylbenzoic  acid,  OgHgCO.CgH^.COOH :  benzylmetaxylene,  however,  furnishes 
benzoylisophthalic  acid,  i^^Yi^,CO.Q^VLJiQOO\i)^. 

Ditolylmethane,  CH2(C6H^.CH3)2,  is  obtained  by  Baeyer's  process  from 
methylal  and  toluene.  It  boils  at  about  290°  (554°  F.),  and  is  converted  into 
dlmethylbenzophenone,  QO{Q^^^.GE.^^,  on  oxidation,  which,  on  further  oxida- 
tion, yields  benzophenonedicarboxylic  acid,  C0(CgH^.C00H)2.  A  dibromo- 
derivative,  CUjCJl^Br.CliiX'  "lelting  at  115°  (239°  F.), 'and  a  dinitro- 
derivative,  melting  at  164°  (32  7°-2  F.),  CH/C,H3(N0j  CIQ^,  are  produced 
by  the  action  of  bromine  or  nitric  acid.  A  dickloroditolylmethane, 
CH2(CgH^.CH2Cl)2,  which  crystallizes  in  white  plates,  melting  at  105° 
(221°  F.),  is  formed  on  adding  sulphuric  acid  to  a  mixture  of  methylal  and 
benzylic  chloride  (Weiler,  ibid.  vii.  1181). 

Dibenzylmethane,  CRJ^CYi^.C^E.^^,  has  been  obtained  by  Grsebe  {ibid.  vii. 
1623)  by  heating  dibenzylketone,  CO^CHg.CgHj^j  with  hydriodic  acid  and  amor- 
phous phosphorus  to  180°  (356°  F.). 

Methyl-^-diphenylethane,  CHg.CgH^.CH(CH3).CgHg,  is  a  liquid  hydrocarbon, 
formed  by  Zincke's  method  from  toluene  and  bromethylbenzene ;  it  boils  at  about 
279°  (534°"2  F.),  and  is  converted  into  parabenzoylbenzoic  acid  on  oxidation 
(Bandrowski,  ibid.  vii.  1016).       , 

(1379)  Hydeocaebons  :  ^xJ^u  ~  2^°'  —  JDiphenyldimethyletJiayie^ 
CgH5.CH(CH3).CH(CH3).CgHg,  is  formed  by  the  action  of  sodium  on  chlor-  or 
bromethylbenzene,  CH3.CHCl.CgH5  (Engler  and  Bethge,  ibid.  vii.  11 27).  It 
crystallizes  from  ether  in  colourless  needles,  melting  at  124°  (255°  2  F.). 

Ethyl-^-diphenylethane,C^^.C)l{Q]l^.Q^^.Ofi^,  is  the  hydrocarbon  pro- 
duced by  the  action  of  zinc  on  a  mixture  of  ethylbenzene  and  bromethylbenzene 
(Eadziszewski,  ibid.  vii.  140).  On  oxidation  it  is  converted  into  parabenzoyl- 
benzoic acid. 

a-Bitolylethane  or  dixylyl,  CH^.CgH^.CH^.CH^.CgH^.CHg,  is  formed  by  the 
action  of  sodium  on  the  chloroxylene,  prepared  by  the  action  of  chlorine  on  boil- 
ing coal-tar  xylene;  it  is  an  oily  liquid  which  boils  at  296°  (564°-8  F,)  (Vollrath, 
Ann.  Chem.  JPJiarm.,  cxliv.  263). 

^-Ditolylethane,  CH3.CH(CgH^.CH3)2,  is  formed  on  adding  toluene  to  a  solu- 
tion of  paraldehyde  in  sulphuric  acid.  It  is  liquid,  and  boils  at  about  297° 
(566°-6  F.).  ^-Ditolylirichlorethane,  CCl3.CH(CgH^.CH3)2,  is  obtained  by 
substituting  chloral  for  paraldehyde  ;  it  forms  colourless  crystals  which  melt  at 
89°  (i92°'2  F.)  (Fischer,  Beut.  chem.  Ges.  Ber.,  vii.  1193). 

(1380)  Hydeocaebons  ;  CjgHjj^  -  252. — Bimesitylmethane  or  hespamethyU 

diphenylmethane :  CH,  ^  nu/nu\->   '^^  ^^^J  readily  obtained,  according  to 
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Baeyer  {ihid.  v.  1098),  by  the  action  of  sulphuric  acid  on  a  sohition  of  raesitylene 
and  methylenic  acetate  in  acetic  acid.  It  crystallizes  from  alcohol  or  ether  in 
large  monocliaic  prisms  which  melt  at  132°  {26^°'6  F.). 


§  X.  Hydrocarbons  of  the  C^^^_-^q  or  Stilbene  Series. 

(1381)  Fifteen  members  of  this  series  have  been  discovered, 
but,  with  the  exception  of  stilbene,  very  little  is  known  about 
them.      The  following  is  a  list ; 


M.P.°Cent. 

B.P.  °  Cent. 

CH 

CigHg       Aeetylenenaphthalene 

C.He<y^ 

93° 

265°-275° 

r^   rr        Diphenyleuemethane  or 

H2C<|^''* 

113° 

3oo°-3o5° 

Dihydroanthraeene 

106° 

305° 

a-Dipheuylethylene  or 
C14H12  A     stilbene 

CH  CgHs 
CH.CgHs 

120° 

306° 

/3-Diphenylethylene  or 
V     isostilbene 

H2Cr=C(C6H5)a 

liquid. 

277° 

[  Hexahydropyrene 

127° 

_ 

Dicinnamenes 



CjgHie  \  a-Ditolylethylene  or 
dimethylstilbene 

CH.C6H4.CH3 
CH.C6H..CH3 

H2C=CCC6H4.CH3)2 

176° 

above  300° 

/3-Ditolylethylene 

liquid. 

304°-30S° 

CH.C6H4.C2H5 

Diethylstilbene 

CH,C6H4.C2H5 

i34°-5 

_- 

Tetramethylstilbene  or 

CH.C6H3(CH3)a 

CH.C6H3(CH3)2 

Tj/^O 

Q   Yi.     )      a-diparaxylylelhylene 

157 

18     20^ 

Tetramethylstilbene  or 
a-diraetaxy]ylethylene 

CH.C6H3(CH3)2 
CH.C6H3(CH3)2 

io5°-io6° 

- 

Tetramethylisostilbene  or 
^-dimetaxylylethylene 

liquid. 

335° 

P   TT         Hexamethylisostilbene 

H.C==C{§H.(CS3)3 

^■mo-ii         or  /3-dimesityletUyleue 

i> 

The  only  general  methods  for  the  preparation  of  hydrocarbons 
of  this  series  appear  to  be  the  passing  of  the  vapour  of  C^HgQ.^^ 
hydrocarbons  over  heated  plumbic  oxide  : 


Acenaphthene. 


+   PbO   =   C^^Hg   + 

Aceuaphthylene. 


OH3    +    Pb; 


or   by   the  decomposition  of   their   monochjprinated   derivatives 
under  the  influence  of  an  alkali  or  of  heat : 


CH,C1.CH(C,H,)3 

/3-DiphenylmoaocUorethane. 


CH  — C(C,H,),   +   HCl. 

/3-Diphenyletbyleue. 
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(1382)    ACETYLEXENAPHTHALENE  OR  AcENAPHTHYLE\E  '   C.H 
CR  ''     ' 


or    CjQHg<    II       =  15:^.  —  When      acenaphthalene     vapour     is 

passed  over  plumbic  oxide,  heated  nearly  to  redness,  it  is  almost 
completely  converted  into  this  hydrocarbon  (Behr  and  Dorp, 
Ann.  Chem.  Pharm.,  clxxii.  276  ;  Blumenthal,  Deut.  chem.  Ges. 
Ber.,  vii.  1092).  Acenaphthylene  crystallizes  from  alcohol,  in 
which  it  is  readily  soluble,  in  large  yellow  lustrous  plates ;  it 
melts  at  about  93°  (i  99^*4  F.),  and  boils  at  265°^ — 275°  (509° — 
527°  F.)^  but  is  partially  decomposed.  It  furnishes  a  compound 
with  trinitrophenol  difficultly  soluble  in  cold  alcohol,  and 
crystallizing  in  dark  yellow  needles,  which  melt  at  202°  (395°*6  F.). 
Acenaphthylene  is  readily  reconverted  into  acenaphthene  by 
treating  its  alcoholic  solution  with  sodium  amalgam ;  it  is  con- 
verted into  naphthalic  acid,  C^yHg(C00H)2,  on  oxidation.  Ace- 
naphthylene   combines    with    at    most    two    atoms  of   bromine, 

/CHBr 
forming    the   compound,    Cj^Hg^^    I  ,   which    crystallizes    in 

\CHBr 
white    needles    melting    at    122°     (25i°'6    F.) ;    this    furnishes 
naphthalic  acid  on  oxidation,  and  by  the  action  of  an   alcoholic 
solution  of  potassic  hydrate,  it  is    converted  into  hromacenaph- 

/CH 
thylene,  C^yHg\  |I      ,     By  treating  this  bromacenaphthylene  with 
^CBr 

.CH 
bromine,  the  dibromo-derivative,  Cj^H^Brc^  ||       is  produced. 

\CBr 


(1383)       DiPHENYLENEMETHANE      OR      FlUORENE  :       C^gH^Q     Or 
/CgH^ 

HoC\    I  =  166. — Fluorene    was    discovered    by    Berth«lot 

in  coal-tar,  and  thus  named  on  account  of  the  beautiful  blue 
fluorescence  which  it  exhibits  ;  it  is  obtained  by  crystallizing  the 
fraction  boiling  between  300°  and  305°  (572°  and  581°  F.)  from 
a  mixture  of  alcohol  and  benzene.  Fluorene  crystallizes  in 
colourless  plates,  which  melt  at  113°  (235°'4  F.),  audit  boils  at 
about  305°  (581°  F.)  ;  it  forms  a  compound  with  trinitrophenol, 
Cj3H^Q-f-CgH2(N02)3.0H,  crystallizing  from  benzene  in  slender  red 
needles,  which  melt  at  about  81°  (i77°'8  F.).  When  very  care- 
fully treated  with  bromine,  fluorene  furnishes  a  bromofluorene 
dibromide,  C^gHgBrg,  which  crystallizes  in  fine  yellow  silky  needles; 
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this  is  very  unstable,  and  is  readily  converted  into  dibromofluorene, 
^is^s^^s'  which  crystallizes  in  large  plates  melting  at  167° 
(332°'6  F.).  On  oxidation,,  fluorene  is  converted  into  a  diphenylene- 

ketone,     CO^  I        ,     identical    with    that     obtained    by    Fittig 

\CgH4 
from   phenanthrene  (Barbier,    Compt.   Rend.,  Ixxvii.  452 ;  Ixxix. 
1 151 ;  Ixxx.  1396). 

Diphenylenemethane  was  obtained  by  Fittig  by  distilling 
diphenyleneketone  from  phenanthrene  with  zinc  dust,  and  by 
Grsebe  by  passing  the  vapour  of  diphenylmethane  through  a  red- 
hot  tube ;  the  substances  thus  prepared  are  identical,  but  do  not 
agree  in  all  respects  with  Barbier's  fluorene  (Grsebe,  Ann.  Chem. 
Pharm.,  clxxiv.  194);  probably,  however,  the  difference  is  due  to 
the  presence  of  small  quantities  of  impurity. 

a-DiPHENYLETHYLENE  OR  Stilbene  ;  ToluyUne :  Cj^Hjg  or 
CH.CgHj 

II  . — This  hydrocarbon  was   first  discovered  by  Laurent 

CH.C.H, 

in  1 843  amongst  the  'products  of  the  dry  distillation  of  thiobenzoic 
aldehyde,  CgH..CSH,  and  from  its  silky  lustre  was  named  stilbene 
(ariXfio),  to  shine).  It  is,  however,  far  more  readily  prepared 
by  the  following  methods  : 

1.  By  passing  dibenzyl  or  toluene  through  a  red-hot  tube,  or  better  over 
heated  plumbic  oxide  (Dorp,  Deut.  chem.  Ges.  Ber.,v'\.  754;  Lorenz,  ^i^W. 
vii.  1096;  viii.  1455).  ^^^  amount  of  stilbene  obtained  when  toluene  and 
plumbic  oxide  are  employed  is  equal  to  about  16  or  18  per  cent,  of  the  toluene; 
diphenyl,  ditolyl,  phenanthrene  and  anthracene  are  also  produced  at  the  same  time. 

2.  'By  distilling  benzylic  sulphide  (CgH^  CHJ^S.  Toluene,  dibenzyl,  ben- 
zylic  sulphydrate,  tolallylic  sulphide,  C^^H^^^S,  and  thionessal,  C^gH^^^S,  are  also 
formed,  and  the  amount  of  stilbene  produced  is  equal  to  about  10  per  cent,  of 
the  weight  of  benzylic  chloride  employed  in  the  preparation  of  the  sulphide 
(Forst.,  Ann.  Chem.  Pharm.  clxxviii.  370). 

3.  By  the  distillation  of  pure  jS-diphenylmonochlorethane  (p.  362),  which 
splits  up  sharply  into  stilbene  and  hydrochloric  acid. 

4.  By  the  action  of  sodium  on  (0-2)  dichlorotoluene  (Limpricht) ;  and  by 
distilling  a  mixture  of  baric  phenylacetate  or  dibenzyl  with  sulphur  (Radziszewski, 
JDeut.  chem.  Ges.  Ber.,  vi.  390;  viii.  758;  Forst.,  loc.  cit.);  it  is  also  formed 
in  numerous  other  reactions. 

Stilbene  crystallizes  in  colourless  nacreous  monoclinic  plates, 
which  may  be  obtained  of  large  size  by  the  spontaneous  evapora- 
tion of  an  ethereal  solution  of  the  hydrocarbon;  it  melts  at  120° 
(248°  F.),  and  boils  at  about  306°  {jSz^S  F.).  It  is  reconverted 
into  dibenzyl,  Cj^Hj^,  by  heating  with  concentrated  hydriodic 
acid  to  150°  (302°  F.)  ;  on  oxidation,  it  yields  benzoic  aldehyde 
and  benzoic  acid  (Zincke,  ibid.  iv.  839) : 
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CgH^.CHziCH.CgH,   +   02=   2CgH,.C0H. 

Stilbene.  Benzoic  aldehyde. 

Stilbene  unites  with  bromine  forming  stilbene  dibromide  (p.  361), 
CgH-.CHBr.CHBr.CgH.,  which  crystallizes  in  small  silky  needles 
melting  at  about  i'^'^  (45i°-4  F.) ;  when  this  substance  is  heated 
to  130°  (266°  F.)  with  an  alcoholic  solution  of  potassic  hydrate,  it 
is  converted  into  bromostilbene  (m.p.  25°  C),  CgH5.CHZlCBr.CgH., 
which  combines  with  bromine,  forming  crystalline  tribromodibenzyl 
(m.p.  about  100°  C),  CgH^.CHBr.CBrg.CgH,. 

Nitro-derivatives  have  not  been  prepared  in  a  pure  state  from  stilbene,  but 
by  the  action  of  an  alcoholic  solution  of  potassic  hydrate  on  paranitrobenzylic 
chloride,  CgH^(N02).CH2Cl,  Strakosch  has  obtained  a  paradinitrostilbene, 
^14^10(^^2)2  (*^*^'  '^i'  328).  It  forms  brilliant  yellow  crystals,  which  melt 
above  230°  (536°  F.). 

j3-DlPHENYLETHYLENE      OR     IsOSTILBENE  :      H2CZlC(CgHg)2. 

This  isomeride  of  stilbene,  discovered  by  Hepp  {ibid.  vii. 
1409),  is  very  readily  prepared  by  boiling  j3-diphenylmono- 
chlorethane  (p.  362),  CH2Cl.CH(CgH5)2J  with  an  alcoholic  solu- 
tion of  potassic  hydrate.  It  is  a  colourless  strongly  refracting 
oil,  which  boils  at  277°  (530°-6  F.),  and  by  oxidation  yields 
benzophenone,  CO(CgH5)2.  Its  behaviour  with  bromine  is 
characteristic.  In  solution  in  carbonic  bisulphide  the  two  unite, 
doubtless  to  form  j3-diphenyldibromethane,  CH2Br.CBr(CgHg)3, 
but  after  a  short  time  hydrobromic  acid  is  evolved,  and  j3-diphenyl- 
monobromethylene,  CHBrZlC(CgH.)2,  is  obtained.  This  crystal- 
lizes in  large  prisms,  which  melt  at  50°  (122°  F.)  ;  it  does  not 
combine  with  bromine,  and  is  scarcely  affected  by  oxidizing 
agents. 

A  ^-Biphenyldichlor ethylene tQQ\^ZlO{C^^,-^,  identical  with  that  formed  by 
the  action  of  alkalies  on  /3-diphenyltrichlorethane  (p.  362),  or  by  distilling  the 
latter,  is  obtained  by  chlorinating  well  cooled  /3-diphenylethylene  (Hepp) ;  it  is 
a  crystalline  substance,  which  melts  at  80"  (176''  F.).  An  isomeric  body, 
CH2ZlC(CgH^Cl)2,  is  produced  by  distilling  the  /3-dimonochlorophenylmonochlor- 
ethane,  prepared  by  Baeyer's  process  from  monochloraldehyde  and  chlorobenzene  ; 
it  is  a  colourless  oil, boiling  at  280°— 2 85°  (5 36° — 545'^F.)  (Hepp).  ^-Diphenyl- 
dibromethylene,  CBr^C{G^^^,  obtained  by  the  action  of  alkalies  on  /S-diphenyl- 
tribromethane  (p.  362),  is  a  crystalline  substance  which  melts  at  ^t,"^  (i8i°'4  F.) ; 
it  does  not  combine  with  bromine  even  when  heated  with  it  to  140°  (284°  F.) 
(Goldschmidt,  ibid.  vi.  987). 

(1384)  Htdeocaebons  :  C^^H^2=i8o. — DihydroantJiracene :  C^^H^g,  is 
formed  by  boiling  an  alcoholic  solution  of  anthracene  with  sodium  amalgam,  or 
by  heating  anthracene  with  hydriodic  acid  solution  to  150°  (302°  F.)  for  ten 
hours.  It  crystallizes  in  monoclinic  plates  very  similar  to  naphthalene  in 
appearance,  which  melt  at  106°  (222°-8  F.) ;  it  boils  at  305°  (581°  F.).  Di- 
hydroanthracene  is  reconverted  into  anthracene  by  boiling  with  sulphuric  acid  or  by 
passing  its  vapour  through  4  red-hot  tube  (Grsebe  and  Liebermann,  Ann.  Chem. 
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Phann.  SuppL,  vii.  265).  It  is  very  readily  oxidized  and  converted  into  anthraqui- 
nonCjCj^HgOjjand  on  treatment  with  bromine  it  yields  dibromanthracenejC^^HgBr^. 

(1385)  HoMOLOGUESOF  Stilbene. — The  /3-diplienylmonochlor- 
ethane  prepared  by  Baeyer's  process  from  monochloraldehyde 
and  benzene  (p.  362),  it  will  be  remembered,  is  converted  by  the 
action  of  an  alcoholic  solution  of  potassic  hydrate  into  j3-diphenyi- 
ethylene  or  isostilbene,  thus  : 

CH^CLCHlCgHJ^  +  KHO  =  CH^— C(C,H,)2  +  KOI   +   OH^. 

In  this  compound  both  CgH,  groups  must  be  supposed  to  be  at- 
tached to  the  same  carbon  atom,  since  it  yields  benzophenone, 
C0(CgH-)2,  when  oxidized.  But  by  splitting  off  the  elements 
of  hydrochloric  acid,  by  submitting  the  compound  to  dry  distilla- 
tion instead  of  to  the  action  of  an  alkali,  a-diphenylethylene  or 
stilbene  is  formed,  so  that  in  this  case  a  remarkable  isomeric 
change  takes  place,  for  its  behaviour  on  oxidation  shows  that  the 
two  CgHg  groups  in  stilbene  are  attached  to  different  carbon 
atoms  : 

CH2Cl.CH(CgH5)2   =  CgH5.CHziCH.CgH5   +   HCl. 

TVhen  the  homologues  of  j3-diphenylmonochlorethane,  prepared 
from  the  homologues  of  benzene  and  monochloraldehyde,  are 
similarly  treated,  they  furnish  a  series  of  homologues  of 
isostilbene,  but  all  do  not  yield  homologues  of  stilbene. 
Thus  the  chlorinated  hydrocarbons  prepared  with  the  aid  of 
toluene  and  ethylbenzene  are  entirely  converted  into  dimethyl - 
and  diethylstilbene  on  distillation,  but  paraxylene,  CgH^  (CHg):,, 
and    monochloraldehyde    furnish    a     chlorinated    hydrocarbon, 

1C  H  /CH  ) 
n^Tj  .nu  \'   which   yields   a   mixture  of  a   tetrame- 

thylstilbene  melting  at  157°  (3i4°'6  E.)  and  a  liquid  tetramethyl- 
isostilbene;  the  same  is  the  case  with  that  derived  from  me- 
taxylene.  The  chlorinated  hydrocarbon  obtained  from  mesity- 
lene_,  however,  appears  to  yield  only  the  isostilbene  homologue  on 
distillation;  and  it  has  already  been  pointed  out  that  the  chlorinated 
hydrocarbon  from  monochloraldehyde  and  chlorobenzene  does 
not  yield  a  stilbene,  but  an  isostilbene  derivative  on  distillation 
(Hepp,  loc.  cit.). 

The  methylated  homologues  of  stilbene  all  form  additive 
compounds  with  bromine,  and  hydrobromic  acid  is  not  evolved 
when  they  are  brought  in  contact  with  bromine  in  carbonic 
bisulphide  solution.  When,  however,  bromine  is  added  to  solu- 
tions  of  the   homologues  of  isostilbene  in  carbonic    bisulphide, 
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althoiigli  at  first  the  bromine  enters  into  union  with  the  hydro- 
carbons, hydrobromic  acid  is  very  soon  evolved,  and  substitution 
derivatives  are  obtained. 

The  homologues  of  stilbene  and  isostilbene  are  also  charac- 
terized and  distinguished  by  their  behaviour  on  oxidation.  Thus 
dimethylstilbene,  CgH,(CH3).HCzzCH.CeH,(CH3),  yields  para- 
toluic  acid,  CgH4(CH3).COOH,  on  oxidation  with  nitric  acid, 
and  terephthalic  acid,  CgH^(C00H)2,  when  submitted  to  the 
action  of  chromic  acid  mixture;  whilst  dimethylisostilbene 
H2C:zC(CgH4.CH3)2,isconvertedintofi?z7o/2//A-e/owe,CO(CgH^.CH3)2! 
Diethylstilbene  also  yields  terephthalic  acid.  On  oxidizing  tlie 
tetramethylstilbene  prepared  with  the  aid  of  metaxylene^  xijUc  acid, 
(p.  288j  CgH3(CH3)3.COOH  (COOH  :  CH3  :  CH3  =  i  :  2  :  4)  is 
produced. 

Dicinnamene  or  Distyrolene :  C^g^ip. — By  heating  cinnamene,  C  H  ,  with 
hydrochloric  acid  to  170°  (338°  F.),  it  is  converted  into  an  oily  liquid  which  is 
not  reconverted  into  cinnamene  on  distillation,  but  unites  with  bromine  to  form 
the  compound  C^gHj^gBr^  (Erlenmeyer,  Ann.  Chem.  TJiarm.,  cxxxv.  122). 
A  polymeride  of  cinnamene  to  which  Engler  and  Leist  {Deut.  chem. 
Ges.  Ber.,  vi.  256)  assign  the  formula  C^gH^g  is  formed  in  considerable  quantity 
when  calcic  cinnamate  is  submitted  to  destructive  distillation.  It  crystallizes  in 
plates  which  melt  at  117°  (242°*6  F.). 

Hexahydropyrene  :  C^gH^g. — Pyrene  is  not  acted  on  by  sodium  amalgam,  but 
when  heated  with  hydriodic  acid  and  amorphous  phosphorus  to  about  200" 
(392°  F.)  it  takes  up  hydrogen  and  is  converted  into  a  mixture  of  hydrides, 
from  which  the  hydrocarbon  C^^gH^g  may  be  extracted  by  careful  fractional  crys- 
tallization from  alcohol.  It  forms  colourless  needles  or  prisms,  which  melt  at 
127^  (26o°"6  F.).  At  a  red  heat  it  is  resolved  into  pyrene  and  hydrogen 
(Grs&be,  Ann.  Chem.  Pharm.,  clviii.  285). 


Appendix  to  (1363). — A  homologue  of  phenylacetylene  has  recently  been 
prepared  by  Morgan  {Journ.  Chertv.  Soc,  1876,  vol.  i.  p-  162)  by  heating 
sodium  phenylacetylene  with  ethylic  iodide  in  sealed  tubes  to  120° — 140° 
(248^—284°  F.).  Ethylphenylacetylene,  CgH^.C^CC^Hg,  is  a  colourless 
highly  refractive  liquid,  which  boils  at  about  202°  (395°'6  F.) ;  it  combines 
immediately  with  bromine,  and  also  with  hydrobromic  acid  when  heated  with  a 
saturated  solution  for  a  few  hours  at  150°  (302°  F.).  In  his  paper  Morgan 
states  that  a  very  poor  yield  of  phenylacetylene  is  obtained  by  heating  phenyl- 
dichlorethane  with  potassic  hydrate,  but  that  a  fair  amount  of  the  hydrocarbon 
is  produced  by  distilling  it  through  a  glass  tube  containing  soda-lime,  and  heated 
a.  little  below  redness ;  this  observation  is  of  interest  as  it  serves  to  explain  the 
iiscrepancy  pointed  out  in  the  foot  note,  p.  344. 

Appendix  to(i37 7). — Methyldiphenylorparatolylphenyl:  CgH^.CgH^.CH^ 
:he  isomeride  of  diphenylmethane,  is  the  product  of  the  action  of  sodium 
)n  a  mixture  of  bromobenzene  and  parabromotoluene  (Carnelly,  ihid.  p.  13). 
[t  is  a  colourless  refractive  liquid,  which  boils  at  about  265°  (509°  F.)  ;  it 
)ecomes  solid  in  a  freezing  mixture,  and  melts  at  about  —  2°  (28^*4  F.).  When 
)xidized,  it  is  converted  into  paraphenylbenzoic  acid,  CgHg.CgH^.COOH.  It  fur- 
lishes  two  isomeric  mononitro-derivatives  on  nitration. 
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§  XI.   Hydrocarbons  of  the  CnH2n_i8  or  Anthracene  Series. 

(1386)  The  most  important  member  of  the  series  is  that 
which  gives  it  its  name — viz.,  anthracene.  At  present  the  series 
includes  the  following  hydrocarbons  : 


M.P.  °  C. 

B.P.°C. 

H 

Anthracene  .... 

H 

213° 

360*^ 

CuH.o' 

Phenanthrene     . 

1        II    • 

96° 

340" 

Tolane 

III 

60° 



' 

C.C,H, 

C,^H,2     Methylanthracene    .     . 

Cx.H,.CH3 

200° 

1"  Dimethyltolane  . 

III 

136° 

— 

CxeH.X 

C.C^H^.CH^ 

(  Dimethylanthracene  (?) 

0 
200 

— 

C.gHjg     Eetene 

— 

— 

There  are  no  general  methods  for  the  formation  of  hydrocarbons 
of  this  series,  but  tolane  and  its  homologues  may  be  prepared 
from  stilbene  and  its  homologues  by  combining  them  with  a 
molecule  of  bromine  and  eliminating  hydrobromic  acid  by  acting 
on  the  product  with  an  alkaline  hydrate ;  thus  :* 


stilbene  dibromide.  Tolane. 


2HBr. 


(1387)  Anthracene:  C^^Hj^  =  178.  —  This  hydrocarbon, 
which  was  formerly  called  Paranaphthalene,  was  discovered  in  1832 
by  Dumas  and  Laurent  amongst  the  products  of  the  destructive 
distillation  of  coal,  and  was  subsequently  examined  by  Laurent, 
by  Fritzsche,  and  by  Anderson ;  Fritzsche's  photene  being  really 
pure  anthracene.  Since  Grsebe  and  Liebermann^s  discovery  that 
alizarin  was  an  anthracene  derivative,  it  has  attracted  the  atten- 
tion of  chemists,  and  has  been  the  subject  of  numerous  and  ex- 
tended investigations. 
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Anthracene  besides  being  obtained  from  coal-tar,  is  formed  in 
a  great  variety  of  reactions  taking  place  at  high  temperatures.  Thus 
it  is  obtained  when  a  mixture  of  ethylene  with  benzene,  diphenyl, 
or  chrysene,  CjgHjg,  or  of  benzene  with  cinnamene  or  naphtha- 
lene, is  passed  through  a  red-hot  tube  (Berthelot) ;  anthracene 
is  not  the  only  product  of  these  reactions,  however. 

When  the  benzyltoluene  prepared  by  Zincke's  method  is 
passed  over  heated  plumbic  oxide,  it  yields  anthracene  in  consi- 
derable quantity,  bat  since  it  cannot  be  obtained  from  pure  para- 
benzyltoluene,  which  is  not  altered  by  a  red-heat  (p.  362),  there 
is  no  doubt  that  it  is  formed  from  the  j3-  or  orthobenzyltoluene, 
which  accompanies  the  former  in  the  product  of  the  action  of 
zinc  on  a  mixture  of  toluene  and  benzylic  chloride.  The  liquid 
or  /3-tolylphenylketone,  formed  together  with  a-  or  paratolyl- 
phenylketone  by  oxidizing  crude  benzyltoluene,  also  furnishes 
anthracene  when  passed  over  heated  zinc  dust  (Behr  and  Dorp, 
Deut.  chem.  Ges.  Ber.,  v.  1070;  vi.  754;  vii.  16)  : 


I 


^14^14         -         ^14^10 

+      Hj. 

Orthobenzyltoluene.         Anthracene. 

C„Hi,0    +    Zn  =   C,,H,„ 

+  ZnO    +    Hj. 

Orthotolylphenylketone.                    Anthracene. 

The  formation  of  anthracene  which  takes  place  when  toluene  is 
passed  through  a  red-hot  tube,  or  over  heated  plumbic  oxide,  is 
doubtless  due  to  the  production  of  benzyltoluene :  2  C^Hg  = 
^14-^14  +  -^2;  w^iich  by  further  loss  of  hydrogen  is  converted 
irto  anthracene  (Dorp,  ibid.  v.  1072). 

When  alizarin  is  distilled  with  zinc  dust,  which  is  a  mixture 
of  zinc,  zincic  oxide,  and  zincic  hydrate,  it  is  converted  into 
anthracene,  the  necessary  hydrogen  being  probably  derived  from 
the  zincic  hydrate ^Grsebe  and  Liebermann,  ibid.  i.  49)  : 

C,,H,0,  +  4Zn   +   H,  =   C^J1,„  +  4Z11O. 

Alizarin.  Anthracene. 

Purpurin  and  the  so-called  rufi gallic  and  frangulic  acids  also 
yield  anthracene  when  thus  treated. 

Lastly,  anthracene  is  amongst  the  substances  isolated  by  dis- 
tillation from  the  product  of  the  action  of  zinc  on  a  mixture  of 
toluene  and  benzylic  chloride  (Weber  and  Zincke,  ibid.  vii.  1153), 
and  it  is  also  obtained  together  with  benzyltoluene  and  substances 
of  very  high  boiling-point  when  benzylic  chloride  is  heated 
with   water  in   sealed   tubes  to   200°  (392°  F.)^  and  the  product 
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distilled  (Limpriclit,  Ann,  Chem.  Pharm.,  cxxix.  303  ;  Dorp,  Dtut. 
chem.  Ges.  Ber.j  v.  1070 ;  Zincke,  ibid.  vii.  276). 

In  neither  of  these  cases  is  anthracene  a  direct  product,  but  it  is  formed  by 
the  splitting  up  of  more  complex  hydrocarbons  under  the  influence  of  heat. 
When  a  mixture  of  toluene  and  benzylic  chloride  is  heated  with  zinc,  a  number 
of  benzyltoluenes  are  produced  (see  benzyl-  and  dibenzyltoluene),  one  or  more 
CgHg.CHg  groups  being  introduced  in  place  of  hydrogen  in  the  CgH^  group  of 
toluene.  In  the  formation  of  these  bodies,  both  the  toluene  and  the  benzylic 
chloride  take  part,  but  a  second  set  of  hydrocarbons  of  the  composition  nCjK^ 
(Zincke,  Ann.  Chem.  Pharm.,  clix.  368)  are  formed  from  the  benzylic  chloride 
alone,  and  are  the  result  of  the  removal  of  n  molecules  of  hydrochloric  acid  from 
n  molecules  of  benzylic  chloride ;  these  substances,  however,  are  decomposed  on 
distillation,  yielding  anthracene  and  other  products,  and  there  is  reason  to  believe 
that  anthracene  is  not  present  in  coal-tar,  but  that  it  is  in  a  similar  manner 
formed  on  distilling  the  tar  by  the  decomposition  of  more  complex  hydrocarbons 
(Zincke).  When  benzylic  chloride  is  heated  with  water,  the  first  action  which  takes 
place  is  that  represented  by  the  equation : 

C,H,.CH,C1  +  C,H,.CH,C1  =  HCl  +  C,H,.CH,.CgH,.CH,Cl. 

The  product  of  this  reaction  may  then  either  lose  HCl,  or  may  react  upon  another 
molecule  of  benzylic  chloride,  forming  the  chloride  Cg^H^gCl,  which  in  turn  may 
undergo  alteration  in  a  similar  manner.  In  this  way,  hydrocarbons  of  the  com- 
position TiCyllg,  and  chlorinated  compounds,  such  as  (/^^H^gCl,  Cg^H^gCl,  C.^gH  CI, 
&c.,  may  be  produced,  and  by  the  action  of  water  on  the  lattei",  small  quantities 
of  oxygenated  bodies  are  also  formed,  the  molecular  weights  of  the  products 
being  greater  the  longer  the  heating  is  continued.  The  product  of  the  action  of 
water  on  benzylic  chloride  is  therefore  extremely  complex  :  it  does  not  contain 
benzyltoluene  nor  anthracene,  however ;  but  on  submitting  it  to  distillation, 
water,  hydrochloric  acid,  benzylic  chloride,  benzyltoluene,  and  viscid  hydrocarbons 
— which  on  further  heating  yield  anthracene  and  toluene — are  obtained. 

Anthracene  is  now  manufactured  on  a  lar^e  scale  from  the 
higher  boiling  portions  obtained  in  the  distillation  of  coal-tar, 
which  when  allowed  to  stand  for  some  time  at  a  low  tempera- 
ture deposit  the  impure  substance  in  the  solid  state.  It  is 
freed  from  the  liquid  portions  by  means  of  a  centrifugal 
machine  and  hydraulic  pressure,  and  purified  fey  repeated  treat- 
ment with  boiling  petroleum  or  light  coal  oil,  or  by  sublima- 
tion in  a  current  of  air,  or  of  superheated  steam.  It  still,  how- 
ever, retains  small  quantities  of  impurities  which  may  be 
removed  by  exposing  it  to  sunshine  until  colourless,  and  then 
boiling  it  with  an  alcoholic  solution  of  trinitrophenol  or  picric 
acid  to  remove  traces  of  a  more  soluble  hydrocarbon  of  higher 
boiling-point.  It  should  finally  be  crystallized  from  boiling 
alcohol.  This  method  has  the  disadvantage,  however,  that  by  the 
exposure  to  light  small  quantities  of  paranthracene  are  produced. 
Perkin  [private  communication)  recommends  the  following  mode 
of  treatment.      Crude  anthracene  is  first  thoroughly  washed  with 
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petroleum  spirit  and  dried.  It  is  then  distilled  with  about  one- 
third  of  its  weight  of  solid  potassic  hydrate;  this  combines 
with  the  carbazol,  and  also  causes  many  of  the  impurities  to 
carbonize.  The  distilled  product  is  then  ground  up  with 
several  times  its  bulk  of  carbonic  bisulphide,  thrown  on  a  filter, 
and  washed  with  fresh  bisulphide ;  it  is  then  dried  and  crystal- 
lized two  or  three  times  from  benzene.  The  first  half  of  the 
distillate  generally  yields  the  best  product  to  work  with,  as  it  is 
more  readily  purified  than  the  latter  portions. 

When  quite  pure,  anthracene  crystallizes  in  colourless,  well 
defined,  monoclinic  plates,  which  exhibit  a  beautiful  violet  fluore- 
scence. It  melts  at  ^^13°  (4i5°'4  F.),  and  distils  unchanged  at 
about  360°  (680°  F.).  It  is  insoluble  in  water,  slightly  soluble  in 
alcohol,  but  more  readily  in  benzene.  When  it  is  dissolved  to- 
gether with  trinitrophenol  in  boiling  benzene,  deep  ruby-red 
crystals  of  the  compound  C^fl^Q  +  CgH2(N02)3.0H,  are  formed  ; 
this  is  decomposed  into  its  components  by  water  and  alcohol. 

Oxidizing  agents  convert  anthracene  into  anthraquinoney 
C^^HgOg,  whilst  hydriodic  acid  produces  dihydroanthracene,  C^fii2 
(1384)  and  hexahydroanthracene  C^^^H-^g  (1372) ;  or  at  280^(536°  F.), 
if  the  acid  is  very  concentrated  and  in  large  excess,  various  mem- 
bers of  the  paraffin  series  are  obtained,  amongst  which  are  tetra- 
decane,  heptane,  hexane,  and  ethane,  also  benzene  and  toluene 
(Berthelot). 

By  the  action  of  nitric  acid,  anthracene  is  converted  into 
anthraquinone  and  nitro-derivatives  of  the  latter,  and  all  at- 
tempts to  obtain  nitro-derivatives  of  anthracene  have  been  un- 
successful (Schmidt,  Journ.  pr.  Chem.  [2],  ix.  241).  By  careful 
treatment  with  sulphuric  acid  it  may  be  made  to  furnish  a  mix- 
ture of  two  isomeric  antkracenesulpkonic  acids,  Cj^H^.SOgH 
(Linke,  ibid.  [2],  xi.  222) ;  but  there  is  a  great  tendency  to  form 
viscid  carbonized  products. 

(1388)  Action  of  Chlorine  and  Bromine  on  Anthracene. — The 
first  action  of  these  halogens  on  anthracene  is  to  form  additive 
compounds,  which,  hawever,  are  very  easily  resolved  into  haloid  acid 
and  haloid  substitution  derivatives ;  the  bromine  compounds,  in 
fact,  are  so  unstable  that  they  cannot  be  isolated.  The  haloid 
derivatives  combine  with  the  halogens  forming  comparatively  stable 
bodies,  but  at  most  four  atoms  of  halogen  unite  with  a  molecule 
of  the  haloid  derivative. 

Anthracene  dichloride,  Cj^H^^Cl^,  is  formed  wben  chlorine  is  slowly  passed 
over  anthracene  for  not  too  long  a  time ;  by  heating,  or  by  the  action  nf  au 
alcoholic  solution  of  potassic  hydrate,  it  is  converted  into  mo nochlor anthracene. 
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Cj^HgCl  (Anderson) ;  little  is  known  of  either  of  these  bodies.  Dlchlorantlira- 
cene,  C^^HgCl^,  is  prepared  by  heating  the  hydrocarbon  at  100°  (212°  F.)  ia 
chlorine,  or,  according  to  Perkin  {Journ.  Chem.  Soc,  xxiv.  14),  by  passing  chlorine 
over  benzene  holding  in  solution  about  one-fifth  of  its  weight  of  anthracene 
until  the  mass  becomes  pasty.  The  crude  product  is  pressed,  distilled,  and  then 
repeatedly  crystallized  from  benzene.  It  forms  golden-yellow  scales  which  melt 
at  205°  (401°  F.),  and  are  sparingly  soluble  in  alcohol  or  ether,  but  easily  ia 
benzene;  on  oxidation  it  yields  anthraquinone.  Tetrachloi^anthracene,  C^^HgCl^, 
forms  stellate  groups  of  golden-yellow  needles,  which  melt  at  220°  (428  F.). 
It  is  prepared  by  passing  chlorine  over  anthracene  heated  to  about  180°  (356°  F.), 
treating  the  resulting  compound  (doubtless  dichlorauthracene  tetrachloride, 
C^jjHgClg)  with  an  alcoholic  solution  of  potassic  hydrate,  and  crystallizing  the 
product  from  benzene.  It  yields  dichloranthraquinone  when  oxidized  (Graebe 
and  Liebermann,  Ann.  Chem.  Pharm.  Suppl.,  vii.  283). 

Monohromanthracene  has  not  been  obtained.  When  bromine  is  added  to  a 
solution  of  anthracene  in  carbonic  bisulphide,  however  small  the  quantity  of 
bromine  taken,  dibromanthracene  is  always  produced  ;  more  or  less  anthracene 
remaining  unaltered.  Dibromanthracene,  C^^HgBr^,  forms  golden-yellow  needles, 
which  melt  at  221°  (429°'8  F.) ;  when  it  is  heated  with  an  alcoholic  solution  of 
potassic  hydrate  to  170°  (338°  F.)  it  is  reconverted  into  anthracene;  oxidizing 
agents  transform  it  into  anthraquinone.  Bromine  is  without  action  on  dibrom- 
anthracene dissolved  in  carbonic  bisulphide,  but  when  the  dry  substance  is  placed 
under  a  bell  jar  with  an  open  vessel  containing  bromine,  it  is  converted  into 
Dibromanthracene  tetrabromide,  C^^H^'Br^.  This  crystallizes  in  thick  colourless 
plates,  slightly  soluble  in  alcohol  and  ether,  more  readily  in  boiling  benzene.  It 
melts  between  170°  and  180°  (338°  and  356°  F.),  but  is  decomposed  and  con- 
verted into  tribromanthracene,  Cj^HyBrg,  hydrobromic  acid  and  bromine;  by 
heating  with  an  alcoholic  solution  of  potassic  hydrate,  however,  it  furnishes 
tetrabromanthracene,  C^^^^v^.  Tribromanthracene  crystallizes  in  yellow 
needles,  melting  at  169°  (336°"2  F.),  whilst  tetrabromanthracene,  which  closely 
resembles  it,  melts  at  254°  (489°" 2  F.).  Tribromanthracene  is  easily  soluble  in 
benzene,  which  dissolves  di-  and  tetrabromanthracene  with  difficulty ;  it  forms  a 
tetrabromide  with  bromine,  Cj^^HyBry.  When  oxidized,  tribromanthracene  yields 
bromanthraquinone,  and  tetrabromanthracene  is  converted  into  dibromanthraqui- 
none  (Grcebe  and  Liebermann,  loc.  cit.,  274—282). 

(1389)  Constitution  of  Anthracene  and  its  Derivatives, — The 
following  symbol  is  that  which  best  enables  us  to  represent  the 
formation  of  anthracene  and  its  behaviour  under  various  circum- 
stances, that  of  anthraquinone  being  also  given  since  it  is  im- 
possible to  discuss  the  constitution  of  anthracene  without  consi- 
dering that  of  anthraquinone : 


HC 

II 

HC 


H                          H 

H                         H 

C                           C 

/\  ;  y\ 

C— C— (J             CH 

HC              C— C— C             CH 

(1              1 

C— (J— 0              CH 

HC              C— C— C             CH 

/  "  \/ 

\/  '0  \/ 

H                         H 

H                         H          J 

Anthracene. 

Anthraquinone.                   1 

I 
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Anthracene,  it  will  be  seen,  is  represented  as  formed  from  two 
benzene  molecules,  vvhicb  are  not  directly  united  but  are  linked 
together  as  it  were  by  two  atoms  of  carbon  ;  each  of  the  latter 
being  united  to  the  other  by  one  of  its  affinities,  as  well  as  to  an 
atom  of  hydrogen,  and  by  the  two  remaining  affinities  to  each  of 
the  Cg  groups.  The  tetrad  CgHg  group  which  thus  links  together 
the  two  Cg  groups  is  represented  as  displacing  two  atoms  of  hydro- 
gen in  each  molecule  of  benzene  which  are  in  the  orthoposition  . 
relatively  to  each  other,  for  it  will  be  remembered,  anthracene  is 
not  obtained  from  parabenzyltoluene  (p.  362),  but  from  the 
isomeride  formed  together  with  it,  which  there  is  good  reason 
to  believe  is  orMobenzyltoluene.  Although,  however,  its  for- 
mation from  orthobenzyltoluene  proves  that  in  the  one  C^ 
group  two  atoms  of  hydrogen  are  displaced  which  are  in  the 
ortho-position  relatively  to  each  other,  it  does  not  in  any  way 
necessitate  the  assumption  that  this  is  the  case  with  regard  to  the 
second  Cg^  group,  nor  is  there  any  evidence  at  present  to  prove 
this  ;  analogy  alone  leads  us  to  believe  that  in  all  probability  it 
is  so. 

In  the  conversion  of  anthracene  into  anthraquinone,  the  two 
atoms  of  carbon  which  link  together  the  two  Cg  groups  become 
disunited,  and  each  combines  by  two  of  its  affinities  with  an 
atom  of  oxygen.  That  these  two  central  atoms  of  carbon,  as 
they  may  be  termed,  are  affected,  is  proved  by  the  formation  of 
anthraquinone  when  a  mixture  of  phthalic  chloride  and  benzene 
is  heated  with  metallic  zinc  (Piccard,  Beut.  chem,  Ges.  Ber., 
vii.  1785)  : 

^«^^|cOCl  -^  ^«^«  =   ^^^^  +    CgH.j^^jCgH,^ 

Phthalic  chloride.  Anthraquinone.. 

and  by  the  formation  of  phthalic  acid  in  large  quantity  when 
anthraquinone  is  heated  with  sulphuric  acid  to  270°  (518°  F.),  the 
reaction  being  probably  represented  by  the  equation  (Weith  and 
Bindschedler,  ibid.  vii.  1106) : 

r  H  !^oir  H    4.  ,so  i'^H  _  f.  „  fCOOH  fSO.OH 

Anthraquinone.  Sulphuric  acid.  Phthalic  acid.  Benzenedisulphonic 

acid. 

Anthraquinone  is  also  obtained  when  |3-  or  ©r/^otolylphenylketone 
(orthobenzoyltoluene)  is  oxidized  (Behr  and  Dorp,  i^iof.  vii.  18)  ; 
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CgH^.CHg 

CeH,.CO 

1         +  30 

=    1        1     +  2OH3 

CO.H.Ce 

CO.H.C, 

Orthobenzoyltoluene. 

Anthraquinone. 

The  proof  derived  from  the  formation  of  phthalic  acid  from 
anthraquinone,  and  vice  versa,  that  the  two  CO  groups  in  an- 
thraquinone are  associated  in  the  one  Cg  group  with  conti- 
guous carbon  atoms  may  be  regarded  also  as  proof  that  the 
benzyltoluene  formed  together  with  parabenzyltoluene,  aud  the 
ketone  into  which  it  is  converted  on  oxidation,  are  really  ortho- 
di-derivatives  of  benzene. 

It  has  been  stated  above  that  dichlor-  and  dibrom anthracene 
furnish  anthraquinone  on  oxidation ;  it  therefore  follows  that 
the  first  action  of  the  halogens  on  anthracene  is  to  displace 
the  atoms  of  hydrogen  associated  with  the  two  central  carbon 
atoms.  When  tetrachlor-  and  tetrabrom anthracene  are  oxidized, 
however,  dichlor-  and  dibromanthraquinone  are  produced ;  the 
latter  is  also  formed  by  heating  anthraquinone  with  bromine, 
and  when  it  is  fused  with  potassic  hydrate  it  is  converted  into 
dioxy anthraquinone  or  alizarin  : 

Ci.HgBrgOg  H-   2KHO   =   Ci,Hg(OH)202   +    2KBr. 

Dibromanthraquinone.  Alizarin. 

Admitting  that  the  two  atoms  of  bromine  are  directly  displaced, 
and  that  the  CO  groups  in  anthraquinone  are  associated  in  both 
Cg  groups  with  contiguous  carbon  atoms,  this  result  enables  us 
also  to  infer  the  nature  of  tetrabrom  anthracene :  for  Baeyer 
and  Caro  have  shown  that  alizarin  is  produced  by  the  action  of 
phthalic  anhydride  on  the  or^Aodioxybenzene,  pyrocatechin, 
CgH^  (OH)^,  in  presence  of  sulphuric  acid,  and  that  in  a  similar 
manner  chinizarin,  which  is  an  isomeride  of  alizarin,  may  be 
produced  from  the  /?ffradioxy benzene,  hydroquinone  {ibid.  vii.  972). 
The  only  formulse  which  can  therefore  be  assigned  to  chinizarin 
and  alizarin  are  those  represented  by  the  following  symbols  : 

H  OH  H  OH 

HC  0— C— C  COH  HC  0— C— C  CH 

i       I      I        II  Hill 

HC  c— C— C  CH  HC  C— C— 0  CH 

H  H  OH 

Alizarin.  Chinizarin. 
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But  since  the  bromine  atoms  in  dibromanthraquinone  occupy 
the  same  position  as  the  OH  groups  in  alizarin  it  follows  that 
two  of  the  bromine  atoms  in  tetrabromanthracene  displace 
hydrogen  atoms  attached  to  the  two  central  carbon  atoms, 
whilst  the  remaining  two  displace  hydrogen  atoms  in  the  ortho- 
position  relatively  to  each  other  in  one  of  the  Cg  groups. 

(1390)  Paranthracene  :  C^^Hjq. — Fritzsche  discovered  that 
light  has  a  most  remarkable  influence  upon  anthracene.  When 
a  cold  saturated  solution  in  benzene  is  exposed  to  sunlight,  small 
microscopic  plates  crystallize  out,  which  have  the  same  composi- 
tion as  anthracene,  but  very  different  properties.  Paranthracene 
is  not  only  very  sparingly  soluble,  but  melts  at  244°  (471°' 2  F.), 
or  30°  higher  than  anthracene  j  it  is  reconverted  into  anthracene 
when  fused,  however.  It  crystallizes  in  small  prismatic  crystals^ 
very  different  from  the  plates  in  which  anthracene  is  obtained. 
It  does  not  combine  with  trinitrophenol,  neither  is  it  attacked  by 
bromine  nor  boiling  concentrated  nitric  acid ;  but  by  the  action 
of  warm  fuming  nitric  acid  it  is  converted  into  anthraquinone. 
It  also  furnishes  anthraquinone  on  oxidation  by  chromic  acid 
(Schmidt^  Journ.pr.  Chem.  [2]^  ix.  247). 

(1391)  Phenanthrene  :  Cj^H^q. — This  hydrocarbon  is 
isomeric  with  anthracene,  and,  like  it,  is  found  in  the  higher 
boiling  portions  of  coal  oil.  It  was  discovered  by  Glaser  (Deut. 
chem.  Ges.  Ber.,  v.  861)  in  crude  anthracene,  and  subsequently 
examined  by  Grsebe  [Ann.  Chem.  Pharm.,  clxvii.  131),  whilst  it 
was  observed  almost  at  the  same  time  by  Ostermayer  and  Fittig 
{Deut.  chem.   Ges.  Ber.,  v.  933,   and  Ann.    Chem.  Pharm.,  clxvi. 

361). 

Phenanthrene  not  only  exists  in  coal  tar,  but  has  also  been 
formed  synthetically  by  passing  the  vapour  of  stilbene  through  a 
red-hot  tube  (Grsebe)  :  C^Jly^  =  C^fi^Q  +  B.,^;  very  little  hydrogen 
is  evolved,  however,  but  by  its  action  on  a  portion  of  the  stilbene 
toluene  is  produced:  Cj^Hj2  +  ^H2  =  2^7H8-  In  like  manner, 
when  the  vapour  of  dibenzyl,  C^^H^^,  is  heated  to  redness,  stilbene 
s  first  formed,  and  in  part  converted  into  phenanthrene ;  and  it 
nay  even  be  produced  in  this  way  from  toluene  (p.  ^66),  which 
loubtless  furnishes  in  succession  dibenzyl  and  stilbene  before  it 
fields  phenanthrene.  According  to  Barbier  (Deut.  chem.  Ges. 
5er.,  vii.  1444),  when  a  mixture  of  diphenyl  and  ethylene,  or  of 
)enzene  and  cinnamene  is  heated  to  redness,  phenanthrene  is 
)roduced. 

Phenanthrene  may  be  prepared  from  crude  anthracene  by 
listilliug  it  and   collecting  apart  the  portion  which   comes  over 
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between  310''  and  350''   (608''  and   eG^""  ¥.).      Repeated  crysti 
lizations  from  alcoliol,  rejecting  the  less  soluble  portions,  suffice 
purify  it  (Ostermayer,    ibid.    vii.    T090) ;    or,    as   suggested 
Schmidt    {ibid.  vii.  205),  it   may  be  dissolved  in   hot  alcohol 
85  per  cent.,  and  treated  with  nitric  acid,  whereby  the  anthracei 
is  converted  into  anthraquinone  and  dinitroanthraquinone,  whic 
form  a  resinous  cake,  whilst  the  clear  solution  solidifies  on  cogIId 
to  a  mass  of  crystals  of  phenanthrene.     This  may  be  readily  purifi^ 
by  crystallizing  it  from  dilute  alcohol.      The  crude  material  mai 
also  be  purified  by  dissolving  it  in  hot  coal-oil  boiling  at  100°- 
140°  (212° — 284°  F.),  together  with  ij  times  its  weight  of  tr 
nitrophenol  or  picric  acid  (Graebe).      On   cooling,   the   compoui 
with  trinitrophenol,  Cj4Hio-fCgH2(N02)30H   is  deposited  in  lo; 
yellow  needles,  melting  at    145°  (293°  F.) ;  it  is  readily  decoi 
posed  with  liberation  of  the  hydrocarbon  when  boiled  with  alkali 
solutions,  but  not  by  boiling  with  alcohol. 

Pure  phenanthrene  crystallizes  in  colourless  plates,  whi 
have  a  slight  blue  fluorescence,  and  are  readily  soluble  in  ethe? 
benzene,  carbonic  bisulphide,  and  hot  alcohol,  crystallizing  01; 
from  the  latter  in  great  part  on  cooling.  It  boils  at  34c 
(644°  F.),  and,  according  to  Ostermayer,  melts  at  96°  (204°*8  F.) 
Fittig,  Ostermayer,  and  Grsebe  mention  about  100°  (212°  F.)  a 
the  melting  point,  however.  • 

By  heating  with  hydriodic  acid,  phenanthrene  is  converted  inti 
phenanthrenetetrahydride  (1378).  Phenanthrene  is  less  readil; 
oxidized  than  anthracene,  and  is  converted  into  phenanlhraquinont 
Cj^HgOg,  which  is  isomeric  with  anthraquinone,  but  readib 
distinguished  from  it  by  forming  compounds  with  the  acid  sul 
phites  of  the  alkali  metals.  This  behaviour  renders  the  detectior 
of  phenanthrene  very  easy.  It  is  simply  necessary  to  dissolve  the 
substance  suspected  to  contain  it  in  glacial  acetic  acid,  and  to  adc 
a  warm  solution  of  chromic  anhydride  in  glacial  acetic  acid ;  the 
oxidation  product  is  first  treated  with  an  alkaline  solution  in  orde; 
to  remove  acid  substances,  and  is  then  warmed  with  a  solution 
hydric  sodic  sulphite.  The  phenanthraquinone  is  dissolved,  but 
on  the  addition  of  sulphuric  or  hydrochloric  acid,  it  is  preci 
pitated,  and  may  easily  be  recognised. 

Phenanthraquinone  is  also  distinguished  from  anthraquinone 
by  its  conversion  into  diphenic  acid,  C^gHglCOOHjg^,  on  furthe 
oxidation.  By  the  action  of  nitric  acid,  phenanthrene  is  readil 
converted  into  nitro-derivatives ;  it  also  furnishes  phenanthrene 
sulphonic  acid,   Cj^Hg-SO^H,  when  warmed  with  sulphuric  acid, 
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aud  does  not  exhibit  tlie  tendency  to  undergo  decomposition  which 
is  observed  when  anthracene  is  similarly  treated. 

When  bromine  is  added  to  a  well  cooled  solution  of  phen- 
anthrene  in  carbonic  bisulphide,  very  little  hydrobromic  acid  is 
evolved,  and  after  a  time  flat  prismatic  crystals  of  phenanthrene 
dibromide,  Cj^Hj^Brg,  separate;  this  decomposes  slowly  at 
the  ordinary  temperature,  but  rapidly  at  about  ioo°  (213°  F.), 
with  evolution  of  hydrobromic  acid  and  formation  of  monobromo- 
phenanthreney  Cj^HgBr.  The  same  reaction  takes  place  if  the 
phenanthrene  dibromide  is  boiled  with  water  or  with  alcohol. 
Bromophenanthrene  crystallizes  in  slender  colourless  prisms, 
which  are  readily  soluble  in  alcohol,  and  melt  at  6^°  (i45°"4  F.). 
By  the  further  action  of  bromine  on  its  solution  in  carbonic 
bisulphide  it  is  converted  into  dibromophenanthrene,  C^^HgBrg,  and 
tnbromophenanthrene,  Cj^H^Brg.  They  are  both  colourless  sub- 
stances, the  latter  crystallizing  in  silky  needles,  which  melt  at 
[26°  (258°-8  F.)  (Haydiick,  Ann.  Chem.  Pharm.,  clxvii.  177). 

Cold  concentrated  nitric  acid  converts  phenanthrene  into 
nononitrophenanthrenej  Cj^Hg.NOg,  which  is  obtained  in  the 
;rystalline  state  by  precipitating  its  acetic  acid  solution  with 
fater..  It  melts  between  70°  and  80°  (158°  and  [76°  F.). 
fVhen  heated  to  100°  (212°  F.)  with  strong  nitric  acid,  dinitro- 
menanthrene,  C^fi^(^O^c^,  is  produced.  It  separates  from  its 
;eetic  acid  solution  in  yellow  crystals,  which  melt  between  150 
U  160°  (302°  and  320°  F.)  (Grsebe). 

(1392)  Constitution  of  Phenanthrene. — When  phenanthra- 
iuindne  is  heated  with  soda-lime,  it  furnishes  almost  the 
iieoretical  amount  of  the  hydrocarbon  4iphenyl  (Grsebe),  in  ac- 
brdance  with  the  equation : 

Ci.HgO^    +  4NaOH   =  C.^H,,  +    %^?.fO^   4-   H^; 

Phenanthraquinone.  Diphenyl. 


% 


:ithraquinone  under  similar  circumstances  yielding  benzene  : 
Ci^HgOg   +   4NaOH    =    2CgH6   +    ^NagCOg. 


IS,  therefore,  inferred  that  two  Cq  groups  in  phenanthrene  are 
erectly  united,  which  is  not  the  case  with  anthracene,  and 
f)m  this,  together  with  the  fact  that  it  may  be  formed  from 
slbene,  the  formula  of  phenanthrene  is  written  in  the  following 
anner : 
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CeH,  CJIj.CH  CeH,.CH 

I       ;  II     ;  I        II     ■ 

CeHj  CeHj.CH  C,T1,.CH 

Diphenyl.  Stilbene.  Phenanthrene. 

This  formula  represents  phenanthrene  as  formed  from  diphenyl 
by  the  displacement  of  two  atoms  of  hydrogen — one  in  each  of 
the  Cg  groups — by  the  dyad  group  HClZiCH ;  but  it  does  not 
indicate  the  "  position"  which  this  group  occupies  relatively  to 
the  two  atoms  of  carbon,,  by  which  the  two  Cg  groups  in  diphenyl 
are  linked  together.  This,  however,  is  shown  by  the  following 
symbol : 

H      H 

C=C 

H  /  \         H 

/    \     y    \ 

HC  0 C  CH; 

H       H  H       H 

Phenanthrene. 

from  which  it  will  be  seen  that  the  atom  of  hydrogen  eliminatec 
from  each  of  the  Cg  groups  in  the  formation  of  phenanthrem 
from  stilbene  is  attached  to  the  atom  of  carbon  which  is  contiguou 
to  the  CgHg  group ;  or,  in  other  words,  phenanthrene  may  bi 
regarded  as  a  fl?ior/Ao- derivative  of  diphenyl.  The  experimenta 
evidence  in  support  of  this  conclusion  is  as  follows  : — It  has  alread; 
been  pointed  out  that  on  further  oxidation  phenanthraquinone  i 
converted  into  diphenic  acid  : 


CeH^.CO 

1         1      +    OH,  +   0   = 
CeH,.CO 

CeH^.COOH 

1 
CgH,.COOH 

Phenanthraquinone. 

Diphenic  acid. 

When  this  acid  is   distilled  with  quicklime,  it   is  decomposed  i; 
the  manner  represented  by  the  equation  : 


CgH^.COOH 
CgH^-COOH 

=     1          CO    +    CO,   +    OH^; 

Diphenic  acid. 

Diphenyleneketone. 

and  by  fusing  diphenyleneketone  with  potassic  hydrate  it  is  con 
verted  into  the  potassic  salt  of  phenylbenzoic  acid  : 
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CgH,.COOH 
+    KHO   =     I 

4'  ^6^5 

Dipbenyleneketone.  Potassic  phenylbenzoate. 

The  acid  so  obtained  is  not  identical  with  the  />ffraphenylbenzoic 
icid  obtained  from  paracyanodiphenyl  (p.  357),  and  which  is  also 
produced  on  oxidizing  paradiphenylbenzene  (p.  357) ;  it  is  there- 
fore probably  or/Aophenylbenzoic  acid,  since  our  general  ex- 
perience warrants  the  conclusion,  that  it  is  not  likely  that 
phenanthrene  is  a  dimeta-derivative  of  diphenyl.  Admitting  it 
to  be  oWAophenylbenzoic  acid,  it  will  be  found  on  tracing  out  the 
series  of  changes  by  which  it  is  formed  with  the  aid  of  the  graphic 
symbol  above  given  that  there  is  every  reason  to  regard  this 
symbol  as  correct. 

(1393)    ToLANE  OR  DiPHENYLACETYLENE  :     CgH^.C^CCgH.  Or 

C^^HjQ. — This  hydrocarbon  was  first  obtained  by  Lirapricht  and 
Schwanert  {Ann.  Chem.  Fharm.,  cxl.  330)  by  heating  monobromo- 
stilbene,  Cj^H^^Br,  with  an  alcoholic  solution  of  potassic  hydrate, 
to  130°  (266°  F.)  for' ten  or  twelve  hours.  It  may  also  be  con- 
veniently prepared,  according  to  Fittig  [ibid,  clxviii.  74),  from 
the  stilbene  dichloride,  Cj^H^^Clg,  obtained  by  the  action  of 
phosphorus  pentachloride  on  hydrobenzoin.  When  this  is  boiled 
with  an  alcoholic  solution  of  potassic  hydrate  it  is  completely 
converted  into  tolane. 

Tolane  forms  large  transparent  prisms,  which  melt  at  60° 
(140°  F.),  and  distil  unchanged  at  a  higher  temperature.  It  is 
readily  soluble  in  alcohol  and  ether,  and  when  heated  with  strong 
liydriodic  acid  is  reconverted  into  stilbene  and  dibenzyl. 

Although  no  brominated  or  chlorinated  derivatives  have  as  yet  been  obtained 
from  tolane,  it  readily  unites  with  a  molecule  of  bromine  forming  tolane  dihro- 
\mide,  C  H  Br  .  This  compound  exists  in  two  isomeric  modifications,  one  of 
jwhich  crystallizes  in  small  flat  needles  melting  at  200° — 205°  (392°— 401T,), 
the  other,  which  is  simultaneously  produced  but  in  much  smaller  quantity,  in  long 
slender  needles,  melting  at  64°(i47°'2  F.).  By  the  action  of  sodium  amalgam 
on  an  alcoholic  solution  of  potassic  hydrate,  they  are  both  reconverted  into 
tolane.  If  either  modification  be  heated  with  water  for  some  hours  to  170° — 
180°  (338° — 356°  F.),  a  considerable  quantity  of  the  other  modification  is  pro- 
duced ;  and  by  distilling  the  isQmeride  which  has  the  lower  melting  point,  it  is 
in  great  part  converted  into  that  having  the  higher  melting  point,  and  which  is 
scarcely  changed  on  distillation  (Limpricht  and  Schwanert,  Deut.  chem.  Ges. 
Ber.,  iv.  379). 

When  chlorobenzil,  C^Jl^pO\,  is  heated  with  phosphoric  pentachloride  to 
200°  (392°  F.)  the  compound  C^^H^^^Cl^  {tolane  tetrachloride  or  tetrachlordi- 
henzyl  :  CgHg.CCl^.CClg.CgHg)  is  formed ;  it  is  easily  converted  into  tolane  by 
sodium-amalgam,  and  according  to  Zinin  {ibid.  iv.  289 ;  Zeits.  Chem,  [2],  iv. 
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718),  when  treated  in  alcoholic  solution  with  zinc,  it  furnishes  two  isomeric 
tolane  dichlorides,  C^Jl^^CX^,  one  of  which  crystallizes  in  rhombic  tables  melt- 
ing at  153°  (307°-4  F.)  ;  the  other  forms  needles  which  melt  at  6t^°  (i45°'4  F.). 
Both  these  isomerides  are  likewise  produced  when  stilbene  is  heated  to  170° 
(338°  F.)  with  phosphorus  pentachloride  containing  a  little  oxychloride ;  they 
yield  tolane  when  treated  with  sodium-amalgam,  or  when  heated  with  an 
alcoholic  solution  of  potassic  hydrate  to  180°  (356°  F.),  and  on  distillation  are 
partially  converted  the  one  into  the  other  (Lirapricht  and  Schwanert,  loc.  cit.). 

The  nature  of  the  isomerism  which  exists  between  the  tolane  bromides  (or 
chlorides)  has  not  yet  been  ascertained ;  inasmuch,  however,  as  a  compound  of 
the  formula  CgH^.C^C.CgHg  can  only  furnish  a  single  dibromide  (or  dichloride), 
viz. :  CgHgBrCziCBrCgHg,  it  appears  probable  that  the  formation  of  one  of 
them  is  the  result  of  isomeric  change  (see  hydrobenzoin). 

(1394)  Methylanthracene  :  CjjH^^  ^^  CiA.CH3=  192,  is  formed  when 
ditolylmethane  or  dimethyldiphenylmethane  (p.  363)  is  passed  over  red-hot  pumice, 
two  molecules  of  hydrogen  being  eliminated.  In  order  to  purify  it,  the  product 
is  first  washed  with  ether-alcohol,  and  then  converted  into  the  compound  with 
trinitrophenol.  It  is  also  formed  on  distilling  chrysophanic  acid  and  emodin — 
two  substances  extracted  from  rhubarb — with  zinc  dust  (Liebermann,  Dent, 
('hem.  Ges.  Ber.,  viii.  970,  1102).  Methylanthracene  crystallizes  in  white  glis- 
tening scales  which  melt  at  about  200°  (392°  F.),  and  sublime  unchanged.  It  is 
insoluble  in  water ;  easily  soluble  in  benzene  and  carbonic  bisulphide,  but  only 
slightly  soluble  in  alcohol  or  ether. 

When  methylanthracene  in  carbonic  bisulphide  solution  is  treated  with  bro- 
mine, it  gives  rise  to  dihromomethylanthracene,  C^gH^^^Br^,  which  crystallizes  in 
golden  yellow  needles  melting  at  156°  (3i2°-8  F.)  (Weiler,  ihid.  \n.  1185; 
Fischer,  ibid.  vii.  1195).  On  oxidation  with  nitric  acid,  it  is  converted  into 
methylanthraquinone,  C^J1^{C11^0^,  which  on  further  oxidation  yields  anthra- 
quinonecarhoxylic  acid,  C^^Hy02(C00H). 

(1395)  Hydrocaebons  :  C^gHj^=2o6. — By  heating  the  chloroxylene, 
CHg.CgH^.CH^Cl,  produced  by  the  action  of  chlorine  on  boiling  coal-tar  xylene, 
with  water  at  200°  (392°  F.)  and  distilling  the  product,  Yan  Dorp  obtained  a 
crystalline  hydrocarbon,  melting  at  about  200°  (393°  F.),  which  he  termed  dime- 
thylanthracene  {ibid.  v.  624).  It  is  very  improbable,  however,  that  this  sub- 
stance is  really  a  dimethylanthracene,  since  it  is  doubtless  produced  by  a  series 
of  reactions  similar  to  those  which  lead  to  the  formation  of  anthracene  from 
benz^lic  chloride  (p.  372). 

DiMETHYLTOLANE    or  DiTOLYLACETYLENE  :    CH,.0  H^.C  =^CC„H,.CH,.  = 

o        6        4  6        4  8 

206. — This  hydrocarbon  is  formed  when  dimethylstilbene  dibromide,  C^gH^gBrj, 
(1385)  is  heated  to  140°  (284''  F.)  with  an  alcoholic  solution  of  potassic  hydrate. 
It  crystallizes  in  long  needles  or  silvery  scales  which  are  rather  soluble  in  alcohol 
or  ether  and  melt  at  136°  (276'^'8  F.)  (Goldschmidt  and  Hepp,  ibid.  vi.  1505). 

(1396)  Retene  :  CjgH^g  ■=  234,  was  discovered  by  Fikentscher  and  Tromnis- 
dorff  in  1837.  It  is  found  in  fossil  coniferous  woods,  in  the  higher  boiling  por- 
tions of  wood  tar,  and  amongst  the  products  formed  on  passing  the  vapour  of 
colophony  through  a  red-hot  tube  ;  Berthelot  states  that  it  is  amongst  the  sub- 
stances formed  by  heating  acetylene  to  redness..  It  crystallizes  in  needles  or 
scales  which  melt  at  or  about  99°  (2io°'2  F.),  and  forms  with  trinitrophenol 
a  compound  crystallizing  in  slender  orange  coloured  needles;  on  treatment  with 
chromic  acid  it  furnishes  several  products,  the  chief  of  which  is  dioxyretistene, 
C^  H^^Og.  When  dioxyretistene  is  distilled  with  zinc  dust,  retistene,  0^6-^14'  * 
crystalline  hydrocarbon  melting  at  about  94°  (20i°-2  F.),  is  obtained  (Wahlforss, 
Zeits    Chem.  [2],  v.  73;  Ekstiaud,  Bull.  Soc.  Chim.  [2],  xxiv.  55). 
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XII.   Hydrocarbons  of  the  CnHgn.go  or  Benzylnaphthalene 

Series. 

(1397)  Only  two  hydrocarbons  of  this  series  have  as  yet  been  obtained,  and 
'  these  even  scarcely  anything  is  known. 

Grsebe  {Deut.  ckem.  Ges.  Ber.,  vii.  782)  observed  when  pure  chrysoquinone, 
jgHj^Og,  was  heated  with  soda  lime  that  the  principal  product  was  a  hydro- 
,rbon,  CjgH^2, melting  at  about  105°  (221°  F.),  and  readily  soluble  in  alcohol, 
inzene,  and  carbonic  bisulphide.  It  is  quite  possible  that  this  may  be  jphenyl- 
iphthalene,  C^^^.QJS.^. 

By  distilling  ruficoccin,  a  substance  obtained  by  the  action  of  sulphuric  acid 
1  the   colouring   matter  of  cochineal,  with   zinc   dust,  Liebermann   and  Dorp 
)tained  a  crystalline  hydrocarbon   which  probably  has  the  composition  C  gH 
inn.  Chem.  Pharm.,  clxiii.  112). 

Benzylnaphthalene  or  naphthylphenylmeihane  :  C^^H^^  or  C^qH^.CH^.C  H 

:  218,  forms  colourless  needles  which  melt  at  64°  (i47°-2  F.),  and  are  insoluble 

water  but  very  soluble  in  ether.     It  is  prepared  by  the  action  of  zinc  powder 

L  a  mixture  of  naphthalene  and  benzylic  chloride  (Frote,  Compt.  Bend.,  ixxvi. 

59- 


\  XIII.  Hydrocarbons  of  the  0^2^-22  ^^  Pyrene   Series. 

(1398)  Although  a  number  of  hydrocarbons  of  this  series 
ave  been  obtained,  comparatively  little  is  known  of  them. 
he  following  is  a  list : 


^'16^10 


j'  Pyrene    .     .     . 
(  Diacetenylbenzene 


p  TT      J  Paradiphenylbenzene 
18    14    I  Orthodiphenylbenzene 


C\gHjg       Triphenylmethane  . 

C, 


JParadibeEzj'lbenzene    , 
^^^^^g    X  Orthodibenzylbenzene  . 

^  Diphenyltolylmethane , 
CgjHjg       Dibenzyltoluenes    . 


C..H.(C.HJ 
C=C.C-H. 

I 

6      a 


}  C.H.(C.H.), 
CH(CA)3 

CH3.C.H3(CH,.C.H.), 


M.P.  °  Cent. 
142° 

9f 


20s 
92° 


78° 
liquid 

liquid 


Phenylenenaphthalene  :    C^gH^g    or 


(1399)     Pyrene     or 
^„Hg(CgHJ  =  203. — This  hydrocarbon  appears  to  have  been  first 
bserved   by  Laurent^  although  he   never  succeeded  in  obtaining 
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it  in  a  pure  state.  Grsebe,  who  subsequently  examined  it, 
extracted  it  from  the  butyraceous  product  which  comes  over  after 
the  anthracene  in  the  distillation  of  coal  tar,  by  treating  it  with 
carbonic  bisulphide;  this  dissolves  the  pyrene  and  some  other 
hydrocarbons,  and  leaves  the  chrysene.  The  residue  left  on 
distilling  off  the  bisulphide  is  exhausted  with  warm  alcohol,  and 
the  cold  filtered  solution  mixed  with  an  alcoholic  solution  of 
trinitrophenol  or  picric  acid,  which  produces  a  red  crystalline 
precipitate  of  pyrene  picrate,  CjgHjQ  +  CgH3(N02)30H.  This,  after 
being  washed  with  alcohol,  is  decomposed  by  ammonia,  and  the 
liberated  hydrocarbon  crystallized  repeatedly  from  alcohol  until 
it  melts  at  142°  {2Sy°'6  F.).  In  some  instances  it  is  necessary 
to  reconvert  it  into  the  picrate  and  again  decompose  it.  The 
picrate  crystallizes  in  long  red  needles,  which  are  only  slightly 
soluble  in  cold  alcohol,  but  readily  in  ether  and  carbonic  bisulphide, 
and  very  easily  in  benzene. 

Pure  pyrene  usually  forms  colourless  scales,  but  by  slow 
evaporations  of  its  solutions  it  may  be  obtained  in  large  rhombic 
plates.  It  sublimes  with  difficulty,  and  distils  at  a  temperature 
considerably  above  360°  (680°  F.).  By  heating  with  hydriodic 
acid  solution  and  phosphorus  at  200°  (392°  F.),  it  is  converted 
into  pyrenehexahydride  (p.  369).  Pyrene  is  oxidized  with  con- 
siderable difficulty,  and  converted  into  pyrene quinone,  C^gHgOj, 
which  has  properties  similar  to  those  of  anthraquinone.  Pyrene, 
in  fact,  exhibits  very  considerable  resemblance  to  anthracene,  and 
it  therefore  appears  probable  that  it  has  a  similar  *^  constitution  •/' 
the  following  symbol  may  provisionally  be  employed  to  repre- 
sent it : 

H    H  H  H    H 

C_C=C-C=C-C=C-C 

II  I  I       I  II 

c-c=c-c=c-c=c-c 

H    H  H  H    H 

Pyrene. 

Dihromopyrene  dihromide,  C^gHgEr^,  is  formed  when  the  finely-divided 
hydrocarbon  is  exposed  to  the  action  of  bromine  vapour  at  the  ordinary  tempera- 
ture. It  crystallizes  from  nitrobenzene  in  pale  yellow  needles,  which  are  almost 
insoluble  in  alcohol,  ether,  or  benzene.  Trihromopyrene,  CjgHyBrg,  is  precipi- 
tated on  adding  bromine  in  slight  excess  to  a  solution  of  pyrene  in  carbonic  bi- 
sulphide. It  forms  colourless  needles  which  closely  resemble  the  compound 
just  described. 

When  pyrene  is  heated  with  nitric  acid  (s.g.  1*2),  diluted  with  an  equal 
volume  of  water,  it  is  converted  into  a  reddish  oil  which  solidifies  on  cooling. 
This,  when  crystallized  from  alcohol,  yields  yellow  needles  of  mononitropyrene, 
C    H  .NOj.     They  are  easily  soluble  in  ether  or  benzene  and  melt  at  about  140* 
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{284°  F.).  Binitropyrene,  C^J1^{^0,^.^,  forms  slender  yellow  needles  which  are 
only  slightly  soluble  in  alcohol,  ether,  and  benzene.  It  is  prepared  by  boilino- 
pyrene  with  nitric  acid  of  specific  gravity  1*45,  exhausting  the  product  with 
boiling  alcohol  to  remove  any  of  the  mononitro-derivative,  and  finally  crystalliz- 
ing from  acetic  acid.  Tetranitropyrene,  Q^^^{^0.)^,  is  formed  when  dinitro- 
pyrene  is  digested  for  a  long  time  with  fuming  nitric  acid.  It  crystallizes  from 
acetic  acid  in  long  needles  (Graebe,  Ann.  Chem.  JPharm.,  clviil.  285). 

(1400)      DiACETENYLBENZENE     Or     DiPHENYLDIACETYLENE  :      C    H  Or 

Cgllj.C^C.C^C.CgHg  =  202. — This  hydrocarbon,  discovered  by  Glaser  (Deut. 
chem.  Ges.  Ber.,  ii.  423),  is  formed  when  the  copper  derivative  of  acetenyl- 
benzene,  CgH^.C^CCu^.C^CCgHg,  is  suspended  in  an  alcoholic  solution  of 
ammonia  and  agitated  in  contact  with  air.  On  diluting  the  alcoholic  solution 
with  water,  the  new  compound  separates  in  glistening  needles.  It  melts  at 
97"  (2o6°-6  F.),  and  is  easily  soluble  in  alcohol  or  ether,  but  not  in  water. 
N^o  derivatives  have  as  yet  been  obtained  from  it;  but  when  exposed  to  an 
itiiiosphere  charged  with  bromine,  it  takes  up  four  molecules  of  the  latter 
brraing  a  viscous  compound. 

(1401)  Paradiphenylbenzene:  C^gH^^orCgH^(CgHg)2=  230.— Eiese(^ww. 
Chem.  Pharm.,  cxliv.  161)  obtained  this  substance,  mixed  with  diphenyl  and  an 
iraorphous  brominated  derivative,  by  the  action  of  sodium  on  the  solid  paradibromo- 
)enzene  dissolved  in  anhydrous  ether;  whilst  Schultz  {ibid,  clxxiv.  230)  observed 
t  amongst  the  products  formed  when  benzene  is  passed  through  red-hot  tubes.  It 
rys.tallizes  from  benzene,  in  which  it  is  easily  soluble,  in  flat  colourless  needles, 
lelting  at  205°  (401°  F,).  It  does  not  combine  with  trinitrophenol,  and  is 
nly  very  slightly  soluble  in  boiling  alcohol.  On  oxidation,  it  is  first  converted 
\io  paraphenylbenzoic  acid,  CgHg.CgH^.COOH,  and  ultimately  into  terephthalio 
cid,  CgH,(COOH),. 

Schultz  also  obtained  a  small  quantity  of  an  isomeric  hydrocarbon  which  he 
!rins  isodiphenylbenzene,  melting  at  85°  (185°  F.)  ;  it  furnishes  benzoic  acid 
.1  oxidation,  and  is  very  probably  or^/^odiphenylbenzene. 

(1402)  Teiphenylmethane  :  CjgHjg  or  011(0^115)3=  244. — Kekule  and 
ranchimont  {Deut.  chem.  Ges.  Ber.,  v.  906)  first  obtained  this  hydrocarbon  by 
eating  one  molecule  of  (0-2)  dichlorotoluene,  CgHg.OHOl.^,  with  two  of  mercury 
lenyl,  Hg(0gHg)2,  and  it  has  since  been  prepared  by  Hemilian  {ibid.  vii.  1203) 
)'  heating  a  mixture  of  benzene  and  diphenylcarbinol  or  benzhydrol, 
H(CgH5).,.0H,  with  phosphoric  anhydride  at  140°  (284°  F.)  for  four  hours.    It 

easily  purified  by  crystallizing  it  from  boiling  alcohol,  when  it  forms  thin 
strous  plates,  melting  at  92°  (i97°'6  F.),  and  distilling  undecomposed  at  360° 
»8o°  F.).  By  the  action  of  nitric  acid  it  is  converted  into  the  trinitro-deriva- 
ve  CH(0gH^.NO2)3.  On  adding  bromine  to  its  solution  in  carbonic  bisulphide, 
e  bromo-derivative,  CBr(CgHg)3,  is  produced,  and  remains  as  an  oil  on  distil- 
ig  ofi"  the  bisulphide  ;  on  treating  this  oil  with  water,  it  solidifies  to  a  crystalline 
.ass  of  triphenylcarbinol,  C(CgHg)g.OH,  which  is  also  produced  when  the  hydro- 
<rbon  is  boiled  with  an  oxidizing  mixture  of  potassic  dichromate  and  sulphuric 
J  id.  The  corresponding  triphenylchloromethane,  001(0,  Hg)3,  is  formed  by 
ie  action  of  phosphoric  pentachloride  on  triphenylcarbinol;  it  is  crystalline,  and 
i  readily  reconverted  into  triphenylcarbinol  by  warming  with  water, 
i  (1403)  Hydrocarbons  :  G^)^^^=  258. — By  the  action  of  bcnzylic chloride 
'<  benzene  in  presence  of  zinc,  two  isomeric  dibenzylbenzenes,  OgH^fOH^.OgH^),, 
i'  produced,  together  with  benzylbenzene.  Paradibenzylbenzene  crystallizes 
bin  hot  alcohol,  in  which  it  is  easily  soluble,  although  cold  alcohol  dissolves  it 
^th  difficulty,  in  thin,  flat,  glistening  plates,  which  melt  at  86°  (i86°'8  F.); 
c  oxidation  it  yields  paradibenzoylbenzene,  OgH^(CO.0gH5)2,  together  with  a 
sail  quantity  of  parabenzoylbenzoic  acid.     jS-  or  orthodibenzylbenzene  is  far 

3  c  c 
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more  soluble  than  the  isomeride,  and  crystallizes  in  long,  thin,  flat  needles,  which 
melt  at  78°  {i'j2°'4  F.) ;  when  oxidized  it  furnishes  j3-  or  orthodihenzoylhenzene 
and  /3-  or  orthobenzoylbenzoic  acid.  These  hydrocarbons  do  not  combine  with 
trinitrophenol.  Paradibenzylbenzene  in  also  obtained  together  with  traces  of 
the  isomeride  in  the  preparation  of  benzylbenzene,  by  Baeyer's  method,  from 
benzene  and  methylal  (p.  360)  (Zincke,  ibid.  vi.  119;  ix.  31). 

By  heating  a  mixture  of  diphenylcarbinol  and  toluene  with  phosphoric 
anhydride,  Hemilian  obtained  a  diphenyltolylmethane,  Cli^.O^^.CR{QJ^^^,  as 
a  liquid  of  high  boiling  point  which  does  not  solidify  even  in  a  freezing  mixture; 

C(C.HJ,.OH 
on  oxidation  it  is  converted  into  the  acid    |  {ibid.  vii.  1209).  ^^m 

C.H^.COOH  1^ 

(1404)  Hydeocaebons:  Cj^Hgy  =  272. — The  portion  boiling  at  292° — 296* 
(557° — 565°  F.)  separated  by  careful  fractional  distillation  from  the  product  of 
the  action  of  benzylic  chloride  on  toluene  in  presence  of  zinc  (p.  362),  is  a  mixture 
of  two,  or  perhaps  of  three  isomeric  0,^^^  hydrocarbons,  since  it  yields  two 
isomeric  acids  of  the  composition  C^^Hj^O^,  and  a  third  of  the  composition 
C^gHj^Og,  on  oxidation.  The  two  C^^  acids  are  isomeric  dibenzoylbenzoic  acids, 
CgH3(CO.CgHg)2.COOH;  the  nature  of  the  third  acid  has  not  been  ascertained,  and 
it  may  either  be  derived  from  a  special  C^jH^^  hydrocarbon,  or  perhaps  it  is 
formed  by  the  further  oxidation  of  one  of  the  dibenzoylbenzoic  acids  (Zincke  and 
Weber,  ibid.  vii.  11 53).  When  the  mixture  of  C^^H^^  hydrocarbons  is  passed 
through  a  red-hot  tube,  hydrogen,  toluene,  and  anthracene  are  produced,  and  uIho 
an  isomeride  of  anthracene,  of  which  as  yet  only  small  quantities  have  been 
obtained. 

§  XIV.   Hydrocarbons  of  the  CnH2n_24  or  Chrysene  Series. 
(1405)  Only   two    members  of   this    series   are    at    present 
known,   namely,  chrysene,  CigH^g^  ^^^  phenylenediphenylmethane, 

^19^14- 

Chrysene:  CjgH^g^^^^- — ^^^^  hydrocarbon  was  first  ob- 
served by  Laurent  in  crude  anthracene,  and  Berthelot  has  stat 
that  it  is  produced  when  benzene  is  passed  through  a  red-1 
tube.  This,  perhaps,  is  somewhat  doubtful,  as  from  the  sul 
sequent  experiments  of  Schultz  [Ann.  Chem.  Pharm.,  clxxiv.  230) 
and  of  Schmidt  {Deut.  chem.  Ges.  Ber.,  vii.  1365),  it  would  seem 
that  Berthelot^s  chrysene  was  really  impure  diphenylbenzene : 
nevertheless,  in  a  recent  paper  {Bull.  Soc.  Chim.  [2],  xxii.  437) 
Berthelot  reasserts  that  under  these  circumstances  he  obtains 
hydrocarbon  of  the  formula  CjgHjg,  which  forms  a  compel 
with  trinitrophenol. 

In  order  to   prepare   chrysene   from   the    semi-solid   higl 
boiling    portions  of   coal-tar,   it  is   first   treated   with    carboDi 
bisulphide  to  remove  pyrene  and  other  soluble  hydrocarbons,  an(^' 
the   solid  residue  is   then   crystallized   from   coal- oil  boiling  a 
150°  (302°  F.).      It   is,  however,  still  of  a  bright  yellow  colour  j 
but  may  be  obtained  colourless  by  boiling  it  with  alcohol  and ; 
small  quantity  of  nitric  acid,  or  by  heating  it  to  240°  (464°  F. 
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with  hydriodic  acid  and  amorphous  phosphorus.  Pure  colourless 
chrysene  may  also  be  obtained  by  reducing  the  compound  of 
dinitroanthraquinone  and  chrysene,  formed  by  the  action  of  nitric 
acid  on  an  alcoholic  solution  of  anthracene  and  chrysene,  with 
tin  and  hydrochloric  acid  (Schmidt,  Jour n.  pr.  Chem.  [i],ix.  270). 
Chrysene  crystallizes  from  benzene  or  acetic  acid  in  plates 
belonging  to  the  rhombic  system,  and  which  melt  at  about 
250°  (482°  F.).  It  cannot  be  sublimed  without  decomposition. 
It  combines  with  trinitrophenol  or  picric  acid,  forming  a  com- 
pound C^gHj2-fCgH2(N02)3.0H,  which  crystallizes  in  orange- 
coloured  needles,  and  is  easily  decomposed  by  cold  alcohol  (Lieber- 
paann,  Ann.  Chem.  Pharm.,  clviii.  299;  Schmidt,  loc.  cit.). 
(I  Chrysene  is  oxidized  with  very  great  readiness  by  chromic 
acid  and  converted  into  chrysoquinone,  CjgHioOg :  if  the  action  of 
the  oxidizing  agent  be  continued  phthalic  acid  is  also  produced. 
Chrysoquinone  closely  resembles  phenanthraquinone  in  its  pro- 
perties, and  it  is  not  improbable  therefore  that  the  constitution  of 
3hrysene  is  very  similar  to  that  of  phenanthrene,  and  that  it  may 
be  represented  by  the  formula : 


CA-CH 

II    ; 

CijHe.CH 

C,H,.CO 
C,„H,.C0' 

C«H,.CH 

II    ; 

CeH,.CH 

C,H,.CO 
C,H,.CO  ■ 

Chrysene. 

Chrysoquinone. 

Phenanthrene. 

Phenanthraquinone, 

Dichlorochrysene,  Q^^K^j^\,  which  crystallizes  from  benzene  in  colourless 
e^les,  is  formed  on  treating  chrysene  with  chlorine  at  100°.     It  melts  at  267'' 

12°  6  F.)  and  is  almost  insoluble  in  alcohol  or  ether.  Higher  chlorinated 
lerivatives  are  produced  by  the  action  of  chlorine  at  160° — -170°  (320° — 
138°  F.),  but  they  have  not  been  examined.  On  adding  bromine  to  chrysene 
.  lissolved  in  carbonic  bisulphide,  no  action  is  at  first  perceptible,  but  after  a  time 
lydrobroraic  acid  is  evolved  and  white  needles  of  dibromoclirysene,  C^gH^i^Br^, 
eparate ;  it  melts  at  273°,  and  on  oxidation  is  converted  into  chrysoquinone. 
V^hen  chrysene  is  exposed  to  an  atmosphere  of  bromine  vapour,  higher  brorainated 
erivatives  are  formed,  but  these  have  not  been  isolated  in  a  pure  state ;  there 
ppears,  however,  to  be  no  tendency  on  the  part  of  chrysene  to  form  additive 
ompounds. 

Mononitrochrysene,  C^gH^^-NOg,  is  formed  when  chrysene  is  boiled  with 
Icohol  and  nitric  acid,  or  more  rapidly  by  heating  it  with  nitric  acid  (sp.  gr.  t"25) 
t  100°  (212°  F.) ;  it  crystallizes  from  benzene  in  thick  yellow  prisms  which 
lelt  at  209°  (4o8°'2  F.).  When  finely  divided  chrysene  is  boiled  with  nitric 
jid  (sp.  gr.  1-3),  it  is  converted  into  a  mixture  of  the  mono-,  di-  and  tetranitro- 
erivatives.  Binitrochrysene,  C^fi^J^O^^^  crystallizes  from  acetic  acid  in  yellow 
eedles  which   melt  above  300°   (572°  F.)  and  are  almost  insoluble  in  alcohol, 

her,  and  benzene.    The  tetranitrochrysene,  Q^fiJ^O^^,  which  likewise  forms 

3II0W  needles,  is  also  produced  by  boiling  the  hydrocarbon   with   fuming  nitric 

;id  (Liebermann,  Schmidt). 

(1406)   Phenylenediphenylmethane :   C^^H^^  or   Q{0fiX{Cfl^  =  2/^S' — ' 

■''hen    the    triphenylchloromethane,   CCl(CgHjg,    obtained    by  the   action  of 
I  ■  c  c2 
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phosphoric  pentachloride  on  triphenylcarbinol  (1402)  is  heated  to  about  200"^ 
(392°  F.),  it  is  decomposed  with  evolution  of  hydrochloric  acid,  and  at  a  lii^j^hei 
temperature  an  oil  distils?  over,  which  on  cooling  solidifies  to  a  crystalline 
mass.  It  is  but  slightly  soluble  in  alcohol  or  acetic  acid,  crystallizing  from  the 
latter  in  slender  silky  needles  which  melt  at  138°  (28o°*4  F.).  It  has  the  com- 
position represented  by  the  formula  C^gH^^,  and  from  the  mode  of  its  formation 
there  can  be  no  doubt  it  is  a  phenylenediphenylmethane  (Hemilian,  Deut.  cJiem, 
Ges.  Ber.,  vii.  1208). 


§  XV.  Hydrocarbons  of  the  C^H2n-26  or  Dinaphthyl  Series. 
Three  members  of  this  series  are  known^  viz. : 

M.P.  °  Cent, 
r  TT      /  I>Jnaphthyl  l    ^P  TT  ^  ^54° 

^"-0^1*    I  Isodinaphthyl  /    ^'"lo^r^  jgy^ 

C^.H^g       Dinaphthylmethane  QH^O^^^l^).^  109° 

(1407)  Dinaphthyl  :  Cg^H^^  or  CjqH^.CjoH^=254. — This 
hydrocarbon,  which  was  discovered  by  Lossen  (Ann.  Chem.  P/iarm.^ 
cxliv.  71),  forms  pale  yellow  scales  when  crystallized  from  alcohol^ 
whilst  from  a  mixture  of  ether  and  alcohol  it  is  deposited  in 
octohedra :  it  melts  at  154°  (309°' 2  F.),  and  boils  above  360^^ 
(680°  F.)  It  is  formed,  along  with  phthalic  acid  and  resinous 
products,  when  naphthalene  is  heated  with  manganic  dioxide  and 
sulphuric  acid  diluted  with  twice  its  weight  of  water,  and  also, 
although  in  exceedingly  small  quantity,  by  the  action  of  sodium 
on  a  solution  of  bromonaphthalene  in  benzene.  The  latter  mode 
«f  formation  renders  it  probable  that  dinaphthyl  is  an  a-derivative 
of  naphthalene. 

By  the  action  of  bromine  it  is  first  converted  into  dibromodinapJdJiyl, 
C.,„H^2l^''2'  which  crystallizes  in  delicate  monoclinic  prisms  melting  at  215° 
(419°  F.).  It  is  almost  insoluble  in  alcohol,  but  easily  soluble  in  hot  benzene.  An 
amorphous  yellow  hexahromodina'pldhyl,  C^HgEr^,  is  obtained  when  excess  ol 
bromine  is  used.  A  yellow  resinous  hexachlorodinaphthyl,  C2^HgClg,  is  formed 
on  passing  chlorine  to  saturation  into  a  solution  of  dinaphthyl  in  carbonif 
bisulphide.  A  resinous  tetranitrodinaphthyl,  Q„^^^(^0^^,  is  precipitated  t 
adding  water  to  a  solution  of  the  hydrocarbon  in  fuming  nitric  acid. 

(1408)  Isodinaphthyl  :  CgoHj^  =  254. — "W.  Smith  (Joun 
Chcm.  Soc,  xxiv.  1  \  84)  found  that  a  hydrocarbon  of  high  boiling 
point  was  formed  in  minute  quantity  when  naphthalene  is  passec 
through  an  iron  tube  heated  to  bright  redness ;  he  has  sinci 
ascertained  that  it  is  far  more  readily  produced  when  a  mixtur 
of  the  vapours  of  naphthalene  and  antimonious  chloride  is  passei 
through  a  red-hot  tube.  It  is  readily  separated  from  accom 
panying  naphthalene  by  fractional  distillation,  as  it  boils  abov 
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60°  (680°  R).     When  carefully  sublimed  it  may  be  obtained  in 

elicate  plates,  which  melt  at  187°  (368°-6  F.).      With  chlorine 

yields  a  colourless  amorphous  tetrachlorisodinaphthyl,  C^qH   CI  . 

Iromine   attacks    it  violently,,    forming   heptabromisodinaphthijl. 


I  (1409)  DINAPHTHYLMETHANE  :  C^  JI^^  OF  CK,lC^^^\  =  268.— In  Order  to 
■  repare  this  hydrocarbon,  5  parts  of  naphthalene  are  dissolved  in  20  of  chloro- 
>rra  and  mixed  with  i  of  methylal :  10  parts  of  sulphuric  acid  are  then  gradually 
id  cautiously  added,  preventing  rise  of  temperature  by  keeping  the  flask  in 
)ld  water.  After  twelve  hours,  30  parts  of  water  are  added,  the  chloroform 
stilled  off,  and  the  product  purified  by  exhausting  it  with  boiling  ether  and 
stilling  the  residue.  It  crystallizes  from  boiling  alcohol  in  short  colourless 
•isms  which  melt  at  109°  (228°-2  F.)  and  boil  at  above  360°  (680^  F.)  It 
very  soluble  in  ether,  benzene,  and  chloroform,  and  dissolves  in  15  parts 
)iUng  and  120  of  cold  alcohol.  With  trinitrophenol  it  forms  a  compound 
hich  crystallizes  in  reddish-yellow  prisms  melting  at  about  142°  (287°"6  F.). 

On  adding  bromine  to  an  ethereal  solution  of  the  hydrocarbon,  hydrobromic 
:id  is  given  off,  and  an  oily  liquid  is  obtained  which  soon  solidifies  to  a  crystal- 
:ie  mass  of  dibromodinaphthylmethane,  C^j^Hj^Br^.  It  forms  short  colourless 
iiedles  melting  at  193°  (379°*4  F.),  and  which  are  moderately  soluble  in  etiier, 
!nzene,  and  chloroform,  but  with  difficulty  in  alcohol. 

Tetranitrodinajphthylmethane,  C^^^J^O^^,  forms  small  rhombic  crystals 
hich  are  almost  colourless.  It  is  readily  prepared  by  dissolving  the  hydro- 
rbon  in  10  parts  of  fuming  nitric  acid  and  allowing  it  to  stand  for  12  hours, 
iien  the  nitro-compound  separates  in  the  crystalline  state.  It  is  almost  in- 
iluble  in  alcohol,  ether,  and  benzene,  but  may  be  dissolved  in  aniline  (T. 
fabowski,  Deut.  chem.  Ges.  Ber.,  vii.  1605). 

Dinaphthyltrichlorethane,  CClg.CHCCjQHy)^,  which  may  be  regarded  as  a 
a-ivative  of  the  unknown  hydrocarbon  ^-dinaphthylethane,  CHg.CH(C^,jHy)^, 
J  obtained  on  treating  a  mixture  of  chloral  and  naphthalene  with  concentrated 
ilphuric  acid.  It  crystallizes  in  colourless  hexagonal  plates  which  are  moderately 
tluble  in  ether,  but  only  slightly  so  in  alcohol  (Grabowski,  ibid.  vii.  225). 


§  XVI.  Hydrocarbons  of  the  C^^^^-iq  Series. 

(1410)  The  only  member  of  this  series  which  has,  as  yet,  been  prepared  is 
dinaphthylethylene  :  C^gH^^  or  Cj^Hy.HCZLCH.C^gHy  =  280,  and  even  that 
k  been  but  very  imperfectly  examined.  When  the  crude  dinaphthylmono- 
dorethane  obtained  by  the  action  of  sulphuric  acid  on  a  mixture  of  dichlorether 
id  naphthalene  is  distilled,  an  oil  is  obtained  boiling  above  360°  (680°  F.), 
id  which,  on  oxidation,  appears  to  give  naphthoic  acid  (Hepp,  Deut.  chem. 
^s.  Ber.,  vii.  141 9). 

On  boiling  dinaphthyltrichlorethane  (1409)  with  an  alcoholic  solution  of 
jtassic  hydrate,  a  yellow  substance  is  obtained,  which  has  the  composition  of  a 
vMorodinaplithylethylene.  It  is  either  a  derivative  of  the  hydrocarbon  just 
Csciibed,  or  more  probably  of  an  isomeric  hydrocarbon,  ^-dinaphthylethylene, 
JiCz:C(C,,H,)2  (Grabowski,  ibid.  vii.  225). 


I 
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§  XVII.  Hydrocarbons  of  the  C^Hgn-so  OR  Idrialene  Series. 
Four  members  of  this  series  are  at  present  known,  viz.  : 

M.P.  °  Cent. 

C,2H^,  Idrialene  285° 

q,H^3  Triphenylbenzene  C^HgfCgHj,  170° 

C.H^o  Tetraphenylmethane  C(CgHJ^  145° 

C"^H,,  Tetraphenylethane  C,H2(C^H,)^  206° 

(14T1)  Tdeialene:  €22^1^=  278. — This  hydrocarbon,  about  which  very 
little  is  known,  exists  in  the  mineral  idrialite,  a  substance  resembling  coal,  which 
is  found  in  the  Idrian  mercury  mines.  It  may  be  extracted  by  distillation  in  an 
atmosphere  of  carbonic  anhydride,  or  preferably  by  exhausting  the  mineral  with 
benzene,  and  concentrating  the  solution  by  distillation.  It  crystallizes  in 
colourless  scales,  which  melt  above  285°  (545°  F.),  and  volatilize  at  a  higher 
temperature,  but  with  decomposition.  Nitric  acid  converts  it  into  trinitro- 
idrialene,  02^11^^(^02)3,  and  on  oxidation  with  chromic  acid,  it  yields  idria- 
quinone,  C^.^^^^O^.  Idrialene  is  the  fifth  term  in  the  series,  including  benzene, 
naphthalene,  anthracene  and  phenanthrene,  and  chrysene,  which  differ  by  wC^Hj, 
and  all  of  which  furnish  qui  nones. 

(141 2)  Teiphentlbenzene  :  C2^Hj3  or  CgH3(CgH.)3  =  3o6. — This  hydro- 
carbon was  first  discovered  by  Engler  and  Heine  {Deut.  chem.  Ges.  Ber.,  vi. 
641)  amongst  the  products  of  the  action  of  ammonia  and  phosphoric  anhydride 
on  methylphenylketone  or  acetophenone  : 

3.C,H,.CO.CH3      =      C,H3(C,H,)3      +      3OH,. 

Methylphenylketone.  Triphenylbenzene. 

and  has  since  been  prepared  by  the  action  of  dry  hydrochloric  acid  on  the  same 
ketone  (Engler  and  Berthold,  ibid.  vii.  1 123  ;  Heyne,  viii.  230  ;  and  Engler,  viii. 
394).  The  gas  is  rapidly  absorbed  with  evolution  of  heat,  and,  on  allowing  the 
solution  to  stand  for  a  day  or  two  in  a  warm  place,  the  hydrocarbon  is  deposited 
in  the  crystalline  state.  The  formation  of  triphenylbenzene  in  this  manner  is 
comparable  with  that  of  raesitylene  from  dimethylketone  (p.  265).  It  forms 
large  colourless  rhombic  plates,  which  melt  at  about  170°  (338°  F.),  and  boil 
at  a  much  higher  temperature.  It  is  only  moderately  soluble  in  alcohol,  ether, 
and  carbonic  bisulphide,  somewhat  more  readily  in  benzene. 

Monobromotriphenylbenzene,  C^^H^^Br,  produced  by  the  action  of  bromine 
on  the  hydrocarbon  in  carbonic  bisulphide  solution,  forms  colourless  needles, 
which  melt  at  104°  (2I9°*2  F.).  A  trinitrotriphenylbenzene,  €2^11^.(^02)3, 
has  been  obtained  in  crystalline  scales,  but  its  preparation  is  attended  with  con- 
siderable difficulties  (Engler  and  Berthold). 

(1413)  Tetraphenylmethane:  02^112^  or  C(CgH5)^  =  320. — This  hydro- 
carbon is  found,  according  to  Behr  [ibid.  v.  971),  amongst  the  products  of  the 
dry  distillation  of  baric  benzoate,  and  it  would  also  seem  to  be  produced, 
although  in  much  smaller  quantity,  when  the  calcic  salt  is  distilled  (Kekule  and 
Franchimont,  ibid,  vi.  910).  It  crystallizes  from  alcohol  in  long  colourless 
needles,  which  melt  at  about  145°  (293°  F.). 

(1414)  a-TETEAPHENYLETHANE:  C2,H2,orCH(CgH^)2.CH(C,H^)2  =  334  — 
Onheating  benzopinacone,  C(OH)(CgHg)2.C(OH)(CgHj2,  with  hydriodic  acid  and 
phosphorus  at  a  high  temperature  for  6  or  8  hours,  it  is  reduced  with  formation  of 
the  hydrocarbon  C2gH22,  which  may  readily  be  separated  from  the  unaltered  pina- 
cone  by  treatment  with  alcohol      It  is  only  slightly  soluble  in  boiling  alcohol,  but 
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easily  in  hot  benzene.  It  crystallizes  in  large  prisms,  which  melt  at  206" 
(402°"8  P.),  and,  at  a  higher  temperature,  sublime  readily  in  needles  and  small 
plates.  Substitution  derivatives  are  produced  by  the  action  of  bromine  and  of 
nitric  acid,  but,  as  yet,  they  have  not  been  examined  (Grsebe,  ibid.  viii.  1055). 
It  is  also  formed  by  the  action  of  heat  on  diphenylchloromethane  (1377). 

§  XVIII.  Hydrocarbons  of  the  CnHgn.sa  or  Tetraphenyl- 

ETHYLENE    SeRIES. 

(1415)  Teteaphenylethylene  :  C^Ji,,or  {CJIXC—C{C^n^\  =  ^^2.- 
Th\s  hydrocarbon  is  the  only  known  member  of  the  series.  To  prepare  it, 
diphenyldichloromethane,  CCl2(CgHj2»  is  mixed  with  finely  divided  silver,  ob- 
tained by  reducing  argentic  chloride  with  zinc :  a  powerful  action  takes  place, 
with  development  of  heat,  which  must  be  moderated  at  first  by  cooling  in  order 
to  avoid  de(;omposition  of  the  chloride.  The  product  is  distilled  as  soon  a?  the 
reaction  is  finished,  when  benzophenone  passes  over  first,  and  afterwards  the 
hydrocarbon,  which  solidifies  on  cooling  to  a  crystalline  mass.  It  is  very 
difficultly  soluble  in  alcohol  or  ether,  but  readily  in  hot  benzene,  from  which  it 
separates  on  cooling  in  spicular  prisms,  melting  at  221°  (42  9°"8  F.)  (Behr, 
ibid.  iii.  752).  The  same  hydrocarbon  is  found  amongst  the  products  obtained 
when  benzophenone  is  heated  with  zinc  dust  (Staedel,  ibid.  vi.  1401). 

§§  XIX  and  XX.   Hydrocarbons  of  the  Cjfl2n-34,  ^^d 

CaH2n-36   SeRIES. 

When  fluorene  is  distilled  over  heated  plumbic  oxide,  a  hydrocarbon  of  the 

c,H.\        /an. 

eomposition  C^gH^g  (?    |  )  C     C .      |        )  is  obtained,  which  is   converted 

c,h/         \c.h.  _ 

into  the  hydrocarbon  Cg^H^g  by  the  action  of  sodium-amalgam  on  its  boilmg 
alcoholic  solution  (Harpe  and  Dorp,  ibid.  viii.  104&).  Neither  has  been 
examined,  however,  and  their  formation  is  chiefly  of  interest  on  account  of  their 
containing  relatively  more  carbon  than  any  other  of  the  known  hydrocarbons. 

General  Review  op  the  Hydrocarbons. 

(1416)  It  is  of  especial  importance  and  interest  to  compare 
the  various  series  of  isologous  hydrocarbons,  so  as  to  ascertain  in 
what  respects  they  resemble  each  other,  and  also  to  observe  the 
points  in  which  they  differ ;  for  by  so  doing  we  obtain  an 
insight  into  the  laws  which  regulate  the  formation  of  com- 
pounds of  carbon  and  hydrogen,  and  we  are  also  enabled  ta 
form  some  idea  of  the  relation  which  undoubtedly  obtains  between 
composition  and  chemical  properties.  At  the  same  time,  many 
questions  in  connexion  with  this  subject. which  could  not  be  dealt 
with  advantageously  at  an  earlier  stage,  may  now  be  considered. 

■ ,  We  notice  in  the  first  place,  that  if  we  merely  regard  the  empirical  composi- 
tion of  the  isologous   hydrocarbons,  each  particular  series  appears  to  bear  the 
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same  relation  to  the  preceding  or  next  following,  but  this  is  by  no  means 
the  case  when  their  properties  are  contrasted.  Not  only  is  this  so  with  the 
isologous  hydrocarbons,  but  it  is  also  the  case  with  the  homologous  hydrocar- 
bons owing  to  the  occurrence  of  isomerism.  We  may,  in  fact,  regard  bodies  as 
homologous  and  isologous  in  a  6roao?*ewire,  understanding  merely  thereby  that  they 
exhibit  a  constant  ditference  in  empirical  composition ;  and  as  strictly  homo- 
logous and  isologous  when  they  not  only  exhibit  corresponding  differences  in 
composition,  but  have  also  certain  chemical  properties  in.  common.  Thus  the 
hydrocarbons  of  the  olefine  and  acetylene  series  are  true  isologues  of  the 
paraffins :  they  are  formed  from  the  latter  by  the  withdrawal  of  two  and  four 
atoms  of  hydrogen  respectively,  and  are  readily  reconverted  into  paraffins  or 
paraffin  derivatives;  combining,  for  example,  with  the  number  of  atoms  of 
bromine  requisite  to  convert  them  into  bromo-paraffins.  In  fact,  the  differences 
which  result  from  the  withdrawal  of  two  atoms  of  hydrogen  from  the  paraffins 
in  the  formation  of  the  oletines,  may  be  said  to  be  extended  in  the  same  direc- 
tion by  the  withdrawal  of  a  second  pair  in  the  formation  of  the  acetylenes 
from  the  olefines.  The  same  is  true  of  valylene,  the  lowest  term  of  the 
^0^211-4  series,  which  combines  with  six  atoms  of  bromine,  and  of  dipro- 
pargyl,  the  isomeride  of  benzene,  which  combines  with  eight  atoms  of  bromine ; 
80  that  these  hydrocarbons  also  are  terms  of  series  which  are  truly  isologous  with 
the  acetylene,  olefine  and  paraffin  series.  But  if  we  compare  the  Cj^H^g  hydro- 
carbons or  terpenes  with  valylene,  it  is  evident  that  they  are  not  strictly  speak- 
ing homologous,  but  rather  belong  to  a  parallel  homologous  series  ;  they  exhibit, 
however,  the  very  closest  resemblance  to  benzene  and  its  homologues,  which 
also  cannot  strictly  be  considered  as  members  of  the  same  homologous  series  as 
dipropargyl,  and  may  therefore  be  regarded  as  members  of  a  series  strictly 
isologous  with  that  which  includes  benzene.  In  explanation  of  this,  it  is  sup- 
posed that  in  the  paraffins,  olefines,  acetylenes,  valylene  and  dipropargyl,  the 
carbon  atoms  are  so  united  that  they  form  an  "  open  chain,"  whereas  in  the 
terpenes,  and  benzene  and  its  homologues,  the  carbon  atoms  form  a  "  closed 
chain  j"  this  convenient  hypothesis  being  founded  chiefly  on  the  behaviour  of 
the  hydrocarbons  of  the  various  series  with  chlorine  or  bromine.  In  the 
paraffins,  no  carbon  atom  is  united  to  another  by  more  than  one  of  its  four 
affinities,  and  the  action  of  chlorine  or  bromine  on  these  hydrocarbons  invariably 
produces  substitution  derivatives  containing  the  same  number  of  carbon  atoms ; 
whereas  the  olefines,  acetylenes,  valylene  and  dipropargyl  combine  with  these 
halogens  :  but  at  most  with  2,  4,  6  or  8  atoms  respectively,  being  ultimately 
converted  into  the  haloid  paraffin  derivatives  containing  the  same  number  of 
carbon  atoms.  We  are  thus  led  to  the  important  conclusion  that,  in  general, 
when  hydrocarbons  are  submitted  to  the  action  of  chlorine  or  bromine,  these 
halogens  are  unable  to  split  apart  carbon  atoms  united  by  single  affinities ;  and 
that  when  the  carbon  atoms  are  held  together  by  two  or  three  affinities,  they 
may  readily  be  partially,  but  never  entirely  disunited,* 

When  six  atoms  of  carbon  are  arranged  in  the  simplest  possible   manner 


*  Under  certain  special  conditions,  however,  when  a  large  proportion  of  the 
negative  element  is  accumulated  in  the  compound^  i.e.,  when  the  whole,  or  at 
least  the  greater  part  of  the  hydrogen  is  displaced  by  chlorine,  the  severance  of 
the  carbon  atoms  which  are  united  by  single  affinities  does  take  place.  Thus  by 
heating  a-chloropropane,  CgHyCl,  with  iodine  chloride,  finally  at  a  temperature  of 
200°  (392°  F,),  it  is  converted  into  octochloropropane,  CgClg,  which  by  the 
further  action  of  the  iodine  chloride  at  250°  (482°  F.),  is  resolved  into  hexachlor- 
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so  as  to  form  a  closed  chain  or  ring,  each  atom  will  be  united  to  the  next  by  one 
I  of  its  affinities.       Since  in  this   manner  two   of  the  affinities  of  each  carbon 

■  atom  will  be  engaged,  the  complex  will  be  capable  of  combining  with  at  most 
I  twelve  monad  atoms;  this  is  the  case  with  benzene,  which  can  only  combine  with 
j  six  atoms  of  chlorine  or  bromine,  whereas  dipropargyl,  its  isomeride,  in  which  the 

■  chain  is  open,*  can  unite  with  eight  atoms.  It  is  especially  noteworthy  that 
the  closing  up  of  the  chain,  not  only  lowers  the  absolute  combining  power  of 
the  complex  by  two  units,  but  reduces  its  energy  or  tendency  to  combine,  in 

'  a  far  greater  proportion.  Thus  the  hydrocarbons  of  the  olefine  and  acetylene 
series,  as  well  as  valylene  and  dipropargyl,  very  readily  combine  with  bromine, 
much  heat  being  developed  when  the  substances  are  brought  into  contact; 
whereas  benzene  unites  with  bromine  to  form  the  hexabromide  only  under 
exceptional  conditions,  the  aid  of  light  being  necessary  to  effect  the  combination. 
Many  of  the  hydrocarbons  of  the  remaining  series  are  allied  to  the  paraffins, 
olefines,  or  acetylenes  ;  although  most  of  them  exhibit  properties  which  indicate 
that  they  are  also  closely  related  to  benzene  or  its  homologues.  Thus  cinnamene 
and  its  homologues,  and  acetenylbenzene,  bear  a  precisely  similar  relation  to  the 
corresponding  terms  of  the  benzene  series,  that  the  olefines  and  acetylenes  bear  to 
the  corresponding  paraffins  ;  and  the  relation  between  tolane,  the  hydrocarbons  of 
the  stilbene  series,  and  the  corresponding  terms  of  the  diphenyl  series,  is  of  a 
precisely  similar  character  to  that  which  obtains  between  the  hydrocarbons  of  the 

>  acetylene,  olefine    and  paraffin    series ;  but  by  their   behaviour  on   oxidation, 

1  and  in  many  cases  towards  concentrated  nitric  and  sulphuric  acid,  these  h3'dro- 
carbons  betray  their  connexion  with  benzene  and  its  homologues.      The  assump- 

i  tion  that  the  hydrocarbons  in  question  are  formed  from  the  paraffins,  olefines  or 
acetylenes,  by  the  introduction  in  place  of  hydrogen  of  monad  radicles  derived 
from  benzene  or  its  homologues,  at  once  furnishes  an  explanation  of  their  be- 
haviour. 

This  is  also  the  case  with  certain  benzene  derivatives  such  as  (o — i)  chloro- 
toluene  or  benzylic  chloride,  CgH^-CH^Cl,  which  in  many  of  its  reactions  is 
strictly  analogous  to  the  a-chloroparaffins  ;  CH3.CH2Cl,or  chlorethane,for  example. 
In  fact,  wherever  a  paraffin  residue  enters  into  the  composition  of  a  hydrocarbon, 
that  hydrocarbon  will  have  some  properties  in  common  with  the  paraffins, 
olefines,  &c.,  and  may  occasionally  for  the  sake  of  convenience  be  regarded  as  a 
paraffin  or  olefine  derivative. 

Certain  hydrocarbons  such  as  naphthalene,  diphenyl,  anthracene  and  phenan- 
threne,  pyrene,  chrysene,  and  dinaphthyl,  exhibit  properties  which  indicate  that 

ithey  are    in  no    simple  way  related  to   the  paraffins,  but   that,  on  the  con- 


ethane,  C_jClg,  and  tetrachlororaethane,  CCl^;  similarly,  /3-chlorotetrane  (iso- 
primary  butylic  chloride),  C^IIgCl,  is  converted  by  heating  with  iodine  chloride, 
finally  at  240  (464°  F.),  into  octochloropropane  and  tetrachloromethane  (KraiFt 
and  Merz,  Deut.  c/iem.  Ges.  Ber.,  viii.  1296).  It  is  especially  noteworthy 
that  hexachlorobenzene,  in  which  it  is  supposed  the  carbon  atoms  are  united  by 
one  and  two  affinities  of  each  alternately,  is  not  in  the  least  affected  by  heating 
with  iodine  chloride  even  at  300°  (572°  F.). 

*  The  student  should  remember  that  all  language  of  this  kind  is  not  to  be 
interpreted  absolutely,  being  rather  the  expression  of  our  ignorance  than  of  our 
knowledge.  The  hypothesis  of  which  such  language  is  exponent  is  merely  em- 
ployed to  enable  us  to  give  a  consistent  explanation  of  the  relations  of  the 
^^arious  classes  of  bodies  to  one  another,  and  to  indicate  the  points  in  which  they 
iiffer  from,  or  resemble  one  another. 
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trary,  they  are  allied  more  or  less  closely  to  benzene.  It  is  therefore  proba- 
ble that  their  constitution  is  similar  to  that  of  benzene  ;  and  just  as  the  carbon 
atoms  in  benzene  are  supposed  to  be  united  so  as  to  form  a  clo&ed  chain, 
having  as  it  were  but  a  single  loop,  the  carbon  atoms  in  these  hydrocarbons  are 
also  assumed  to  be  united  so  as  to  form  a  closed  chain,  the  chain  consisting,  how- 
ever, of  two  or  more  loops,  as  in  the  case  of  naphthalene  (p.  348),  anthracene 
(p.  374),  phenanthrene  (p.  380),  pyrene  (p.  384),  &c. 

It  is  very  remarkable  that  although  these  hydrocarbons  contain  relatively 
much  less  hydrogen  than  benzene,  they  nevertheless  combine  with  far  fewer 
atoms  of  bromine  or  chlorine.  Thus  naphthalene  unites  with  at  most  lour 
atoms  of  chlorine,  and  anthracene  furnishes  dibroraanthracene  tetrabromide 
when  exposed  to  the  action  of  an  excess  of  bromine,  although  theoretically,  if 
these  hydrocarbons  were  capable  of  being  raised  to  the  type  of  the  paraffins,  we 
might  expect  them  to  unite  with  10  and  14  monad  atoms  respectively.  Phen- 
anthrene only  combines  with  two  atoms  of  bromine,  and  pyrene  is  converted 
into  dibromopyrene  dibromide  by  an  excess  of  bromine;  lastly,  chrysene  does 
not  appear  to  furnish  additive  compounds  with  bromine.  Benzene,  napiithalene, 
anthracene  with  its  isomeride  phenanthrene,  and  chrysene,  may  be  regarded  as 
forming  a  series  the  terms  of  which  differ  from  each  other  by  nOJl^.  Although 
their  quinones,  except  that  of  anthracene,  closely  resemble  one  another,  yet  it 
will  be  seen  that  the  hydrocarbons  themselves  differ,  but  progressively  in  the 
same  direction.  Benzene,  for  example,  is  capable  of  combining  with  six  atoms 
of  bromine;  naphthalene  unites  with  four;  and  phenanthrene  with  two;  whilst 
chrysene  appears  to  be  incapable  of  uniting  with  bromine.  From  this  it  would 
seem  that  the  formation  of  each  new  loop  in  the  chain  of  carbon  atoms  tends  to 
reduce  the  combining  power  by  two  units,  since  naphtha. ene  and  anthracene, 
each  of  which  has  two  loops,  combine  with  two  atoms  of  bromine  less  than 
benzene,  which  has  only  a  single  loop,  and  phenanthrene  and  pyrene,  which  have 
three  loops,  combine  with  four  atoms  less  than  benzene.*  The  additive  com- 
pounds of  the  halogens  with  naphthalene,  anthracene,  phenanthrene,  pyrene  and 
chrysene  are  far  more  readily  produced  than  the  benzene  compounds,  and  do  not 
require  the  intervention  of  light.  As  experiments  have  not  yet  been  made  to 
ascertain  what  would  be  the  behaviour  of  these  hydrocarbons  under  conditions 
similar  to  those  which  lead  to  the  production  of  benzene  hexaLromide  and 
hexachloride,  it  would  be  premature  to  attempt  to  draw  conclusions  from 
this  difference ;  but  the  subject  is  well  worthy  of  attention  and  investigation. 

It  is  a  question  whether  the  haloid  substitution  derivatives  of  hydrocarbons 
of  the  series  isologous  with  the  paraffins  are  in  any  case  directly  produced,  as  we 
suppose  the  substitution  derivatives  of  the  paraffins  to  be,  or  whether  their 
formation  is  not  always  preceded  by  that  of  additive  compounds.  It  is  beyond 
doubt  that  additive  compounds  are  first  formed  in  the  case  of  the  hydrocarbons 
of  the  series  intermediate  between  the  paraffins  and  the  benzenes,  and  also  from 


*  It  is  remarkable  that  all  the  hydrocarbons  in  which  the  carbon  atoms  arc 
supposed  to  be  united  so  as  to  form  a  closed  chain,  containing  two  or  more 
loops  united  together  at  two  points,  such  as  naphthalene,  fluorene,  acenaphthene, 
anthracene,  phenanthrene,  pyrene,  chrysene,  and  dinaphthylraethane,  combine 
with  trinitrophenol,  and  that  this  combination  does  not  occur  in  the  case  of  hy- 
drocarbons such  as  diphenyl,  in  which  there  are  also  two  loops,  but  united  only 
at  one  poini  It  is  noteworthy,  moreover,  that  additive  compounds  have  not  yet 
been  obtained  from  diphenyl  and  dinaphthyl,  although  from  Schultz's  experi- 
ments it  appears  probable  ttiat  the  action  of  bromine  on  the  former  does  lead  to 
the  formation  of  an  additive  compound. 
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hydrocarbons  such  as  naphthalene  and  anthracene.  The  behaviour  of  benzene 
itself  justifies  a  similar  conclusion,  although  the  extraordinary  facility  with 
which  chloro-  and  bromo-substitution  derivatives  of  its  higher  homoloo-ues  are 
formed,  especially  from  mesitylene,  tends  rather  to  favour  the  impression  that 
they  are  produced  without  the  intervention  of  additive  compounds.  The  ready 
formation  of  dibromodiphenyl  by  the  mere  addition  of  bromine  to  the  hydro- 
carbon suspended  in  water  is  also  remarkable  in  this  respect.  It  must  be  borne 
in  mind,  however,  that  the  lower  bromine  additive  compounds  are  extremely 
unstable  bodies,  and  that  their  formation  is  therefore  very  likely  to  escape  notice. 
Thus  although  benzene  hexabromide,  CgHgBrg,  is  a  very  stable  substance,  the 
lower  compounds,  CgHgBr^  and  CgHgBr^  (which  have  never  been  isolated),  are 
apparently  very  unstable,  the  application  of  a  very  slight  degree  of  heat  sufficing  to 
decompose  them.*  Similarly,  although  additive  compounds  of  naphthalene  and 
anthracene  with  chlorine  are  known,  corresponding  bromine  compounds  have  not 
been  obtained,  naphthalene  yielding  mono-  and  dibromonaphthalenes,  and 
anthracene  being  converted,  even  by  minimum  quantities  of  bromine,  into 
dibromanthracene ;  so  unstable  are  the  bromine  additive  compounds  of  these 
hydrocarbons. 

If  the  hydrocarbons  of  the  define  and  acetylene  series,  valylene,  and-  dipro- 
pargyl,  are  compared  together  merely  with  reference  to  their  behaviour  with 
bromine,  it  is  evident  that  they  are  strictly  isologous  with  the  paraffins,  since 
they  combine  with  an  amount  of  bromine  which  is  the  equivalent  of  the  hydrogen 
withdrawn  in  their  formation  from  the  paraffins.  This  relation  does  not  obtain, 
however,  in  the  case  of  any  of  the  remaining  series  of  isologous  hydrocarbons, 
from  which  it  is  inferred  that  the  carbon  atoms  in  them  are  not  united  in  such  a 
manner  as  to  form  an  open  chain.  The  question  now  arises  whether  it  is  possible 
to  obtain  hydrocarbons  of  the  ChHjq.s  and  higher  series,  having  the  carbon 
atoms  united  so  as  to  form  an  open  chain  ?  Direct  experiments  bearing  upon 
this  question  have  not  as  yet  been  made,  but  it  is  not  improbable  that  the  results 
would  be  negative.  A  somewhat  similar  question,  and  one  which  is  of  some 
interest,  is  whether  a  C^^U^^  hydrocarbon  isomeric  with  the  terpenes,  and  possessed 
of  properties  which  would  justify  its  ranking  as  a  true  homologue  of  valylene,  can 
exist?  Our  present  knowledge  almost  warrants  the  conclusion  that  such  a 
hydrocarbon,  even  if  capable  of  existing,  would  be  extremely  unstable,  and  that 
it  would  be  readily  convertible  into  a  terpene ;  for  the  C^fi^^  hydrocarbon  obtained 
from  diamylene  (1264)  has  the  properties  characteristic  of  the  terpenes. 

Another  allied  subject  requiring  discussion  is  the  composition  of  the  first  or 
lowest  term  of  each  of  the  series  of  isologous  hydrocarbons.  The  lowest  term 
of  the  paraffin  or  CJlc^j,  +  2  series  is  methane,  CH^,  but  the  first  term  of  the 
define  or  CnHgn  series  is  ethylene,  C^H^.  Numerous  experiments  have  been 
made  with  the  object  of  obtaining  the  hydrocarbon  CH^,  which  have  all  resulted 
in  the  formation  of  C^H^,  and  it  appears  to  be  almost  beyond  question  that  the 
lowest  term  of  the  olefine  series  which  can  exist  must  contain  two  atoms  of 
carbon.    The  same  is  undoubtedly  true  of  the  CnH2n„2  series,  acetylene  being  the 


*  Experiments  have  recently  been  made  (Ador  and  Rilliet,  DeuL  chem. 
Ges.  Ber.,  viii.  1286),  but  with  no  very  definite  amount  of  success,  to  obtain 
derivatives  of  the  additive  compound  CgH^Br^,  by  adding  first  a  small  quantity 
of  bromine  to  a  relatively  very  large  quantity  of  benzene,  exposing  the  well- 
cooled  mixture  to  sunlight,  and  then  acting  on  the  product  with  zincic  ethide : 
the  resulting  mixture  of  hydrocarbons  was  afterwards  submitted  to  oxidation.  The 
acids  obtained  in  this  way  were  benzoic,  para-  and  metabromobenzoic,  isophthalic 
and  terephthalic  acids. 
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lowest  possible  term  of  the  series.  With  regard  to  the  least  number  of  carbon 
atoms  which  may  be  associated  with  hydrogen  in  the  proportions  necessary  to 
form  lower  homologues  of  valylene*  and  dipropargyl,  we  have  no  means  at 
present  of  judging ;  but  it  is  difficult  to  resist  the  impression  that,  as  the  series 
of  isologous  hydrocarbons  is  descended,  and  the  proportion  of  hydrogen  to 
carbon  diminishes,  the  number  of  carbon  atoms  contained  in  the  first  term  of 
each  series  becomes  greater  and  greater. 

There  is  also  very  little  evidence  to  show  how  few  carbon  atoms  can  be  united 
together  so  as  to  form  a  closed  chain,  and  whether,  as  appears  probable,  benzene 
is  the  simplest  possible  instance  of  this  kind.  There  are,  however,  as  Meyer 
has  pointed  out  {A/in.  Ckem.  P/iarm.,  clxxx.  192),  a  considerable  number  of 
facts  which  tend  to  prove  that  a  closed  chain  cannot  be  formed  from  three  car- 
bon atoms.  Thus  it  might  be  expected  that  a-dibromopropane  (1189),  when 
heated  with  metallic  sodium,  would  furnish  a  hydrocarbon,  C^Hg,  in  which  the 
carbon  atoms  are  united  in  a  closed  chain,  as  represented  by  the  following 
equation : 

CH^Br 

I 

CHjj  +      2]Sra      =      2NaBr      4- 

CH,Br 

a-Dibromopropane.  Isomeride  of  propylene. 

It  has  been  found,  however,  that  the  reaction  does  not  take  place  in  this 
manner,  ordinary  propylene,  H„C  ZZ  CH.CHg,  being  produced.  Examples 
which  are  more  to  the  purpose  are  afforded  by  the  behaviour  of  bromisobutylene 
and  iodallylene  towards  alkalies.  If  the  elements  of  a  molecule  of  haloid  acid 
were  withdrawn  from  each  of  these  compounds,  hydrocarbons  containing  three 
atoms  of  carbon  united  in  a  closed  chain  would  result,  thus: 


T' 

/CH. 

T' 

/T' 

1 
c     - 

III 

CI 

HI  = 

(J       . 

C.CH3   -   HBr   - 

II 
CHBr 

(   C.CH.. 

Iodallylene. 

Bromisobutylene. 

Iodallylene,  however,  is  not  in  the  least  affected,  even  when  heated  with  sodic 
ethylate  ;  and  bromisobutylene,  which  is  not  attacked  by  an  aqueous  solution  of 
potassic  hydrate,  is  converted  into   the   ether,  C^Hy.OCjjHg,  by  the  action  of  an 


*  The  constitution   of  valylene  has  not  been  determined,  but  it  is  probable 

that  the  several  stages  of  its  formation  from  amylene  are  correctly  represented 
by  the  following  formulae : 

CH3  CH,  CH,  CH,  CH, 

I  I  I  I  11 
C.CH,             CBr.CH.             C.CH,             CBr.CH,             C.CH, 

II  ;         I  J         II     "j         I  ;         I      . 

CH  CHBr  C  CBr  C 

I  I  II  II  III 

CH,  CH,  CH,  CH,  CH 

Amylene.  Amyleue  dibromide.       Valerylene.  Valerylene  dibromide.      Valylene. 
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alcoholic  solution,  and  does  not  furnish  a  hydrocarbon  even  when  heated  with 
solid  potassic  hydrate.* 

From  these  few  observations  it  will  be  evident  how  much  remains  unknown 
with  regard  to  the  hydrocarbons,  and  how  difficult  it  is,  therefore,  to  institute  a 
satisfactory  comparison  between  the  various  isologous  series. 

The  foregoing  remarks  have  dealt  chiefly  with  the  relations  of  the  various 
series  of  isologous  hydrocarbons  as  exhibited  by  their  behaviour  with  chlorine  and 
bromine,  but  it  is  interesting  also  to  compare  them  with  reference  to  their  be- 
haviour with  other  reagents,  such  as  concentrated  nitric  and  sulphuric  auids,  and 
on  oxidation.  The  paraffins  resist  the  action  of  these  acids,  and  do  not  furnish 
substitution  or  additive  compounds  with  them  similar  to  those  obtained  from 
other  hydrocarbons  ;  the  defines  and  acetylenes  combine  directly  with  sulphuric 
acid,  and  also,  in  most  cases,  are  readily  polymerized  by  this  acid,  but  they  do 
not  yield  characteristic  products  when  submitted  to  the  action  of  concentrated 
nitric  acid.  The  terpenes,  or  C^^H^g  hydrocarbons,  appear  to  combine  with  sul- 
phuric acid,  but  the  resulting  compounds  are  excessively  unstable,  and,  there- 
fore, by  the  action  of  this  reagent  they  are  usually  polymerized ;  they  are  vio- 
lently attacked  by  strong  nitric  acid,  but  do  not  yield  characteristic  products. 
Benzene  and  its  homologues,  and  most  of  the  hydrocarbons  of  the  remaining 
isologous  series,  yield  substitution  derivatives  when  submitted  to  the  action  of 
concentrated  sulphuric  or  nitric  acid,  one  or  more  atoms  of  hydrogen  being  dis- 
placed by  the  corresponding  number  of  SO^H  or  NO^  groups;  in  all  these 
hydrocarbons,  it  is  assumed,  as  we  have  seen,  that  the  carbon  atoms,  in  part  at 
least,  are  united  so  as  to  form  a  closed  chain  ;  it  is  noteworthy,  moreover,  that 
the  hydrogen  atoms  which  are  displaced  are  always  attached  to  carbon  atoms 
which  form  part  of  the  closed  chain. 

By  prolonged  treatment  with  oxidizing  agents,  the  paraffins  are  converted 
into  mixtures  of  acids  of  the  acetic  and  succinic  series,  and  similar  products  are 
obtained  Trom  the  olefines,  which,  however,  are  far  more  readily  attacked  ;  the 
law  of  oxidation  of  these  series  of  hydrocarbons  has  not  been  ascertained :  it  is 
only  known  that  the  products  usually  contain  fewer  atoms  of  carbon  than  the 
hydrocarbon  oxidized.  Little  is  known  of  the  manner  in  which  the  hydrocarbons 
of  the  CnH^n_2  ^^^  ^^nH2n-4  scries- behave  on  oxidation,  but  the  investigation  of 
the  terpenes  in  this  direction  appears  to  promise  results  of  considerable  interest 
and  importance.  Benzene,  as  we  have  seen,  is  entirely  broken  up  on  oxidation, 
but  its  homologues  behave  differently :  the  closed  chain  or  Cg  group  remaining 
intact,  whilst  the  sida  chains  or  paraiiin  residues  are  so  oxidized  that  only  the 
atom  or  atoms  of  carbon  which  are  directly  united  to  the  closed  chain  in  the  original 
hydrocarbon  remain  in  union  with  it  in  the  oxidation  product.  The  hydrocar- 
bons of  the  remaining  series  exhibit  a  similar  behaviour.  Those  in  which  all 
the  carbon  atoms  together  form  a  closed  chain,  having  two  or  more  loops  united 
together  at  two  points,  yield   quinones  on  oxidation;   these  are  formed  from  the 


*  Some  time  since  Pinner  stated  that  the  hydrocarbon  CgH^  was  produced 
by  the  action  of  sodium  on  the  so-called  dichlorallylene  from  "  croton  chloral." 
This  "  croton  chloral"  is  produced  by  the  action  of  chlorine  on  acetaldehyde,  and 
was  supposed  to  be  a  trichlorocrotonic  aldehyde  of  the  formula  C3H3CI3.COH, 
"  dichlorallylene,"  CgH^Cl^,  being  formed  from  it  by  the  action  of  alkalies. 
Pinner  has  recently  admitted,  however,  that  "  croton  chloral,"  and  all  the  com- 
pounds derived  from  it,  contain  two  atoms  of  hydrogen  nnore  than  he  originally 
stated,  it  being  trichlorobutyric  aldehyde,  the  hydrocarbon  CgH^  being  in  reality 
allylene,  Cj,H^.  The  chlorobromo/'ro/J^'Zewe  derivatives  described  on  p.  206 
are  consequently  propane  derivatives. 
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hydrocarbon  by  the  displacement  of  two  atoms  of  hydrogen  by  two  of  oxygen, 
and  in  their  properties  closely  resemble  quinone,  C^Ufi^,  which  is  similarly 
related  to  benzene  although  it  has  not  been  obtained  from  it  directly  by  oxida- 
tion, probably  by  reason  of  the  very  slight  resistance  which  it  itself  opposes  to 
oxidation.  Those,  on  the  other  hand,  in  which  the  carbon  atoms  are  partially 
united  in  a  closed  chain,  and  partially  form  an  open  chain,  behave  like  the  ben- 
zene homologues,  the  closed  chain  usually  remaining  intact,  and  the  atom  or 
atoms  of  carbon  directly  associated  with  it  in  the  hydrocarbon  alone  remaining 
united  to  it  in  the  oxidation  product. 

It  is  noteworthy  that  the  action  of  oxidizing  agents  upon  the  hydrocarbons 
differs  greatly  from  that  of  chlorine  and  bromine,  since  carbon  atoms  united  only 
by  a  single  affinity  to  each  other  are  thereby  frequently  disunited ;  in  these 
cases,  however,  there  appears  always  to  be  an  accumulation  of  the  negative 
element  (oxygen)  at  the  point  of  rupture  previous  to  its  occurrence :  dibenzyl, 
CgHj.CHj.CHj.CgHg,  for  example,  being  doubtless  converted  into  the  ketone 
dibenzoyl,  CgHj.CO.CU.CjHj,  before  it  is  resolved  into  two  molecules  of  benzoic 
acid. 

Hitherto  the  nature  of  the  differences  which  exist  between  the  various  series 
of  isologous  hydrocarbons  have  been  chiefly  considered,  but  it  is  to  be  noticed 
that  there  is  also  a  progressive  alteration  in  properties  in  the  case  of  the  succes- 
sive terms  of  each  homologous  series.  The  lowest  and  least  complex  members 
of  a  series  are  invariably  the  most  stable,  and  the  stability  diminishes  progres- 
sively as  the  series  is  ascended ;  moreover,  the  lowest  members  are  least  readily 
acted  upon,  and  their  derivatives  are  more  stable  than  those  of  the  succeeding 
terras.  Thus,  in  the  case  of  the  paraffins,  the  action  of  chlorine  appears  to  take 
place  more  readily,  the  greater  the  number  of  carbon  atoms ;  and  the  same  rela- 
tion obtains,  but  is  much  more  marked,  in  the  case  of  benzene  and  its  homo- 
logues :  on  the  other  hand,  the  mono-haloid  derivatives  of  methane  and  ethane 
when  submitted  to  the  action  of  alkalies,  lose  haloid  acid  only  at  a  high  tempera- 
ture, whereas  those  of  the  succeeding  homologues  are  converted  into  olefines  with 
increasing  facility  as  the  series  is  ascended.  Again,  the  olefines  appear  to  com- 
bine with  the  halogens  the  more  readily  the  more  complex  they  are,  but  the 
resulting  compounds  are  the  more  stable  the  fewer  the  carbon  atoms  they 
contain.  The  same  is  true  with  regard  to  the  behaviour  of  homologous  hydro- 
carbons with  oxidizing  agents  :  oxidation  being,  as  a  rule,  effected  the  more 
readily  the  more  complex  the  hydrocarbon.  It  is  necessary  to  remember, 
however,  that  owing  to  the  occurrence  of  isomerism,  all  the  members  of  an 
homologous  series  are  not  strictly  comparable ;  the  several  terms  in  an  isomeric 
series  of  hydrocarbons  may  differ  greatly  in  properties,  and  therefore  in  order  to 
ascertain  the  true  relations  of  homologues,  and  the  effect  of  a  repetition  of  a 
similar  alteration  in  composition,  it  is  necessary  to  compare  together  only  those 
homologues  which  occupy  similar  positions  in  the  isomeric  series  to  which  they 
respectively  belong. 

It  has  been  pointed  out  above  that  the  paraffins,  olefines,  acetylenes,  valylene, 
and  dipropargyl  may  be  regarded  as  terms  in  a  series  of  strictly  homologous 
hydrocarbons ;  the  carbon  atoms  in  these  hydrocarbons  being  always  united  in 
the  form  of  an  open  chain.  There  is  little  doubt  that  the  generation  of  the 
olefines  by  the  withdrawal  of  a  molecule  of  haloid  acid  from  the  monohaloid 
derivatives  of  the  paraffins,  and  of  the  acetylenes  from  the  monohaloid  deriva- 
tives of  the  olefines,  takes  place  in  accordance  with  a  law  which  is  probably  of 
general  application  in  all  cases  of  withdrawal  of  haloid  acid  from  haloid  deriva- 
tives. Sufficient  material  has  already  been  accumulated  to  enable  us  to  define 
with  considerable  probability  the  nature  of  this  law.  It  is  requisite,  in  the  first 
place,  to  bear  in  mind  that  in  all  the  olefines  two  of  the  carbon  atoms  are  united 
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by  two  affinities  of  each,  so  that  they  are  necessarily  contiguous :  this  is  a 
necessary  inference  from  the  proof  above  given  that  carbon  atoms  which  are  only 
united  by  single  affinities  are  not  disunited  by  the  action  of  bromine,  and  that 
consequently  the  carbon  atoms  in  the  olefines  do  not  form  a  closed  chain,  which 
is  the  only  alternative  if  it  be  not  admitted  that  two  of  them  are  united  by  two 
affinities  of  each.  In  the  formation  of  the  olefines,  therefore,  from  the  mono- 
haloid  paraffins^  the  atom  of  halogen  and  an  atom  of  hydrogen  which  are 
attached  to  contiguous  carbon  atoms  are  withdrawn.  If  now  we  regard  the 
formation  of  the  three  butylenes  from  the  four  iodotetranes  or  butylic  iodides, 
as  represented  by  the  following  equations : 

CH3.CH^.CH,.CHJ   -    HI    =    CH3.CH^.CH=CH,, 

Primary  butylic  iodide.  Ethylethylene. 

CH3.CH,.CHI.CH3    -    HI  =    CH3.CHz:CH.CH3. 

Secondary  butylic  iodide.  a-Dimethylethylene. 


(CH3),CH.CHJ 

Isoprimary  butylic  iodide. 

(CH3)3CI 

Tertiary  butylic  iodide. 


HI   =    (CH3),C=:CH,. 

j8-Dimethylethylene. 


and  of  heptylene  from  the  iodide  of  dimethylisobutylcarbinol : 

(CH3),CI.CH,.CH(CH3),   -   HI    =    (CH3),C=CH.CH(CH3),. 

Dimethylisobutylcarbylic  iodide.  Isopropyldimethylethylene. 

it  is  evident  that  the  hydrogen  is  always  withdrawn  from  the  least  Tiydrogenized 
carbon  atom  contiguous  to  that  to  which  the  halogen  is  attached.  This  rule 
appears  to  be  of  general  application,*  it  is  not,  however,  a  guide  in  the  case  of 
the  formation  of  the  olefines  from  the  alcohols  by  the  action  of  dehydrating 
agents,  such  as  zincic  chloride ;  since,  as  Flavitzsky's  experiments  have  conclu- 
sively proved  {ibid.  p.  340),  the  amylene  thus  prepared  from  isoprimary  amvlic 
alcohol,  CH2(OH).CH,.CH(CH3),,  is  a  trimethylethylene,  CHg.HCzzCCCH,),. 
But,  as  already  pointed  out  (p.  194),  the  reaction  in  the  latter  case  gives  rise  to  a 
very  complex  product,  and  the  occurrence  of  isomeric  change  is  therefore  by  no 
means  surprising.  The  formation  of  trimethylethylene  in  this  manner,  how- 
ever, is  of  considerable  interest  as  an  illustration  of  the  tendency  which  appears 
very  generally  to  exist  for  isomeric  change  to  occur  whenever  there  is  a  possibility 
of  the  production  of  new  methyl  groups  in  a  compound. 

If  we  now  turn  to  the  formation  of  the  acetylenes  from  the  dihaloid 
paraffins  and  monohaloid  olefines,  we  find  that  the  law  above  enunciated 
equally  obtains.     The  formation  of  the  monohaloid  olefines  from  the  dihaloid 


*  In  describing  the  olefines,  the  butylene  from  secondary  butylic  iodide  was 
represented  as  a  dimethylethyleneof  the  formula  CH3.HCzzCH.CH3,  and  it  was 
pointed  out  that  the  hexylene  from  mannite  was  probably  a  propylmethylethylene 
of  the  formula  CHg.HCzzCH.CgH^*  .  Since  then  Saytzeff's  investigation  of  the 
olefines  from  normal  butylic  alcohol  and  diethylcarbinol  has  been  published  {Ann. 
Chem.  Fharm.,  clxxix.  296),  and  the  results  he  obtains  entirely  confirm  our 
views  with  regard  to  the  nature  of  the  olefines  from  secondary  butylic  and 
hexylic  iodides.  Probably  also  the  octylene  from  normal  secondary  octylic 
aldehyde  is  not  hexylethylene,  but  amylmethylethylene,  CHg.HCzzCH.C^Hjj*  . — 
Eds. 
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paraffins  differs,  however,  somewhat  from  that  of  the  olefines  from  the  mono- 
haloid  paraffins,  since  according  to  our  present  knowledge,  there  appears  to  he  no 
tendency  in  the  latter  case  for  all  the  possible  products  to  be  formed:  secondary 
butylic  iodide,  CHj.CH^.CHI.CHg,  for  example,  yielding  only  a-dimethylethy- 
lene,  and  not  a  mixture  of  it  with  ethylethylene ;  whereas  two  of  the 
possible  products  are  (probably  always)  obtained  from  the  dihaloid  paraf- 
fins. Thus  jS-dichloropropane  or  propvlenic  chloride,  CHg.CHCl.CH^Cl, 
furnishes  both  /3-chloropropylene,  C  H^-CH  CHCl.  and  7-chloropropylene, 
CHg.CClZZCHg,  on  treatment  with  potassic  hvdrate ;  it  is  interesting  to  note, 
however,  that  the  third  possible  isoraeride,  a-chloropropylene,  CH^IZCH.CHjCl, 
the  formation  of  which  involves  the  greatest  departure  from  the  law 
which  obtains  in  the  case  of  the  olefines,  is  not  produced.  Moreover,  the 
monohaloid  olefine  which  should  be  formed  according  to  the  law  enunciated  for 
the  olefines  generally  appears  to  be  the  chief  product;  although  this  probably 
depends  much  on  the  conditions  of  experiment,  since  y-trichloropropane, 
CHg.CCl^.CH.Cl,  furnishes  a  mixture  of  ^-dichloropropylene,  CH^ZZCCl.CH.^Cl, 
and  5-dichloropropylene,  CHg.CCl  CH^Cl.  when  treated  with  water  or  with 
potassic  hydrate,  the  latter  being  chiefly  produced  when  potassic  hydrate  is 
employed  and  the  former  when  water  is  the  agent  (p.  205). 

The  formation  of  the  acetylenes  from  the  monohaloid  paraffins  takes  place,  in 
many  cases  at  least,  in  accordance  with  the  law  which  governs  the  production  of  the 
olefines,  but  hithrrto  very  little  has  been  done  towards  ascertaining  their  constitu- 
tion. The  production  of  acetylenes  capable  of  forming  metallic  derivatives,  and 
containing  therefore,  we  assume,  the  ^CH  group,  from  the  dichlorinated  paraf- 
fins formed  b}'  displacing  an  atom  of  oxygen  in  the  aldehydes  of  the  formula 
C,jH.2n+i.CH2.COH  by  two  atoms  of  chlorine  (p.  216),  is  entirely  in  accordance 
with  this  assumption,  thus  : 

CaH2n+i-CH,-CHCl,     =     C^H.,„+^CHz:CHCl     +     HCl 

Dihaloid  paraffin.  Monohaloid  olefine. 

C„H2„  +  ..GHziCHCl     =     C„H2„  +  ,.Czz_CH     +     HCl 

Monohaloid  olefine.  Acetylene. 

although  the  formation  from  methylethylketone  and  methylpropylketone  of  hydro- 
carbons having  similar  properties  by  a  parallel  reaction  is  contrary  to  the  law  ia 
question : 

CH3.CC1,.CH,.CH3    -     2HCI     =  .HC~C.CH,.CH3 

Dihaloid  paraffin  from  methyl-  Ethylacetylene. 

ethylketone. 

CH3.CCVCH^.CH,.CH3    -     2HCI     =     HC=C.CH,.CH,.CH3. 

Dihaloid  paraffin  from  methyl-  Propylacetylene. 

propylketone. 

Certain  of  the  monohaloid  olefines  fail  to  furnish  corresponding  acetylenes, 
a-bromopropylene  or  allylic  bromide,  for  example,  being  converted  by  an 
alcoholic  solution  of  potassic  hydi-ate  into  ethylallyl  ether,  CgHg.O.CgHj,  whereas 
its  isomerides  yield  allylene,  Cgll^ ;  the  bromobutylene  (CH3)2Cli:CHBr  as 
already  noticed  behaves  similarly. 

The  olefines  and  acetylenes  combine  with  the  haloid  acids,  &c.,  according  to 
a  law  just  as  definite  as  that  which  governs  their  formation.  The  combination  of 
the  haloid  acids  with  the  olefines  appears  always  to  take  place  in  such  a  manner 
that  the  halogen  attaches  itself  to  the  least  hydropenized  carbon  atom;  thus  the 
butylene  ethylethylene,  H.^CzzCH.CjHg,  forms  with  hydriodic  acid  secondary 
butylic      iodide,     HjC.CHI.C^H^,     and     its     isomeride     /3-dimethylethylene, 
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H2CZZC(CH3)2,  is  converted  into  tertiary  butylic  iodide  Bj^.CliCR^)^,  whilst 
the  amylene  isopropylethylene,  H^CzzCH.CgHy^  ,  furnishes  the  secondary  iodide 
HgC.CHI.CgHy^  .  All  these  examples  are  illustrations  of  the  tendency  to  accu- 
mulate methyl  groups  above  alluded  to.  When  two  equally  bydrogenized 
carbon  atoms  are  present,  as  in  the  amylene  obtained  from  diethylcarbinol, 
H3C.HCZZCH.CH2.CH3,  and  the  hexylene  from  secondary  hexylic  iodide  from 
mannite,  HgC.HCzzCH.C^Hg*  ,  the  halogen  becomes  attached  to  the  carbon 
atom  to  which  the  methyl  group  is  united:  these  two  compounds  furnishing 
respectively  the  iodides  HgC.CHI.CH^.CH^.CH^  (Saytzeff  and  Wagner,  Ann. 
Ckem.  Pharm.,  clxxix.  313)  and  HgC.CHI.CH^.C^Hg*  .  When  no  methyl 
group  is  attached  to  either  of  the  carbon  atoms  which  are  united  by  two 
affinities,  the  halogen  probably  attaches  itself  to  that  with  which  the  least 
complex  or  most  stable  group  is  united.  Very  little  is  known  of  the  hydro- 
carbons of  the  acetylene  series,  but  they  appear  to  behave  similarly. 

When  the  olefines  combine  with  the  haloid  acids,  isomeric  products  are  not 
obtained,*  but  the  result  is  different  when  they  combine  with  hypochlorous  or 
sulphuric  acid.  Thus  from  Henry's  and  Markownikoff's  experiments  {Compt. 
Bend.y  Ixxix.  1203  and  1258;  Deut.  chem.  Ges.  Ber.,  viii.  1468),  it  appears 
that  propylene,  CHg.HCzzCHg,  unites  with  hypochlorous  acid,  forming  either 
raonochlorinated  primary  propylic  alcohol,  CH3»CHC1.CH2(0H),  or  monochlori- 
nated  isoprimary  propylic  alcohol,  CH3.CH(OH).CH2Cl  j  and  that  trimethyl- 
ethylene,  CH3.HCZZC(CH3)2,  may  form  with  sulphuric  acid,  either  the  compound 
CH3.H2C.C(HSOJ(CH3),  or"  CH3.CH(HS04).CH(CH^), :  the  former  being  pro- 
duced under  the  influence  of  a  more  concentrated  acid  than  the  latter  {ihid.  viii. 
1 240).  The  different  behaviour  of  the  haloid  acids,  and  of  hypochlorous  and  sul- 
phuric acids,  is  in  a  measure  explicable  when  it  is  remembered  that  in  the  haloid 
acids  the  powerfully  negative  halogen  is  associated  with  the  positive  hydrogen, 
whereas  we. may  regard  hypochlorous  acid  as  formed  of  the  two  radicles  OH  and 
CI,  both  of  which  are  negative ;  and  in  sulphuric  acid,  the  group  SO^H  is  far 
less  negative  relatively  to  the  remaining  atom'  of  hydrogen,  than  is  the  halogen 
in  the  haloid  acids  to  the  hydrogen  associated  with  it. 

The  combination  of  the  haloid  olefines  with  the  haloid  acids,  however,  often 
results  in  the  formation  of  isomeric  bodies.  Thus  bromethylene,  H^ClzCHBr, 
furnishes  a  mixture  of  the  two  dibromethanes,  CHg.CHBr^  and  CH^Br.CH^Br, 
and  many  similar  instances  might  be  quoted.  The  relative  proportions  of  the 
ibomerides  produced  appears  to  be  entirely  dependent  upon  conditions  of  experi- 
ment, just  as  in  the  case  of  the  simultaneous  formation  of  isomeric  monohaloid 
derivatives  of  the  olefines  from  the  dihaloid  paraffins.  Thus  a-bromopropylene 
or  allylic  bromide,  H^CzzCH.CH^Br,  is  almost  completely  converted  into 
a-dibromopropane,  CHjBr.CH^.CH^Br,  by  heating  with  a  saturated  solution  of 
hydrobromic  acid,  but  if  a  less  concentrated  acid  be  employed,  more  or  less 
/3-dibromopropane,  CHg.CHBr.CH^Br,  is  formed. 

Lastly,  it  is  important  to  compare  the  behaviour  of  the  hydrocarbons  of  the 
various  series  with  chlorine,  bromine,  nitric  acid,  &c.,  with  reference  to  the 
constitution  of  the  substitution  derivatives  which  are  thus  formed.  Unfortu- 
nately, except  in  the  benzene  series,  very  little  systematic  research  has  been 
executed  with  the  view  to  ascertain  the  laws  which  govern  substitution.  We 
owe  to  Schorlemmer  the  important  discovery  that  two  isomeric  monochlorinated 
paraffins  are  simultaneously  generated  by  the  action  of  chlorine  on  the  normal 


I       *  It  is  not  improbable  that  the  higher  olefines  will  be  found  to  furnish 
■isomeric  compounds  with  the  haloid  acids,  and  similarly  the  higher  monohaloid 
■paraffins  to  furnish  isomeric  olefines. 
is  D  D 
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paraffins ;  but  little,  however,  is  known  of  the  isomeric  paraffins,  and  it  is  merely 
probable  that  many  of  them  behave  similarly.  The  two  monochlorinated  normal 
paraffins  are,  it  would  seem,  always  formed  by  the  displacement  of  an  atom  of 
hydrogen  either  in  the  CHg  group  or  in  the  CH^  group  with  which  the  CHj 
group  is  associated.  Our  knowledge  of  the  further  action  of  chlorine  is  extremely 
unsatisfactory.  In  the  case  of  ethane,  the  tendency  is  for  the  atoms  of  hydrogen 
attached  to  the  one  atom  of  carbon  to  be  displaced  before  those  attached  to  the 
other  are  affected,  although  there  is  reason  to  believe  that  a-dichlorethane  ot 
ethylene  chloride,  CH^Cl.CH^Cl,  is  formed  together  with  /3-dichlorethane  or 
ethylidene  chloride,  CHg.CH^Cl,,  by  the  action  of  chlorine  on  chlorethane  (p.  200), 
especially  as  bromethane  is  known  to  furnish  the  two  isomeric  dibromethanea 
when  heated  with  bromine  (Tawildarow,  Ann.  Chem.  Pharm.,  clxxvi.  12). 
The  only  other  reliable  observations  bearing  upon  this  question  in  the  case  of 
the  paraffins,  are  tho^e  of  Friedel  and  Silva,  according  to  whom  both  a-  and 
)3-chloropropane,  CHg.CH^.CH^Cl  and  CH3.CHCI.CH3,  furnish  /3-dichloropropane, 
CH^.CHCl.CH^Cl,  the  latter  also  yielding  8-dichloropropane,  CHg.CCl^.CH, ; 
whilst  /3-dichloropropane  is  converted  into  a  mixture  of  a-trichloropropane, 
CH.Cl.CHO.CH^Cl,  and  ^-trichloropropane,  CH^.CHCl.CHCl^,  by  heating  with 
iodine  chloride.  It  is  difficult,  therefore,  in  the  case  of  the  paraffins,  to  say 
whether  an  atom  of  chlorine  or  bromine  associated  with  a  carbon  atom  tends  to 
attract  a  second  atom  of  chlorine  or  bromine  to,  or  to  repel  it  from,  the  same 
carbon  atom. 

The  nature  of  the  action  of  the  halogens,  kc,  on  benzene  and  its  homolo- 
gues  has  been  already  very  fully  discussed.  It  is  only  necessary  to  recall  the 
fact  that  in  the  case  of  the  halogens,  the  tendency  is  always  to  produce  the  para- 
or  I  :  4  di-derivative  and  a  variable  amount  of  the  ortho-  or  i  :  2  di  -  derivative ; 
by  the  continued  action  of  the  halogen,  the  1:2:4  tri- derivative  appears  to 
be  the  main  if  not  the  sole  product  formed  from  the  para-  meta-  and  ortho- 
di-derivatives.  There  is  also  the  same  tendency  to  produce  a  para-  and  ortho- 
di-derivative  when  nitric  or  sulphuric  acid  acts  on  a  monohaloid  derivative  of 
benzene,  and  to  form  a  i  :  2  :  4  tri-derivative  when  they  act  upon  the  di-haloid 
derivative :  in  fact,  under  all  circumstances  the  1:2:4  tri-derivatives  are 
produced  in  preference.  Finally,  it  is  to  be  noticed  that  the  formation  of  substitu- 
tion derivatives  from  the  hydrocarbons  isologous  with  benzene  by  the  displace- 
ment of  hydrogen  atoms  attached  to  the  carbon  atoms  which  are  united  in  a 
closed  chain,  to  judge  from  the  relatively  small  amount  of  -evidence  at  our  dis- 
posal, appears  to  take  place  in  a  manner  precisely  similar  to  that  observed 
in  the  case  of  benzene ;  para-  and  ortho-  di-derivatives  being  formed  by  the 
action  of  the  halogens,  and  meta-  di-derivatives  being  seldom  produced  ex- 
cept by  the  agency  of  nitric  and  sulphuric  acid.  In  fact,  substitution  gene- 
rally, including  such  cases  as  the  formation  of  the  benzylbenzenes,  benzylto- 
lu£nes,  and  phenanthrene,  appears  to  be  regulated  by  similar  laws. 
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CHAPTER   VL 


THE    ALCOHOLS. 


§  I.  Alcohols  of  the  CJI^^j^-^.OH  or  ethy  lie  series; — §  II.  Alcohols 
of  the  C^H^^_i.OH  or  allylic  series;—^  III.  Alcohols  of  the 
C^H^^_^.OH  and  C^H^^_^.OH  series;—^  IV.  Alcohols  of  the 
CJl2^_^.0H  series  ;—^^  V.  Monohydric  alcohols  derived  from 
the  hydrocarbons  isologous  with  benzene ; — §  VI.  Alcohols  of 
the  C^H2^{0H)^  or  gly colic  series; — §  VII.  Alcohols  of  the 
CJI2^^q[0H)^  series; — §  VIII.  Dihydric  alcohols  of  other 
series  J— ^^  IX.  Alcohols  of  the  C^H^n-ii^OH)^  series ; — §  X. 
Alcohols  of  the  C^H^^_q{OH)^  series; — §  XI.  Alcohols  of  the 
CnH2n.2{OH),  scrlcs  ;—^  XII.  Alcohols  of  the  C,H,^^,{OH)^ 
series;—^  XIII.  Alcohols  of  the  C^fl^^_^{OH)^  series,  the 
glucoses,  sucroses,  and  amyloses ; — §  XIV.  Thioalcohols  of 
various  series. 

(14 17)  General  Character  of  the  Alcohols. — The  term  alcohol 
f|is  of  Arabic  origin^  and  was  originally  applied  specifically  to  the 
ij volatile  inflammable  spirituous  liquid  which  is  the  characteristic 
'product  of  the  fermentation  of  sugar;  since  then,  however,  it 
jhas  been  made  generic,  and  extended  to  a  class  of  bodies  which, 
for  the  most  part,  possess  qualities  more  or  less  analogous  to 
those  of  spirit  of  wine  or  ethylic  alcohol. 

The  term  alcohol  has  recently  received  a  still  further  extension 
of  meaning,  and  is  now  generally  applied  to  all  those  compounds 
of  carbon,  oxygen,  and  hydrogen,  which  may  be  regarded  as 
derived  from  a  hydrocarbon  by  the  displacement  of  one  or  more 
hydrogen  atoms,  by  an  equal  number  of  the  monad  group  OH  : 
thus  including  such  substances  as  glycerin,  mannite,  phenol, 
benzhydrol,  arcin,  and  pyrogallol;  and  it  is  in  this  extended 
signification  that  the  term  alcohol  will  be  employed  in  this 
i^olume. 

It  is  evident  that  not  only  will  each  series  of  isologous 
lydrocarbons  be  capable  of  giving  rise  to  a  corresponding  series 
)f  alcohols,  but  that  the  same  hydrocarbon  may  give  rise  to 
dcohols  of  a  different  class,  according  as  one,  two,  three,  or  more 
lydrogen   atoms   are   displaced  by  one,  two,  three,  or  more  OH 
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groups.  For  instance,  not  only  do  the  isologous  hydrocarbons 
hexanCj  CgH^^,  and  benzene,  CgH^,  give  rise  to  the  alcohols 
CgHjg.OH  (hexylic  alcohol)  and  CgH..OH  (phenol),  but  the  same 
hydrocarbon  benzene  yields  phenol, CgH^. OH,  resorcin,  CgH^(0H)2, 
and  pyrogallol,  CgH3(OH)3,  all  of  which  come  under  the  defini- 
tion of  alcohols.  In  order  to  distinguish  the  alcohols  containing 
one  OH  group  from  those  which  contain  two,  the  former  are 
called  monohydric  alcohols,  and  the  latter  dihydric ;  the  terms 
trihydric,  tetrahydric,  &c.,  being  similarly  employed  to  designate 
those  which  contain  three,  four,  or  more  OH  groups.^ 

It  is  important  to  notice  that  the  number  of  polyhydric 
alcohols  which  may  be  obtained  from  any  hydrocarbon  is  ap- 
parently limited  by  the  number  of  carbon  atoms  it  contains,  for 
it  has  been  found  that  each  carbon  atom  never  unites  with  more 
than  one  OH  group  to  form  a  stable  combination  ;t  thus,  although 
methane,  CH^,  can  yield  a  monohydric  alcohol,  CH3.OH,  no  cor- 
responding dihydric  alcohol,  CH2(OH)2,  has  been  isolated ;  from 
ethane,  CgHg,  a  monohydric  alcohol,  CgHg.OH,  can  be  obtained, 
and  also  a  dihydric  alcohol,  C^IJ^QW)^^  but  no  trihydric  or 
tetrahydric 

§  I.  Monohydric  Alcohols  of  the  CnHgn+i-OH  or  Ethylic 

Series. 

(141 8)  This  series  contains  by  far  the  largest  number  of  those 
alcohols  which  are  best  known  and  which  have  been  most  com- 
pletely investigated.  Their  modes  of  formation,  reactions,  and 
chemical  relations  may  best  be  illustrated  by  considering  them 
as  derived  from  the  corresponding  paraffins  by  the  displacement 
of  one  atom  of  hydrogen  by  one  OH  group,  although  they  may 
also  be  regarded  as  compounds  of  hydroxyl,  OH,  with  positive 
monad  organic  radicles  of  the  methyl  series,  or  as  water  in  which 
one   atom   of  hydrogen  has  been  displaced  by  the  radicle.     For 


*  The  terms  monatomic,  diatomic^  &c.,  have  been  used  for  the  purpose  of 
classification  of  the  alcohols  in  the  same  sense  as  monohydric,  dihydric,  &c,,  but  a 
reference  to  the  meaning  attached  to  the  word  atomic  (note  p.  44)  will  at  once 
show  the  inconsistency  of  such  a  nomenclature. 

t  The  ^possibility  of  the  existence  of  compounds  in  which  more  than  one 
OH  group  is  directly  associated  with  the  same  carbon  atom  is  even  disputed  by 
some  chemists.  Many,  however,  contend  that  they  are  capable  of  existing  in 
the  presence  of  an  excess  of  water ;  and  that  it  is  impossible  to  isolate  them 
merely  on  account  of  their  instability  and  the  tendency  which  they  exhibit  to 
split  up  with  elimination  of  the  elements  of  a  molecule  of  water.  This  subject 
will  be  more  fully  treated  when  the  dihydric  alcohols  are  discussed. 


1419-1  CiiAssiFicATio!?.  405 

instance,  we  may  suppose  ethylic  alcohol,  CH3.CH2(OH)  oi* 
C2H5.OH,  either  to  be  derived  from  ethane,  CH3.CH3,  by  the 
displacement  of  H  by  OH,  or  to  be  formed  by  the  union  of  the 
radicle  ethyl,  CHg.CH^  or  C3H5,  with  hydroxyl,  OH,  or  we  may 
represent  it  as  water,  OH^,  in  which  H  has  been  displaced  by 
CgH..  Obviously,  however,  these  are  mere  distinctions  in  words, 
and  indicate  no  real  differences. 
'      Of  these  alcohols  the  following  terms  are  known: 

Methylic  alcohol CH3.OH 

Ethyfic  „ C2H5.OH 

Propylic        „         C3H7.OH 

Butylic  or  tetrylie  alcohol    .      .      .  C^Hg.OH 

Pentylic  or  amylic        „         ...  C^H^j.OH 

Hexylic  alcohol C^H.g.OH 

Heptylic      „  C7H15.OH  1 

Octylic        „  CgHi7.0H 

Nonylic       „  C,Hi,.OH 

Cetylic         „  CigHgg.OH 

Cerotic  or  cerylic Cg^Hgg.OH 

Melissic       „  CgoHg^.OH 

(1419)  Classification. — The  ethylic  series  of  monhydric  alcohols 
comprises  a  large  number  of  isomerides,  which  may  be  con- 
veniently arranged  in  three  great  groups  of  primary ,  secondary, 
and  tertiary  alcohols ;  these  being  again  divisible  into  sub-groups. 
The  members  of  each  of  these  three  groups  are  especially 
characterized  and  distinguished  the  one  from  the  other  by  their 
behaviour  on  oxidation.  Moreover,  the  boiling  points  of  any  one 
of  the  primary  alcohols  is  always  higher  than  that  of  the  corre- 
sponding secondary  alcohol,  and  the  latter,  again,  higher  than  that 
of  the  corresponding  tertiary  alcohol. 

Kolbe  was  the  first  to  apply  a  systematic  classification  to  the 
alcohols,  giving  them  the  generic  name  of  car  binds.  In  his  system, 
the  first  term  of  the  series,  methylic  alcohol,  CH3.OH,  is  called 
carbinol,  and  all  the  homologous  alcohols  are  regarded  as  derived 
from  it  by  the  displacement  of  one  or  more  of  the  three  hydrogen 
atoms  of  the  CH3  group  by  monad  radicles  of  the  form  C^Hgn+i ; 
thus  ethylic  alcohol  is  methyl  carbinol,  CH^(CH3).0H,  being 
derived  from  carbinol,  CH3.OH,  by  the  displacement  of  one  of 
the  hydrogen  atoms  by  CH^;  normal  propylic  alcohol  again  is 
ethyl  carbinol,  CH2(C2H5).OH,  whilst  the  isomeric  isopropylic 
alcohol  is  dimethyl  carbinol,  CH(CHg)2.0H.  Those  alcohols 
which,   from  their   manner   of  formation   or  the  reactions  they 
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exhibit,  may  be  regarded  as  derivatives  of  carbinol  in  which  only 
a  single  hydrogen  atom  in  the  CHg  gronp  is  displaced  by  a 
^nHgu+i  radicle  are  termed  primary  alcohols  ;  whilst,  if  two  atoms 
of  hydrogen  are  displaced  by  radicles  of  the  general  form 
^0^20+ 1^  the  alcohol  is  a  secondary  alcohol;  and  in  a  similar 
manner  those  in  which  all  three  are  displaced  are  called  tertiary 
alcohols.  The  three  groups  of  primary,  secondary,  and  tertiary 
alcohols  may  therefore  be  represented  by  the  following  general 
formulae,  CH3.OH  being  that  of  methylic  alcohol  or  carbinol 
itself : 


Primary  carbinol.  Secondary  carbinol.  Tertiary  carbinol. 


It  should  be  observed,  however,  that  in  a  secondary  alcohol  it  is 
not  necessary  that  both  the  monad  radicles  represented  by  the 
general  formula  C^Hgn^^  should  be  the  same ;  for  instance,  one 
of  the  groups  may  be  methyl,  and  the  other  ethyl,  giving  rise  to 
the  secondary  alcohol,  methylethyl  carbinol,  CH(CH3)(C2H5).OH. 
This  remark  applies  with  equal  force  to  the  tertiary  alcohols, 
although  as  yet  no  alcohols  have  been  prepared  containing  more 
than  two  different  radicles. 

(1420)  Isomerism  of  the  Alcohols  of  the  Ethylic  Se?*ies. — As 
there  is  every  reason  for  believing  that  the  three  hydrogen  atoms 
of  the  methyl  group  in  carbinol  are  of  equal  value,  only  one 
ethylic  alcohol  can  exist ;  this  is  derived  from  carbinol  by  the  dis- 
placement of  one  atom  of  hydrogen  by  methyl : 

CH3.OH  CH3.CH2.OH. 

Carbinol.  M«thyl  carbinol. 

Of  the  next  term  of  the  series,  however,  propylic  alcohol,  two 
isomerides  are  possible ;  one  formed  by  the  displacement  of  one 
atom  of  hydrogen  in  carbinol  by  ethyl,  the  other  by  the  dis- 
placement of  two  hydrogen  atoms  by  two  methyl  groups : 

CgHg.CHg.OH  (CH3)2CH.OH. 

Ethyl  carbinol.  Dimethyl  carbinol. 

As  the  series  of  alcohols  is  ascended,  the  number  of  possible 
i«omeric  modifications  increases  very  rapidly;  thus  the  alcohol 
C^Hg.OH  (butylic  alcohol)  admits  of  four  different  modifica- 
tions, all  of  which  have  been  obtained ;  they  may  be  considered 
as  derived  from  carbinol  in  the  manner  indicated  by  the  fol- 
lowing formulae : 


I 
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Propyl 
carbinol. 

Isopropyl  carbinol. 

Ethyl  methyl 
carbinol. 

Trimethyl 
carbinol. 

Two  of  these^  it  will  be  seen,  are  primary  alcohols;  one  is  a 
secondary,  and  one  a  tertiary  alcohol.  If  we  suppose  the  group  OH 
removed  from  each  of  these  formulae,  four  isomeric  monad  hydro- 
carbon groups  (butyls)  remain — namely,  CHg.CHg.CHg.CHg, 
CHo.CH(CH3)2,CH(CH3)(C2H5),  and  C(CH3)3— and  by  introducing 
these  into  carbinol  in  place  of  one  atom  of  hydrogen,  four 
isomeric  primary  butylcarbinols,  or  amylic  alcohols,  will  be  ob- 
tained; in  addition  to  which  three  isomeric  secondary,  and  one 
tertiary,  amylic  alcohol  are  possible  : 


CHo^C/Hn.CMn.CHg 

rcHg 

.C(CH3),      /CH(CH3)(C, 

H,)     (C(CH3)3 

H 
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r.    H 
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butyl  carbinol.                       butyl  carbinol. 

butyl  carbinol. 
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Primary-propyl 

Isoprimary-propyl                        I 

Hethyl 

methyl  carbinoL 

n 

lethyl  carbinol.                         C£ 
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(C,H, 
CHj 
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Ethyl  dimethyl  carbinol. 

Of  these  amylic  alcohols  seven  have  been  already  obtained. 
These  examples  will  suffice  to  illustrate  the  manner  in  which  the 
various  isomeric  alcohols  are  derived  from,  and  allied  to  carbinol. 


Methods  of  formation  of  the  Alcohols  qf  the 
C^Han+pOH  OR  Ethylic  Series. 

(1421)  Primary  Alcohols:  C^H^^+j.CHg.OH.  —  Three 
methods  of  preparing  these  alcohols  are  at  present  known 
which  are  of  general  application. 

I.  From  Paraffins, — It  has  already  been  noticed  that  when  the 
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normal  paraffins  are  acted  on  by  chlorine,  they  furnish  a  mixture 
of  two  isomeric  monochlorinated  derivatives.  One  of  these,  that 
which  possesses  the  higher  boiling  point,  has  the  composition 
represented  by  the  general  formula,  CnH2n^.^.CH2Cl ;  and  by 
heating  with  argentic  acetate,  or  a  mixture  of  potassic  acetate  and 
glacial  acetic  acid,  may  be  converted  into  the  corresponding 
acetate  : 

C„H,„^i.CH,Cl  +   KC,H30,  =  C„H,„^,.CH,(C,H30,)   +   KCl. 

CHj.CHj.CHjCl  +  KCjHjOj  =  CHj.CH^.CHjCCjHsO^)  +  KCl. 

a-Chloropropane.  Propylic  acetate. 

By  the  action  of  potassic  hydrate  solution  on  this  acetate, 
potassic  acetate  and  the  normal  primary  alcohol  are  produced  : 

C,H,„^,.CH,(C,H30,)  +  KHO  =  CJl^^,.Cn,.On  +  KC.Hp,. 
C^H^-CH/.C^HjO;,)    +   KHO   =  CjH^.CHj.OH  +  KC^HjOj. 

Propylic  acetate.  Propylic  alcohol. 

On  account  of  the  great  difficulty  of  separating  the  isomeric 
chloroparaffins,  this  method  is  not  available  for  the  preparation  of 
the  pure  normal  primary  alcohols. 

The  isoparaffins  also  furnish  two  monochloroparaffins  on 
treatment  with  chlorine,  and  that  of  higher  boiling  point  may  be 
converted  in  the  manner  above  described  into  the  corresponding 
isoprimary  alcohol.  The  behaviour  of  other  paraffins  with  chlo- 
rine has  not  been  studied,  but  isoprimary  alcohols  will  doubtless 
also  be  procured  from  many  of  them. 

2.  From  Primary  Aldehydes. — It  was  discovered  by  Wurtz  that 
the  aldehydes  may  be  converted  into  the  corresponding  primary 
alcohols  by  means  of  nascent  hydrogen  : 

C,H2„^i.COH   +   H,  =   C,H,„^i.CH,.OH. 
CH3.COH   +   H2  =  CH3.CH2.OH. 

Acetic  aldehyde.  Ethylic  alcohol. 

The  method  usually  adopted  is  to  add  sodium  amalgam  to  a 
mixture  of  the  aldehyde  and  water,  taking  care  to  keep  the 
solution  acid  by  the  addition  of  dilute  sulphuric  acid  from  time 
to  time.  Schorlemmer  recommends  that  the  aldehyde  should  be 
dissolved  in  acetic  acid  when  it  is  not  readily  soluble  in  water 
{Ann.  Chem.  Pharm.^  clxxvii.  303). 

In  this  way  the  normal  primary  aldehydes  are  converted  into 
normal  primary  alcohols^  and  the  isomeric  aldehydes  furnish 
isomeric  primary  alcohols.  But  the  method  is  of  great  impor- 
tance  not   only  on  this  account,  but  also  because  it  ajQFords  a 
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means  of  obtaining  any  given  alcohol  from  the  one  next  below  it 
in  the  series.  For  example,  methylic  alcohol,  CH3.OH,  is  con- 
verted by  the  action  of  hydriodic  acid  into  methylic  iodide  or 
iodomethane,  CHgl,  and  by  heating  this  with  potassic  cyanide 
cyanomethan^,  CH3.CN,  is  produced.  By  digesting  cyanome- 
thane  with  a  solution  of  sodic  hydrate,  sodic  acetate  is  produced  : 

CH3.CN   +   OH2   +  NaOH   =   CHg.COONa   +   NH3; 

Cyanomethane.  Sodic  acetate. 

and  when  a  dry  mixture  of  sodic  acetate  and  sodic  formate  is 
distilled,  it  yields  acetic  aldehyde : 

CHg.COONa    +     HCOONa    =    CH3.COH    +    Na2C03. 

Sodic  acetate.  Sodic  formate.  Acetic  aldehyde. 

Finally,  ethylic  alcohol  is  prepared  from  the  aldehyde  by  Wurtz's 
method.  In  a  similar  manner,  ethylic  alcohol  may  be  converted 
into  primary  propylic  alcohol,  and  primary  propylic  alcohol  into 
normal  primary  butylic  alcohol,  and  thus  the  series  of  primary 
alcohols  may  be  ascended. 

2.  From  Acid  Anhydrides. — The  acid  anhydrides  are  also  con- 
verted into  primary  alcohols  by  the  action  of  nascent  hydrogen 
produced  by  carefully  adding  sodium  amalgam  to  a  mixture  of 
the  anhydride  with  the  acid  from  which  it  ig  derived 
Ann.  Chem.  Pharm.,  clxi.  178)  : 

c'h'SI^  +  4H,  =  aC3H,.CH,.0H  +  OH, 

37  ' 

Butyric  anhydride.  Butylic  alcohol. 

A  better  yield  of  alcohol  is  usually  obtained  by  a  modification 
of  this  method,  by  the  action  of  sodium  amalgam  on  a  mixture 
of  the  acid  with  its  chloride  (Linnemann  :  Saytzeff) : 

C,H,„^i.COCl   +  3H,  =   C„H2,^i.CH,.0H  +  HCl. 
CjNj.COCl   +   2Hj  =   CjHj.CHj.OH   +   HCl. 

Butyric  chloride.  Butylic  alcohol. 

En  both  instances  the  acid  serves  to  generate  hydrogen  with  the 
imalgam,  and  probably  both  the  anhydride  and  chloride  are 
reduced  to  aldehyde  previous  to  their  conversion  into  alcohol. 
By  the  employment  of  anhydrides  and  chlorides  derived  from 
I orraal primary  acids,  normal  primary  alcohols  are  obtained,  whilst 
liose  derived  from  isomeric  acids  furnish  isoprimary  alcohols. 
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Primary  propylic  alcohol  is  formed  in  small  quantity  during 
fermentation^  and  several  of  the  normal  primary  alcohols  occur 
as  ethereal  salts  in  certain  vegetable  products ;  for  instance,  the 
oil  of  wintergreen  from  the  Gaultheria  procumbens  consists  chiefly 
of  methylic  salicylate,  whilst  the  oils  from  Heracleum  giganteum^ 
H.  spondylium,  and  Partinacea  sativa  contain  ethylic  butyrate, 
hexylic  butyrate,  and  octylic  acetate  (Gutzeit,  Ann,  Chem.  Pharm., 
clxx.  344).  Chinese  wax  consists  chiefly  of  eery  lie  cerotate, 
cerylic  alcohol  being  the  highest  term  but  one  of  the  series.  The 
isoprimary  butylic,  amylic,  and  (probably)  hexylic  alcohols  are  a 
constituents  of  the  so-called  fusel  oil,  which  is  the  residue  of  | 
high  boiling  point  obtained  on  distilling  the  crude  alcohol  manu- 
factured by  fermentation. 

Secondary  Alcohols:    p,°  u^"^^  [CH.OH. — These  alcohoU, 

we  have  seen,  may  be  regarded  as  carbinol,  CH3.OH,  in  which 
two  atoms  of  hydrogen  are  displaced  by  two  similar  or  dificrent 
monad  hydrocarbon  radicles  of  the  general  formula  CjjHgn+i.  If 
these  groups  are  normal  radicles,  that  is  to  say,  if  their  carbon 
atoms  are  arranged  in  a  single  chain  as  in  the  normal  paraffins, 
the  alcohols  are  termed  normal  secondary  alcohols;  and  when 
this  is  not  the  case  they  are  termed  isosecondary  alcohols. 
Several  general  methods  of  preparation  are  known. 

1 .  From  Paraffins. — The  chloroparaffins  of  lower  boiling  point 
produced  by  the  action  of  chlorine  on  the  normal  and  isoparaffins 
may  be  converted  into  normal  and  isosecondary  alcohols  respec- 
tively, by  the  same  series  of  reactions  as  are  employed  in  preparing 
primary  alcohols  from  the  paraffins  ;  thus  : 

CH.CHCl.CHs   +   KC2H3O2  =   CH3.CH(C2H302).CH3  +  KCl.  < 

/3-Chloropropane.  Isopropylic  acetate. 

CH3.CH(C2H302).CH3  +  KHO  =  CH3.CH(OH).CH3  +  KC2Hs02. 

Isopropylic  acetate.  Secondary  propylic  alcohol. 

The  chloroparaffins  which  furnish  secondary,  are  far  less  stable 
than  those  which  yield  primary  alcohols,  and  a  considerable 
amount  of  the  corresponding  olefine  is  usually  generated  together 
with  the  acetate,  by  the  secondary  reaction  illustrated  in  the 
following  equation : 

CHj.CHClCH^.C^H,  +  KC,H,0,  =  CH^.CHziCH.C.H,  +  KCl  +  HC,H,0,. 

/3-Chloropentane.  a-Ethylmethylethylene. 

2.  From  Ketones. — The  ketones  of  the  general  formula 
CuHgn+i-CO.C^jHgQj^i  are    converted  by  the  action  of   nascent 
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hydrogen  into  secondary  alcohols,  the  reaction  being  precisely 
similar  to  that  by  which  aldehydes  are  converted  into  primary 
alcohols  : 

CA^^i.CO.CJi,^^,  +  H,  =  C,H,„^i.CH(OH).C^H,„^i. 
CH3.CO.C3H5   +  H3  =  CH3.CH(OH).CjH5. 

Methylethylketone.  MethylethylcarbinoL 

The  ketones  which  contain  normal  radicles  alone  furnish  normal 
alcohols,  those  which  contain  isoradicles  yielding  isosecondary 
alcohols. 

3.  From  Ethylic  Formate  and  the  Zinc  Organo-metallic  Com- 
pounds.— Secondary  alcohols  are  also  obtained  by  the  action  of  the 
zinc  organo-metallic  compounds  on  ethylic  formate,  and  subsequent 
treatment  of  the  product  with  water.  The  reaction  probably 
occurs  in  several  phases  as  represented  by  the  following  equations 
(Wagner  and  SaytzeflF,  Ann,  Chem  Pharm.j  clxxv.  361)  : 

HCO.OC^H,    +    Zn(C,Hj,   =   HC(C,H  J(Zn.OC,H  J.OC.H, ; 

Ethylic  formate.  Zincic  ethide. 

HC(C,H.)(Zn.OC,H,).OC,H,  +  Zn(C,H,),  =  HC(C,H,),(Zn.OC,H,)  4-  Zn  |^^^^^ 
HC(C,H,),(Zn.OC,H,)    +    2OH3   =   HC(C,H,),.OH   +    Zn(OH),   +    C,H,. 

Diethylcarbinol. 

4.  From  Chlorinated  Ether, — A  fourth  method  of  preparing 
secondary  alcohols,  which  appears  to  be  of  general  application, 
consists  in  acting  with  the  zinc  organo-metallic  compounds  on 
the  dichlorethylic  ether  produced  by  the  action  of  hydrochloric 
acid  on  aldehyde  ;  the  ether  which  is  thus  obtained  is  converted 
into  the  iodoparaflSin  by  heating  with  hydriodic  acid  solution, 
and  from  this  the  alcohol  may  be  prepared  (See  p.  413,  Kessel, 
Ann.  Chem.  Pharm.j  clxxv.  44)  : 


Dichlorethylic  oxide.  Secondary  butylic  oxide. 

CHJchJcS)}^    +    2HI    =    2CH3.CHI.C,H.  +   OH,. 

Secondary  butylic  oxide.  Secondary  butylic  iodide. 

It  would  probably  be  possible  to  convert  the  ether  directly 
into  the  alcohol  by  heating  it  with  dilute  sulphuric  acid. 

^•nH2ii+l    I 

Tertiary  Alcohols  :  C^H^n+i  [  C. OH. —Although  it  cannot 

^m^2m  +  lj 

be   doubted   that   tertiary  alcohols   may  exist   containing   three 
dissimilar  radicles  in  place  of  the  three  atoms  of  hydrogen  in  the 
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^^3  §^roup  in  carbinol,  all  the  alcohols  at  present  known  contain 
three  similar,  or  two  similar  and  one  dissimilar,  radicles.  The 
only  general  method  of  preparing  them  is  to  act  upon  the  chloride* 
of  the  acids  of  the  acetic  series  with  the  zinc  organo-metallic 
compounds,  and  subsequently  to  decompose  the  product  with 
water.  The  manner  in  which  the  reaction  takes  place  is  not  yet 
placed  beyond  doubt,  but  it  exhibits  several  phases.  According 
to  Wagner  and  Saytzeff  (/oc.  cit.)  the  following  equations  represent 
the  changes  which  finally  result  in  the  formation  of  trimethyl- 
carbinol,  for  instance,  from  acetic  chloride  and  zincic  methide  ; 

CH3.COCI    +    Zn(CH3)^   =    CH,.CCl(CH3)(Zn.0CHJ. 

Acetic  chloride.      Zincic  methide. 

The  reaction  represented  by  this  equation  is  extremely  violent,  and  if  water  is 
added  when  the  acid  chloride  and  zinc  compounds  are  mixed  in  the  proportions 
indicated,  a  ketone  is  obtained.  The  decomposition  may  be  supposed  to  isks 
place  in  the  manner  expressed  bj  the  equation  : 

CH,.CCl(CH3)(Zn.0CH3)  +  2OH,  =  CH3.CC1(CH3)(0H)  +  Zn(OHX  +  CH^; 

the  compound  CHg.CCKCHg)  (OH)  splitting  up  into  the  ketone  CH3.C0.CH^  and 
hydrochloric  acid.  If,  however,  a  second  molecule  of  the  zinc  compound  be 
added,  a  further  reaction  slowly  takes  place,  consisting  probably  in  the  displace- 
ment of  the  chlorine  by  methyl : 

CH3.CCl(CH3)(Zn.0CH3)  +  Zn(CH3)^  =  CH3.C(CH3)^(Zn.OCH3)  +  ZnClCH,. 

The  compound  ZnClCHg  appears  from  Butlerow's  experiment,  by  whom  this  me- 
thod was  discovered,  in  some  way  to  enter  into  combination  with  the  main  pro- 
duct of  the  reaction.  Finally,  the  formation  af  trimethylcarbinol  by  the  action 
of  water  on  this  product  is  represented  by  the  following  equation  : 

CH3.C(CH3)/ZnOCH3)    +    2OH2    =    C(CH3)3.0H   +    Zn(OH),   +   CH,. 

On  the  other  hand,  it  may  be  supposed  that  the  first  action  of  the  zinc  com- 
pound is  to  convert  the  acid  chloride  into  the  ketone  : 

CH3.COCI    +    Zn(CH3)2    =    CH3.CO.CH3    +    ZnClCH,; 

and  that  then  by  the  action  of  a  second  molecule  of  the  zinc  compound  the 
ketone  is  slowly  converted  into  the  body  which  furnishes  the  alcohol  on  treat- 
ment with  water  : 

CH3.CO.CH3   +    Zn(CH3),   -   C(CH3)3(Zn.OCH3). 

This  latter  view  is  supported  by  the  circumstance  that  the  zinc  organo-metallic 
compounds,  7A\{QJ1.2a+i)i^  I'^act  with  great  readiness  upon  haloid  derivatives 
generally,  the  halogen  being  displaced  by  the  hydrocarbon  radicle,  and  that 
therefore  it  is  probable  that  by  their  action  upon  the  acid  chlorides,  the  chlorine 
would  be  directly  displaced ;  moreover  it  appears  likely  from  the  general  beha- 
viour of  these  zinc  compounds,  that  in  a  reaction  of  this  kind  much  heat  would 
be  developed,  which  is  the  case,  whereas  it  is  not  probable  that  an  action  of  the 
kind  supposed  to  take  place  by  Wagner  and  Saytzeff  would  be  attended  by  the 
developement  of  a  very  large  amount  of  heat. 

Several    other   methods   of  preparing    alcohols    are   known 


I42T-]  FORMATION    OF   ALCOHOLS    FROM    OLEFINES.  413 

which  are  of  considerable  importance,  but  they  are  not  so  gene- 
rally applicable  ;  and  the  alcohols  which  they  furnish  are  sometimes 
primary,  sometimes  secondary,  and  sometimes  tertiary. 

I.  Thus   alcohols  may   be    obtained   from    the   iodoparaffins 
formed  by  combining  the  olefines  with  hydriodic  acid. 

The  combination  appears  always  to  take  place  in  such  a  manner  that  the 
iodine  attaches  itself  to  the  least  hydrogenized  carbon  atom  in  the  olefine,  so  that 
it  is  possible  to  predict  the  nature  of  the  alcohol  which  will  be  obtained  from  a 
given  olefine ;  and  on  the  other  hand,  to  infer  the  nature  of  the  olefine  from  that 
of  the  alcohol  which  is  obtained  from  it  in  this  way.  The  following  general 
equations  represent  the  behaviour  of  the  three  classes  of  olefines  : 

H,CZZCH.C,H2,^1   4-    HI    =    H3C.CHI.C,H2,^i. 

C„H2n+i.HClzCH.C,H2,^,    +    HI   =   C^H^^^^.H^CCHLC^H^^^i.* 
The  following  represent  special  cases : 


H^CZZCH.C^H, 

+ 

HI 

=    H3C.CHI.qH,. 

Normal  butyleue. 

Secondary  butylie  iodide. 

H,C=C(CH3), 

+ 

HI 

=    H3C.CI(CH3),. 

Isobutylene. 

Tertiary  butylie  iodide. 

:3C.HC=:CH.c,H^ 

+ 

HI 

-    H3C.HCI.CH,.C,H^ 

Amylene. 

Secondary  amylic  iodide. 

In  order  to  convert  the  iodoparafiins  thus  produced  into  alcohols,  the  method 
of  digesting  them  with  plumbic  hydrate  and  water,  recently  suggested  by 
Flavitzky  {Ann.  Chem.  Pharm.,  clxxv.  380),  may  probably  be  employed  with 

+   Pb(OHX   =    2C„H,,^i.0H   +   Pbl,. 

The  iodoparaffins  corresponding  to  the  primary  alcohols  are  but  little  affected  on 
heating  with  water  in  closed  vessels  even  at  a  comparatively  high  temperature ; 
they  are  the  more  acted  upon,  however,  the  higher  their  molecular  weight. 
The  iodoparaffins  corresponding  to  secondary  alcohols  are  much  more  readily 
acted  upon,  and  those  corresponding  to  the  tertiary  alcohols  are  still  more  easily  at- 
tacked. But  the  conversion  into  alcohol  and  haloid  acid  according  to  the 
equation  : 

CH^n^J    +   OH,  =    C.H^n+i.OH    +    HI, 

is  never  complete  owing  to  the  occurrence  of  the  inverse  action,  although  it  be- 
comes the  more  so  the  greater  the  quantity  of  water  employed  and  the  higher 
the  temperature  to  which  the  mixture  is  heated.  When  the  hydriodic  acid  is  re- 
n)oved  from  the  sphere  of  action,  as  is  the  case  when  plumbic  hydrate  is  used,  the 
conversion  into  alcohol  is  almost  complete  and  also  takes  place  more  readily.  It 
is  merely  necessary  to  heat  the  iodoparaffin  on  the  water  bath  with  water  and  an 


*  If  the  two  radicles  in  the  olefines  of  the  form  C^ 
are  dissimilar  and  one  of  them  is  methyl,  it  appears  from  Wagner  and  Saytzeff's 
experiments  {Ann.  Chem.  Pharm ,  clxxix,  303)  that  the  iodine  always  attaches 
itself  to  the  carbon  atom  to  which  the  methyl  group  is  attached. 
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excess  of  plumbic  hydrate  in  a  flask  attached  to  a  reversed  condenser;  the  product  k 
afterwards  distilled  off,  and  digested  with  a  small  quantity  of  argentic  oxide  in  order 
to  remove  the  last  traces  of  iodine.  In  cases  where  this  method  is  inapplicable, 
the  iodoparaffin  is  converted  into  an  ethereal  salt  by  double  decomposition  with 
argentic  or  potassic  acetate,  and  the  acetate  is  then  saponified. 

2.  The  olefines  are  also  converted  into  alcohols  by  combining 
them  with  hypochlorous  acid,  and  submitting  the  resulting 
chlorinated  alcohols  in  aqueous  solution  to  the  action  of  sodiunx 
amalgam  : 

CJl,,  +   C1.0H  =  C^H^^CLOH. 

C,H,„C1.0H   +   H,  =  CJi,,^,.OH   +   HCl. 
{CU^)^C—CH^  +   C1.0H   =   {CH3)2C1C.CH2.0H. 

Isobutylene.  .  Chlorisobutylic  alcohol. 

(CH3)2C1C.CH2.0H  4   H2  =   (CHglgHC.CHg.OH   +   HCl. 

Chlorisobutylic  alcohol.  Isobutylic  alcohol. 

3.  Alcohols  are  also  produced  from  the  olefines  by  combining 
them  with  sulphuric  acid,  and  distilling  the  resulting  acid 
ethereal  sulphates  with  water  : 

C.H^n+i.HSO;  +  OH,   =   C.H^^^i.OH   +   H,SO,. 
(CH3)3Cz:CH2  +    H^SO,  =    (CH3),C(HSOJ.CH3; 

Isobutylene.  Tertiary-butylic  hydric  sulphate. 

(CH3)2C(HSO,).CH3  +  OH2  =   (CH3)2C(OH).CH3  -f  H^SO^. 

Tertiary-butylic  hydric  sulphate.  Tertiary-butylic  alcohol. 

I 

The  law  which  governs  the  union  of  the  olefines  with  hypo- 
chlorous  and  sulphuric  acids  has  already  been  discussed  (p.  401). 

4.  Butlerow  has  recently  shown  that  in  contact  with  dilute 
nitric  acid  and  a  little  alcohol,  the  olefines  (like  many  of  the 
CjQHjg  hydrocarbons)  slowly  unite  with  water  to  form  an  alcohol 
{Ann.  Chem.  Pharm.,  clxxx.  245)  :^ 

C„H2„  +  OH,  =  c-ji,,^,.oa. 
H,C=C(CH3),   +  OH,  =  C(CH3)3.0H. 

Isobutylene.  ^   Trimethylcarbinol. 

On  neutralizing  the  solution  and  distilling,  the  alcohol  passes  over. 


*  According  to  Le  Bel  (Cornet.  Rend.,  Ixxxi.  967),  the  olefines  are  gradually 
changed  in  contact  with  water  alone,  and  heptene  and  its  higher  homologues 
even  yield  crystalline  hydrates.  This  observation  is  of  interest  as  it  serves  to 
explain  the  absence  of  olefines  from  natural  petroleum. 
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5.  When  the  nitrites  of  the  primary  monamines  such  as 
ethylamine  and  its  homologues  are  gently  heated  in  aqueous 
solution^  they  are  decomposed  with  evolution  of  nitrogen  and 
formation  of  the  corresponding  alcohols : 

C„H3„^i.NH3(NO,)   =   C:h,„^i.OH  +  N,  +   OH,. 

C,H,.NH3(N0,)  =  C.H^.OH  +   N,  +  OH,. 

Ethylammonic  nitrite,  Ethylic  alcohol. 

This  method  is  difficult   of  (execution,  however,   and   very  often 
does  not  yield  favourable  results. 

(1422)  Diagnosis  of  Primary,  Secondary,  and  Tertiary  Alco- 
hols.— The  three  classes  of  alcohols  are  distinguished  by  their 
behaviour  on  oxidation,  but  in  order  to  ascertain  the  nature  of  a 
given  alcohol  by  a  study  of  its  oxidation  products  it  is  necessary, 
as  a  rule,  to  submit  the  latter  to  examination  by  quantitative 
analysis.  Meyer  and  Locher  have  shown,  however,  that  the 
three  classes  of  alcohols  may  be  much  more  readily  distinguished 
by  the  aid  of  the  corresponding  nitroparaffins,  even  when  only 
very  small  quantities  of  material  are  at  the  disposal  of  the 
operator.  The  alcohol  is  first  converted  into  the  iodoparaffin  by 
treatment  with  hydriodic  acid,  and  the  dry  iodoparaffin  is  then 
added  to  about  an  equal  weight  of  dry  argentic  nitrite,  which  has 
been  intimately  mixed  with  its  own  volume  of  fine  white  sand  :  the 
nitrite  is  contained  in  a  small  distillation  flask  provided  with  a  side 
tube  four  or  five  inches  long,  and  when  the  action  is  over,  the  pro- 
duct is  distilled  off  by  heating  with  a  bare  flame,  and  is  received  in 
a  small  test  tube.  The  distillate  is  then  mixed  with  about  three 
times  its  volume  of  a  solution  of  potassic  nitrite  in  a  strong  solu- 
tion of  potassic  hydrate,  and,  after  shaking  well,  dilute  sulphuric 
acid  is  added  drop  by  drop.  If  the  alcohol  is  a  primary  alcohol 
and  a  primary  nitroparaffin  has  been  produced,  the  liquid  at  once 
assumes  an  intense  dark  red  colour  (p.  16^7) ;  if  it  is  a  secon- 
dary alcohol  it  becomes  dark  blue  (p.  168) ;  whilst  the  product 
from  the  tertiary  alcohol  remains  colourless,  nitrous  acid  being 
without  action  on  the  tertiary  nitroparaffins.  No  more  than 
•5  grm.  of  the  iodoparaffin  is  required  to  produce  these  reactions 
with  perfect  distinctness  {Ann.  Cliem.  Pharm.,  clxxx.  139). 

General  Properties  and  Reactions  of  the  Alcohols 
OF  the  C^Hgn+pOH  OR  Ethylic  Series. 

(1423)  The  first  nine  members  of  the  series,  with  the  excep- 
tion of  some  of  the  tertiary  alcohols,  which  are  solid,  are  colour- 
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less  liquids  at  the  ordinary  temperature  :  metbylic,  ethylic,  and 
propylic  alcohols  being  miscible  with  water  in  all  proportions; 
whilst  cetylic,  cerylic^  and  melissic  alcohols  are  crystalline  solids, 
insoluble  in  water.  The  other  terms  are  oily  liquids,  the  mo- 
bility of  which,  and  also  their  solubility  in  water,  decreases  as 
the  series  is  ascended.  Nearly  all  the  alcohols  possess  charac- 
teristic odours,  and  are  inflammable  either  at  the  ordinary 
temperature  or  when  heated. 

(1424)  Behaviour  of  the  Alcohols  on  Oxidation. — When 
strongly  heated  or  burnt  in  presence  of  excess  of  oxygen,  the 
alcohols  are  converted  into  carbonic  anhydride  and  water,  as 
is  generally  the  case  with  carbon  compounds ;  but  when  sub- 
mitted to  what  is  commonly  termed  "  limited^^  or  graduated 
oxidation  (p.  71),  results  are  obtained  varying  with  the  nature  of 
the  alcohol,  which  are  of  the  greatest  value,  as  they  usually  enable 
us  to  ascertain  whether  it  is  a  primary,  secondary,  or  tertiary 
alcohol. 

Primary  Alcohols. — The  first  action  of  oxidizing  agents  on 
these  alcohols  is  to  remove  a  molecule  of  hydrogen  giving  rise  to 
aldehydes  containing  the  same  number  of  carbon  atoms : 

CH3.CH2.OH   4-   O  =  CH3.COH    +   OHg. 

Ethylic  alcohol.  Acetic  aldehyde. 

These  aldehydes  by  the  further  action  of  the  oxidizing  agent  are 
then  converted  into  acids  of  the  acetic  series^  also  containing  the 
same  number  of  carbon  atoms  as  the  original  alcohols  : 

CH3.COH    +    O    =   CH3.COOH. 

Acetic  aldehyde.  Acetic  acid. 

In  some  cases  a  portion  of  the  acid  produced  acts  on  unat- 
tacked  alcohol  giving  rise  to  an  ethereal  salt : 

CH3.COOH   4-   CgH^.OH  =  CH3.COOC2H5   +   OHg. 

Acetic  acid.  Ethylic  alcohol.  Ethylic  acetate. 

The  oxidation  of  a  primary  alcohol  may  therefore  give  rise  to 
three  distinct  products  :  an  aldehyde,  an  acid,  and  an  ethereal 
salt.  The  relative  proportions  in  which  •  these  three  bodies  are 
produced  is  dependent  upon  the  conditions  under  which  the 
bxidation  is  eff'ected :  that  is  to  say,  upon  the  nature  of  the 
oxidizing  agent,  and  probably  also  upon  the  nature  of  the  alcohol 
itself;  upon  the  temperature;  and  especially  upon  the  concentra- 
tion of  the  oxidizing  solution. 

Secondary  Alcohols. — In  the  case  of  the  secondary  alcohols 
also,  the  oxidation  occurs  in  two  stages,  but  in  the  first,  instead 
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of  an  aldehyde,  a  ketone  containing  the  same  number  of  carbon 
atoms  as  the  alcohol  is  produced  : 

(Cty.CH.OH  +   O  =   (CH3),C0  +   OH,. 

Jsopropylic  alcohol  or  Acetone  or 

Diiiaethylcarbiuol.  Dimethylketone. 

By  the  continued  action  of  the  oxidizing  agent,  however,  the 
ketone  is  converted  into  one  or  more  acids  of  the  acetic  series 
(Containing  a  smaller  number  of  carbon  atoms ;  thus : 

CH3.CO.CH3    +    30   =   CH3.COOH    +    ILCOOH. 

Acetone,  Acetic  acid.  Formic  acid. 

Tertiary  Alcohols. — Oxidation  products  containing  the  same 
number  of  carbon  atoms  are  never  obtained  from  these  alcohols ; 
but  in  some  cases  a  ketone  with  one  or  more  acids  of  the  acetic 
series,  in  others  one  or  more  acids  of  the  acetic  series  alone,  are 
produced.      For  example : 

C(CH3V0H  +  30    =    CO(CH3)2  +  H.COOH   +  OH^, 

Trimethylcarbinol.  Acetone,  Formic  acid, 

C(C2H5)3.0H   +   60  =   CgH^.COOH   +   2CH3.COOH   +   OH^, 

Triethylcarbinol,  Propionic  acid.  Acetic  acid. 

It  will  thus  be  seen  that  the  three  classes  of  alcohols  behave 
iery  differently,  for  whilst  the  primary  alcohols  yield  aldehydes 
containing  the  same  number  of  carbon  atoms,  which  by  further 
)xidation  are  converted  into  acids  of  the  acetic  series,  also  con- 
aining  the  same  number  of  carbon  atoms  as  the  original  alcohols  ; 
;lie  secondary  alcohols  yield  ketones  containing  tlie  same  number 
jf  carbon  atoms,  but  which  on  further  oxidation  furnisii  acids 
)f  the  acetic  series  containing  lewer  carbon  atoms  than  the 
original  alcohols  ;  lastly,  the  tertiary  alcohols  do  not  under  any 
circumstances  yield  products  containing  the  same  number  of 
;arbon  atoms. 

The  behaviour  of  the  different  classes  of  alcohols  on  oxidation 
vill  be  better  understood,  however^  if  the  changes  which  probably 
)ccur  are  considered. 

It  is  to  be  noticed  that  the  oxidation  is  always  effected  in  presence  of  water  ; 
he  reagent  most  commonly  employed  being  a  mixture  of  potassic  dichroniata, 
ulphuric  acid,  and  water.  There  is  no  doubt,  moreover,  that  the  water  plays 
n  important  part  in  the  reaction,  although  the  precise  manner  in  which  it  acts 
>  not  yet  understood  ;  probably,  however,  the  water  and  the  "  nascent"  oxygen 
:)Sether  exercise  an  action  which  is  in  a  measure  equivalent  to  that  of  hydric 
eroxide,  and  this  is  indicated  iu  the  following  equations  by  priptipg  the  oxygen 
ud  water  together  in  a  bracket. 
3  E  £ 
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If  the  action  of  oxidizing  agents  on  primary  alcohols  be  represented,  as  it  is 
usually,  as  a  mere  withdrawal  of  two  atoms  of  hydrogen  by  the  oxygen  : 

C,H,,^,.CH.XOH)    4-    0    =    CA„,,.COH    +   0H„ 

Primary  alcohol.  Aldehyde. 

it  is  diflBcult  to  understand  why  the  atoms  of  hydrogen  of  the  OH  group  and 
one  of  the  atoms  from  the  CHg  group  are  withdrawn,  the  two  atoms  having 
apparently  very  dissimilar  functions  in  the  compound;  and  the  alternative 
hypothesis  that  the  two  atoms  of  hydrogen  are  withdrawn  from  the  CHg  group, 
and  that  thereupon  the  0  and  H  in  the  OH  group  become  disunited,  and  enter 
into  union  with  the  carbon  atom,  is  equally  unsatisfactory.  A  natural  interpre- 
tation of  the  reaction  appears  to  be  afforded,  however,  by  the  assumption  tliat 
the  oxygen  and  water  acting  together  lead  to  the  displacement  of  an  atom  of 
hydrogen  in  the  CH^  group  by  OH,  and  that  the  resulting  "  aldehyde  hydrate" 
is  afterwards  resolved  into  aldehyde  and  water : 

C„H,„^,.CH,(OH)   +    (0   +   OH,)   =    C„H,„,,.CH(OHX    +    OH,; 

Primary  alcohol.  Aldehyde  hydrate. 

C„H2„+,.CH(0H),    =    OH,    +    C,H,„^,.COH. 

Aldehyde  hydrate.  Aldehyde. 

Aldehyde  hydrates,  such  as  according  to  this  view  are  supposed  to  be  the  imme- 
diate products  of  the  oxidation  of  primary  alcohols,  are  known  to  exist,  but  tliey 
are  extremely  unstable  bodies  (see  Glycols,  and  Aldehydes  of  the  Acetic  S6ries); 
and  this  fact  goes  lar  towards  proving  the  correctness  of  the  above  explanation  of 
the  manner  in  which  the  aldehydes  are  formed. 

The  conversion  of   the   secondary   alcohols   into    ketones  is  explained  in  a 
similar  manner,  the  immediate  products  of  oxidation  being  "  ketone  hydrates" : 

+    OH.,; 


CnH^n+i   IcH.OH 

Secondary  alcohol. 

+    (0   + 

OH 

.)   = 

C„H,,  +  ,   lc(OH), 

Ketone  hydrate. 

^■^'"+.  lc(OH), 

Ketone  hydrate. 

= 

OH, 

+    n"^'°  +  ^  \  CO. 

^mH2m  +  1  ) 
Ketone. 

In  the  case  of  the  tertiary  alcohols,  however,  it  appears  that  at  first  one  of 
the  radicles  is  split  off  under  the  influence  of  the  oxidizing  agent,  and  it  may 
bp  supposed  is  displaced  by  OH ;  and  it  is  probable  that  the  immediate  products 
of  oxidation  are  a  ketone  hydrate,  and  an  alcohol  of  the  ethylic  series  : 

CpH2p+,    j  ^n.H      +J 

Tertiary  alcohol,  Ketone  hydrate.  Alcohol. 

The  radicle  CpH2p  4-1,  thus  split  off,  appears  always  to  be  the  least  stable, 
which  is  usually  the  most  complex.   It  is  represented  as  forming  an  alcohol, although 


*  In  this  formula  n,  m,  and  p  may  have  the  same  value,  or  n  and  m  the 
same  value  but  p  be  different,  or  each  may  have  a  different  value ;  the  formula 
being  so  written  in  order  to  include  tertiary  alcohols  containing  two  or  three 
dissimilar  radicles. 
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alcohols  are  never  obtained  as  products  of  the  reaction,  being  at  once  further 
oxidized  :  the  oxidation  products  of  the  radicle  CpH^p  ^  j  may  be  readily  inferred, 
however,  by  the  aid  of  the  rules  here  laid  down,  according  as  it  is  a  primary, 
secondary,  or  tertiary  radicle :  that  is  to  say,  according  as  it  may  be  supposed  to 
form  a  primary,  secondary,  or  tertiary  alcohol  when  combined  with  OH.  The 
ketone  hydrate  is  converted  by  loss  of  water  into  a  ketone.  It  is  true  that  the 
formation  of  ketones  has  not  always  been  observed  in  the  oxidation  of  the  tertiary 
alcohols,  but  this  is  probably  because  the  conditions  of  experiment  have  been 
such  that  the  ketone  has  been  at  once  further  oxidized. 

The  behaviour  of  the  ketones  on  oxidation  is  very  similar  to  that  of  the 
tertiarj'  alcohols.  One  of  the  radicles — and  if  the  ketone  contain  dissimilar 
radicles  it  is  always  the  less  stable,  which  is  usually  the  more  complex  radicle — 
is  split  off  and  separately  oxidized,  being  presumably  displaced  by  OH ;  an  acid 
of  the  acetic  series  is  thus  produced,  and,  as  before,  it  may  be  supposed  that  the 
radicle  which  is  displaced  forms  an  alcohol : 

Oa^.n+x    IcO    +    (0    +    OH,)     =     C,H,,  +  ,.COOH    +    C^H,„  +  ,.OH. 

Ketone.  Acid.  Alcohol. 

If  the  radicle  which  is  displaced  be  a  primary  radicle,  CnHgn  +  i-CH,,  it  will 
form  a  primary  alcohol,  and  this  will  finally  be  converted  into  an  acid  of  the 
form  CnHgn  4-  i-COOH  on  oxidation.  The  behaviour  of  ketones,  and  also  of 
tertiary  alcohols,  containing  secondary  radicles,  (CoHgn  -\.  j)2CH,  or  tertiary  radicles, 
(CaH.2n  4.  ^).JC,  has  not  been  investigated,  but  it  is  almost  beyond  doubt  that  it 
will  be  found  to  accord  perfectly  with  the  results  already  obtained,  and  which 
are  expressed  in  the  laws  above  given. 

(1425)  Other  Reactions  of  the  Alcohols  of  the  CJti^j^^^{OR) 
Series. —  i.  Many  of  the  alcohols  are  oxidized  when  heated  to 
a  high  temperature  with  potassic  hydrate,  yielding  a  potassic 
salt  of  an  acid  of  the  acetic  series,  with  simultaneous  elimination 
of  hydrogen  : 

C,H^^i.CH,(OH)   +   KOH   =  C.H^^+i.COOK  +   aH,. 
CHj.CHjCOH)   +    KOH   =  CH3.COOK   +   aH^. 

Ethylic  alcohol.  Potassic  acetate. 

The  behaviour  of  secondary  and  tertiary  alcohols  has  not  been 
ascertained,  that  of  primary  alcohols  only  being  known. 

2.  The  alcohols  are  readily  attacked  by  metallic  sodium  or 
potassium,  with  evolution  of  hydrogen  and  the  formation  of  a 
imetallic  derivative : 

2C,H2„^i.OH   +   2Na   =    2C,H2„^i.ONa   +   H^. 

2C2H5.OH   +   2Na  =    2C2H5.0Na  +   H^. 

Ethjlic  hydrate.  Sodic  ethylate. 

Similar  compounds  are  formed  when  potassic  hydrate  is  dis- 
8dlved  in  a  large  excess  of  the  alcohol,  and   the  excess  distilled 

E  E  2 
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off':  they  are  the  more  readily  produced  the  higher  the  molecular 
weight  of  the  alcohol : 

CA,+i.OH   +   KOH   =  C^H^^^i.OK  +  OH,. 

C4H9.OH    +    KOH   =   C.Hg.OK    +   OHg. 

Butylic  hydrate.  Potassic  butylate. 

In  this  case,  the  water  as  it  is  formed  is  carried  off  by  the  vapour 
of  the  anhydrous  or  nearly  anhydrous  alcohol.  It  follows  from 
this  that  it  is  very  difficult  or  almost  impossible  to  dehydrate  an 
alcohol  by  means  of  metallic  sodium,  or  of  potassic  or  sodic 
hydrate,  especially  if  it  have  a  high  boiling  point. 

3.  The  alcohols  are  all  converted  into  the  corresponding 
monohaloid  paraffin  derivatives  by  the  action  of  the  haloid  acids : 

CJI,„,.OH   +   HI  =  C^H^n+iI  +  OH,. 
CjHj.OH   +    HI    =   Cglljl   +   OH<j. 

Propylic  aleohoL  lodopropane. 

This"  reaction  affords  the  most  convenient  method  of  preparing  pure 
monohaloid  paraffin  derivatives.  The  hest  plan  of  operating  is  either  to  saturate 
the  alcohol,  or  a  mixture  of  the  alcohol  and  a  saturated  aqueous  solution  of  the 
haloid  acid  in  convenient  proportions,  with  the  gaseous  haloid  acid  at  0°  (32°  F.), 
and  to  heat  the  mixture  in  closed  tubes.  The  heat  of  the  water  bath  is  usually 
sufficient.  The  conversion  of  the  alcohol  into  the  haloid  paraffin  is  never  perfect, 
but  appears  to  be  the  more  complete  the  greater  the  proportion  of  haloid  acid 
employed ;  the  amount  of  haloid  paraffin  produced  varies  also  with  the  tempera- 
ture. In  order  to  purify  the  product  it  is  washed  with  water,  then  placed  in 
contact  with  calcic  chloride,  and  when  dry  submitted  to  fractional  distillation. 

4.  The  haloid  phosphorus  compounds  act  with  great  readiness 
on  the  alcohols  in  the  manner  represented  by  the  following  equa- 
tions (see  also  Ethylic  Alcohol,  p.  430) : 

«.  PCI3  +  C„H,;^i.OH   =  PCl,.OC„H^^i  +  HCl. 

/3.  I'C1,.0C„H2„^,   +   C„H,„^i.OH   =   PC1(0C„H2„+,),  +  HCl. 

y.  PCl(OCJI,„^i),  +   C„H,„^,.OH   =  P(0C,H,„^,)3  +   HCl.* 

a.  PCI,  +  C„H2„+,.0H   =  POCI3  +  C,H2,+iCl  +   HCl. 

/3.  POCI3    +   C„H2„^.,.0H  =   P0Cl2.0C„H2„^i   +   HCl. 

7.  P0C1,.0C„H,,^,  +  C„H,„+,.0H  =  P0C1(0C„H,„^,)»  +  HCI. 

^.   P0C1(0C„H,„^,)2  +  C„H,„^,.0H  =  PO(OC„H,„^03  +  HCl. 

The  bromine  and  iodine  compounds  appear  to   behave   similarly, 
but  their  action  has  not  been  so  thoroughly  examined. 


It  is   usually  stated   that   by  the  action  of  phosphoric  oxy chloride  and 
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5.  Many  of  the  organic  acids,  when  heated  with  the 
alcohols,  furnish  the  corresponding  ethereal  salts  or  "  compound 
ethers"  : 

C„H2„^i.0H    +    R'.COOH  =    R'.COOC.H^,^!   +   OH,. 

CgHg.OH    +   CH3.COOH   =   CH3.COOC2H5  +  OH2. 

Ethylic  alcohol.  Acetic  acid.  Ethylic  acetate. 

I  Nitric,*  sulphuric,  and  phosphoric  acids  also  readily  enter  into 
reaction  with  the  alcohols,  and  especially  with  the  lower   terms 
,  of  the  series  ;  as  a  rule  the  polybasic  acids,    both   mineral  and 
'   organic,  yield  acid  salts  : 

C2H5.OH    +    HNO3  =   C^Hg.NOg    +    OH2. 

Ethylic  alcohol.  Ethylic  nitrate. 

C,Hi,.OH   +   HgSO,  =  C.Hi^.HSO^  +   OH^. 

Amylic  alcohol.  Amylic  hydric  sulphate. 

6.  By  the  action  of  phosphoric  anhydride  on  the  alcohols, 
ethereal  salts  of  phosphoric  acid  are  produced  : 

5CA„^i.OH  +  PA=PO(OC„H,„^,)3+P03H(OC„H,„^,),+20H,. 
jC.Hj.OH  +  P.O^   =   POCOCjH.lj  +  PO^HlOCgH,)^  +  aOH^. 

Ethylic  alcohol.  Triethylic  phosphate.  Hydric  diethylic 

phosphate. 


i    phosphorous    chloride    on  alcohols   the  corresponding  monohaloid  paraffins  and 
I    phosphoric  or  phosphorous  acid  are  produced,  thus  : 


POCI3      +      3C,H,„+,.0H      =      P0(0H)3      +      3CoH,a  +  ,Cl; 

Phosphoric  oxychloride.  Alcohol.  Phosphoric  acid.  Haloid  paraffin. 

PCI3        +        3CnH,n+..0H        =        PO3H3         +        3CnH,.  +  ,Cl; 
Phosphorous  chloride.  Alcohol.  Phosphorous  acid.  Haloid  paraffin. 

and  that  from  these  acids  ethereal  salts  are  formed  by  the  action  of  another  por- 
tion of  the  alcohol.  This  interpretation  of  the  reaction  appears,  however,  to  rest 
upon  a  misconception  ;  and  there  is  little  doubt  that  the  haloid  paraffin  is  not 
the  immediate  product  of  the  reaction,  but  that  it  is  a  secondary  product  formed 
by  the  action  of  the  haloid  acid  produced  in  the  manner  illustrated  by  the  above 
equations  on  a  further  portion  of  alcohol. 

*  When  nitric  acid  alone  is  employed  a  portion  of  the  acid  undergoes  reduc- 
tion at  the  expense  of  a  portion  of  the  alcohol,  and  a  mixed  product  is  obtained 
containing,  together  with  the  nitrate,  an  ethereal  salt  of  nitrous  acid  and  oxidation 
products  of  the  alcohol.  By  adding  the  alcohol  to  a  well  cooled  mixture  of 
concentrated  nitric  and  sulphuric  acid  (Chapman  anil  Smith,  Chem,  Soc.  Journ., 
XX.  581),  or  by  distilling  it  with  concentrated  nitric  acid  and  urea,  the  Ibrma- 
tion  of  these  bodies  is  avoided  ;  in  the  latter  case,  the  nitrous  acid  produced  by 
the  reduction  of  a  portion  of  the  alcohol  is  decomposed  by  the  urea. 
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Corresponding  compounds  are  obtained  by  the  action  of 
thiopbosphoric  anhydride  or  phosphoric  pentasulphide  (Carius, 
Ann.  Chem.  Pharm.,  cxix.  290) ;  thus  : 


SCoHe 


(OH 


5C,H,.0H  +  p,s,  =  mXKA .  +PS  oan,  +  oh,  +  sh,. 

7.  By  the  action  of  various  dehydrating  agents,  and  especially 
of  zincic  chloride,  the  elements  of  a  molecule  of  water  are 
abstracted  from  the  alcohols,  and  the  correspondmg  olefines  are 
formed : 

C„H,„^i.OH   =   C„H,„  +  OH,. 

C3H,.0H  =   C3H,     +   OH,. 

Isopropylic  alcohol.        Propylene. 

Although  the  precise  nature  of  the  action  exercised  by  zincic 
chloride  upon  the  alcohols  is  not  understood,  it  is  evident 
from  the  complex  character  of  the  product  in  the  case  of  amylic 
alcohol  (p.  194)  that  it  is  far  less  simple  than  is  represented  by 
this  equation,  and  that  water  is  not  merely  abstracted. 

(1426)  Methylic  Alcohol;  Methy lie  Hydrate,  Wood  Spirit,  ox 
Pyroxylie  Spirit:  CH^O  or  CH3.0H  =  32. — This  alcohol,  which 
was  first  observed  by  Taylor  in  18 12  amongst  the  products  of  the 
destructive  distillation  of  wood,  derives  its  name,  not  very  ap- 
propriately, from  fxWvy  wine.  Although  methylic  alcohol  is 
almost  always  prepared  from  the  crude  wood  vinegar  obtained 
by  submitting  hard  woods,  such  as  beech  wood,  to  dry  distilla- 
tion at  a  high  temperature  in  closed  vessels,  it  has  been  obtained 
synthetically  in  several  ways :  from  chloromethane,  and  from 
formic  aldehyde"^  by  the  general  methods  already  described,  and 
from  hydrocyanic  acid  by  first  converting  it  into  methylamine  by 
the  action  of  nascent  hydrogen  : 

HCN    +    2H2   =  CH3.NH2; 

Hydrocyanic  Methylamine. 

acid. 


*  The  formic  aldehyde  employed  for  this  purpose  was  not  the  pure  substance, 
bat  the  crude  product  obtained  by  the  dry  distillation  of  calcic  formate;  this 
was  submitted  to  the  action  of  sodium  amalgam  and  water,  and  the  alcohol  iso- 
lated in  the  form  of  methylic  iodide  (Lieben  and  Rossi,  Ann.  Chem.  JBharm.y 
clviii.  107  ;  Linnemann  and  Zotta,  ihid.,  clxi.  15).  Friedel  and  Silva  have 
shown,  however,  that  a  certain  quantity  of  methylic  alcohol  is  formed  on  merely 
distilling  calcic  formate,  and  they  account  for  its  production  by  the  supposition 
that  the  hydrogen  generated  by  the  complete  decomposition  of  a  portion  of  the 
formate  acts  on  the  aldehyde  produced  firom  another  portion. 
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^  and  then  boiling  the  slightly  acidulated  solution  of  the  nitrite  of 
li  this  base,  nitrogen  and  water  being  eliminated  : 

CH3.NH3NO2  =   CH3(0H)    +   OH2   +    N3. 

Methylamine  uitiite.  Methylic  alcohol. 

The  methylamine  obtained  from  any  other  source  is  equally 
available  for  the  synthetical  production  of  the  alcohol.  It  may 
also  be  obtained  by  the  saponification  of  oil  of  wintergreen 
[Gaultheria  procumbens),  or  rather  of  the  methylic  salicylate, 
which  forms  the  chief  constituent  of  that  essential  oil : 

CgH,(0H).C00CH3  +  KHO  =  CH3(0H)  -f  CgH,(OH).COOK. 

Methylic  salicylate.  Methylic  alcohol.  Potassic  salicylate. 

Preparation. — As  already  noticed  (p.  254),  the  crude  pro- 
duct of  the  distillation  of  wood  is  a  heterogeneous  mixture,  of 
which  the  wood  spirit  forms  but  a  very  small  part. 

The  aqueous  portion  after  being  separated  from  the  heavier  tar  is  rectified,  and 
the  first  portions,  which  contain  almost  the  whole  of  the   meth;ylic  alcohol,  are 

!  collected  apart;  these  should  be  rectified  from  quicklime,  which  retains  the  acetic 
acid,  the  water,  and  most  of  the  tarry  matter.      The  wood  naphtha  of  commerce, 

'  however,  is  often  merely  rectified  from  chalk  :  as  thus  prepared  it  is  a  mixture 
consisting  chiefly  of  methylic  alcohol,  methylic  acetate,  and  acetone,  with  oily 
substances  insoluble  in  water,  and  which  may  be  separated  from  it  by  admixture 
with  water. 

In  order  to  free  it  from  these  impurities,  it  is  mixed  with  an  equal  volume  of 

;  a  concentrated  solution  of  potassic  or  sodic  hydrate,  and  allowed  to  stand  for  some 

I  hours,  or  still  better  boiled  with  it  for  a  time  ;  any  oily  matters  which  may  have 
risen  to  the  surface  after  this  treatment  are  removed,  and  the  liquid  is  then  dis- 

,  tilled :  the  alkali  decomposes  the  methylic  acetate,  usually  present  in  large  quan- 
tity^-and  forms  potassic  acetate,  whilst  methylic  alcohol  is  produced  and  distils 
ovei: ;  after  this  it  may  be  in  great  measure  deprived  of  water  by  the  addition  of 
potaksic  carbonate,  and  the  upper  stratum  of  liquid  being  decanted- from  the 
saturated  aqueous  solution  of  potassic  carbonate,  may  be  saturated  with  calcic 
chloride,  which  forms  with  methylic  alcohol  a  compound  not  decomposable  at  the 
temperature  of  boiling  water.  The  mixture  is  then  subjected  in  a  retort  to  the 
heat  of  a  steam- bath,  and  the  volatile  portions  containing  acetone  and  methylic 
acetal,  are  thus  expelled.  The  residue,  which  retains  the  methylic  alcohol,  is 
mixed  with  an  equal  weight  of  water,  by  which  the  alcohol  is  displaced  from  its 
combination  with  the  chloride ;  and  on  renewing  the  application  of  heat,  methylic 
alcohol,  mixed  with  a  little  water,  passes  over  ;  a  second  rectification  from  quicklime 
iurnishes  it  in  a  state  of  comparative  purity,  and  by  repeating  the  treatment 
with  calcic  chloride  the  alcohol  may  be  still  further  purified.  Although  this 
method,  however,  affords  a  means  of  obtaining  pure  methylic  alcohol  in  quantity, 
its  preparation  is  a  matter  of  considerable  difficulty.  Crude  methylic  alcohol  may 
also  be  purified  by  converting  it  into  methylic  oxalate,  or  still  better  as  reconi- 
meuded  by  Carius(z(ww.  Chem,.  Pharni.,  ex.  210)  by  converting  it  into  methylic 
benzoate.  A  solution  of  benzoic  acid  in  an  excess  01  the  alcohol  is  saturated 
with  hydrochloric  acid  gas,  then  digested  on  the  water  bath  for  two  or  three  hours, 
distilled,  and  the  portion  which  boils  above  100^  (212°  F.)  after  washing  with 
cold  water  is  decomposed  by  heating  in  a  flask  attached  to  a  reversed  condenser 
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with  a  sH<,4it  excess  of  sodic  hydrate  dissolved  in  3  or  4  parts  of  water.  The  alcohol 
is  distilled  off',  and  rendered  anhydrous  by  digesting  it  with  quicklime.  The 
«odic  benzoate  is  treated  with  the  necessary  quantity  of  dilute  sulphuric  acid,  and 
the  liberated  benzoic  acid  again  employed  iu  the  preparation  of  a  further  quantity 
of  methylic  benzoate. 

Properties. — Methylic  alcohol  is  a  limpid,  inflammahle, 
colourless  liquid,  of  a  penetrating  spirituous  odour,  and  a  dis- 
agreeable burning  taste  :  the  empyreumatic  »mell  commonly  ob- 
served is,  however,  due  to  the  impurities  in  the  product,  most  of 
which  may  be  removed  by  prolonged  digestion  upon  charcoal 
and  methodical  filtration  through  it,  as  practised  by  Mr.  Eschwcge. 
It  boils'^  at  58°-6  (137^-4  F.),  and  has  a  sp.  gr.  of  0798  at  20® 
(68°  F.),  or  o'8i42  at  0°  (32°  F.).  It  is  soluble  in  water,  alcohol, 
and  ether,  in  all  proportions.  When  it  is  mixed  with  water,  cou- 
traction  takes  place.  It  is  very  inflammable,  and  burns  with  a  pale 
non-luminous  flame, producing  carbonic  anhydride  and  water,  whilst 
its  vapour  passed  through  a  red  hot  tube  gives  rise  to  acetylene 
amongst  other  products  (Berthelot^.  When  pure,  it  does  not 
reduce  mercurous  nitrate  if  mixed  with  its  solution.  Methylic 
alcohol  mixes  readily  with  the  essential  oils,  and  dissolves  many 
fatty  bodies  and  resins  with  facility.  Its  principal  application  iu 
the  arts,  as  .  crude  wood  naphtha^  is  founded  upon  its  power  of 
dissolving  the  resins,  which,  when  thus  dissolved,  are  employed 
as  varnishes.  It  is  largely  used  for  mixing  with  ordinary  alcohol 
to  form  '  methylated  spirit  -/  a  solution  of  shell-lac  and  other 
resins  in  this,  is  extensively  used  for  stiffening  the  basis  of  silk 
hats.  The  hydrates  of  the  alkalies  are  soluble  in  wood  spirit, 
but  they  immediately  colour  it  brown,  doubtless  by  their  action 
on  some  of  the  impurities  ordinarily  present,  lire  proposed  to 
utilize  this  reaction  as  a  means  of  detecting  small  quantities  of 
pyroxylic  spirit  in  ordinary  ethylic  alcohol. 

When  methylic  alcohol,  in  vapour,  is  passed  over  heated 
soda-lime,  hydrogen  is  given  off"  and  sodic  formate  is  pro- 
duced : 

CHglOH)    -h    NaHO    =    H.COONa   -\-   2H,. 

Methylic  alcohol.  Sodic  formate. 

But  at  higher  temperatures,  and  in  presence  of  excess  of  the 
alkaline    hydrate,   the    formate    is    converted   into   oxalate,  and 


*  Owing  to  the  difficulty  of  obtaining  it  pure  the  boiling  point  of  methylic 
alcohol  is  very  variously  stated  ;  the  number  here  given  is  that  observed  by 
Da|)re  (5  Soc.  Proc,  xx.  336),  which  there  is  every  reason  to  believe  is  correct. 
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ultimately  into  carbonate.  Methylic  alcohol  also  yields  formic 
;acid  when  slowly  oxidized  in  contact  with  platinum  black  ;  the 
formation  of  the  acid  being  probably  preceded  by  that  of  formic 
aldehyde.  The  alkali  metals,  potassium  and  sodium,  act  with 
great  energy  on  methylic  alcohol,  displacing  the  hydrogen  in  the 
OH  group,  and  giving  rise  to  potassic  methylate,  CH^.OK,  and 
sodic  methylate,  CHg.ONa,  respectively,  both  of  which  are  crys- 
talline compounds  closely  resembling  the  corresponding  deri- 
vatives obtained  from  ethyllc  alcohol.  With  concentrated 
sulphuric  acid,  it  yields  hydric  methylic  sulphate,  CHg.HSO^. 
Chlorine  acts  with  great  energy  on  the  alcohol,  the  ultimate 
product,  according  to  Cloez  {Compt.  Rend.,  xlviii.  642),  being 
parachloralide,  CgHCl^O.  A  similar  compound,  parahromalide, 
CjHBrgO,  is  obtained  by  the  action  of  bromine.  It  is  not  known 
at  present,  however,  what  is  the  nature  of  these  compounds  ;  in 
fact,  the  action  of  the  halogens  on  methylic  alcohol  is  a  subject 
requiring  investigation.  Methylic  alcohol  dissolves  calcic  chloride, 
uniting  with  it  to  form  the  compound  CaClg  +  4CH^0,  which 
crystallizes  in  six-sided  plates.  It  also  forms  a  crystalline  com- 
pound with  baryta,  BaO  +  iCYifi. 

(r427)  Ethylic  Alcohol  or  Methylcarbinol  ;  Alcohol  or 
Spirit  of  Wine  :  C^IIgO  or  CH3.CH2(OH)  =  46.— Although  intoxi- 
cating drinks  prepared  by  the  fermentation  of  various  liquids 
containing  sugar,  such  as  grape  juice,  have  been  known  from  the 
^earliest  times,  it  does  not  appear  that  alcohol  was  obtained  free 
from  non-volatile  impurities  until  about  the  twelfth  century.  It 
has  been'  formed  synthetically  from  ethane,  acetic  aldehyde,  a 
mixture  of  acetic  acid  and  acetic  chloride,  acetic  anhydride,  and 
ialso  from  ethylene  (p.  188),  by  the  methods  described  when 
treating  of  the  general  properties  of  the  alcohols.  The  formation 
I  of  alcohol  from  ethylene,  first  observed  by  Hennel  [Phil.  Trans., 
1 1836,  p.  240),  is  of  special  interest  as  an  example  of  the  complete 
synthesis  of  a  carbon  compound  from  its  elements.  Thus, 
carbon  and  hydrogen,  as  already  mentioned  (p.  209),  may  be 
caused  to  unite  directly  to  form  acetylene,  which  in  contact  with 
nascent  hydrogen  is  readily  converted  into  ethylene.  This  com- 
pound is  slowly  absorbed  when  briskly  agitated  with  concen- 
trated, sulphuric  acid,  and  the  solution  when  diluted  with  water 
and  submitted  to  distillation  yields  a  small  quantity  of  dilute  alcohol 
(Berthelot,  Ann.  Chim.  [3],  xliii.  388).  According  to  Hemilian 
{Deut.  Chem.  Ges.Ber.,  viii.  "661)  ethylic  alcohol  also  occurs  along 
with  methylic  alcohol  in  the  product  obtained  by  the  destructive 
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distillation  of  wood.  This  statement  requires  confirmation^  how- 
ever, as  it  is  possible  that  the  wood  spirit  referred  to  may  have 
been  adulterated  with  alcohol  {ibid.  ii.  105). 

The  methods  just  mentioned,  however,  possess  merely  a 
scientific  interest,  as  alcohol  is  invariably  prepared  on  the  large 
scale  by  the  fermentation  of  a  saccharine  solution,  such  as  grape 
juice,  the  molasses  from  the  sugar  cane,  the  refuse  of  the  beetroot 
sugar  manufactory,  starch  and  dextrin  altered  by  contact  with 
infusion  of  malt,  &c.  These  solutions  should  contain  about 
one-eighth  of  their  weight  of  sugar,  in  order  that  the  fermenta- 
tion may  be  conducted  with  the  greatest  advantage,  but  even 
then  not  more  than  four-fifths  of  the  whole  is  converted  into 
alcohol.  The  reaction  which  produces  the  alcohol  may  be  thus 
represented  : 

C,H,p,    =    2C,Hp   +   2CO,. 

Glucose.  Alcohol. 

but  it  must  be  remembered  that  several  other  products  are  always 
produced  in  small  quantities  at  the  same  time  (see  Fermenta- 
tion). 

Alcohol  may  readily  be  obtained  diluted  with  more  or  less 
water  by  subjecting  these  fermented  worts  to  distillation.  The 
first  portions  which  come  over  contain  the  alcohol,  and  may  be 
concentrated  by  repeated  rectifications  until  they  contain  only 
about  9—10  per  cent,  of  water.  Strong  spirit  may,  however,  be 
obtained  from  the  wash  at  a  single  operation  by  the  use  of 
specially  constructed  stills,  similar  to  those  devised  by  xldams 
and  by  Cofiey  (188).  It  is  not  possible,  however,  to  separate 
the  last  portions  of  water  by  simple  rectification,  so  that 
recourse  must  be  had  to  some  dehydrating  substance.  Dry 
potassic  carbonate  readily  removes  water  from  dilute  alcohol, 
forming  an  aqueous  solution  heavier  than  the  alcohol,  and  not 
miscible  with  it ;  and  thus  offers  a  ready  method  of  concentrating 
small  quantities,  although  it  will  not  take  up  the  last  4  or  5  per 
cent,  of  water.  When  anhydrous  or ''  absolute"  alcohol  is  required, 
recourse  must  be  had  to  quicklime,  and  then  the  best  method  of 
proceeding  is  probably  that  given  by  Erlenmeyer  [Ann.  Chem. 
Pharm.,  clx.  249).  The  lime  is  placed  in  small  lumps  in  a  flask 
or  tin  can  furnished  with  an  inverted  condenser,  highly  rectified 
spirit  is  poured  on  to  it,  and  the  whole  digested  in  a  water  bath 
for  an  hour  or  more.  The  spirit  is  then  distilled  oflP,  and  if  not 
quite  anhydrous,  subjected  a  second 'time  to  similar  treatment. 
Anhydrous  cupric  sulphate  or  potassic  ferrocyanide  may  also  be 
employed  in  dehydrating  small  quantities  of  alcohol.     Dry  alcohol 
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Joes   not  comraunioate    the    faintest    blue    tinge   to   anhydrous 
Ipupric  sulphate. 

Properties.— Alcohol  is  a  colourless,  volatile,  inflammable 
iquid,  of  agreeable  well-known  spirituous  odour  and  burning 
:aste.  It  boils  at  78°  3  (173°  R),  and  when  pure  it  has  a  specific 
gravity  of  07938  at  if  6  (60°  F.)  It  has  never  been  frozen, 
hough  at  a  temperature  of  —  110°  C.  (—  166°  F.)  it  becomes 
viscid.  Taken  in  small  quantities  in  a  diluted  form,  it  furnishes 
I  useful  and  well-known  stimulant,  and  it  forms  the  basis  of  all 
ermented  liquors ;  but  in  large  quantities  it  produces  intoxica- 
iion,  and  acts  as  a  powerful  narcotic  poison,  frequently  occasion- 
ng  fatal  results  when  taken  in  a  concentrated  state,  and  in 
excess. 

Alcohol,  when  burned  in  the  air,  emits  but  little  light,  and 
s  wholly  converted  into  carbonic  anhydride  and  water,  depositing 
10  soot  upon  cold  bodies  which  are  introduced  into  its  flame. 
Two  volumes,  or  one  molecular  weight,  of  alcohol  vapour,  require 
or  complete  combustion  three  times  its  bulk,  or  six  volumes,  of 
>xygen;  C^R fi -t  ^0^  =  2C0^-h  ^Rp.  When  the  vapour  of 
tlcohol  is  passed  through  a  red-hot  tube  it  is  decomposed,  the 
)roducts  varying  with  the  temperature  employed :  at  low  tem- 
)eratures,  water,  carbonic  oxide,  methane,  ethylene,  and  acetylene 
-ppear  (Berthelot) ;  at  a  bright  red  heat  carbon  is  deposited,  and 
ree  hydrogen  produced. 

When  alcohol  is  exposed  to  the  atmosphere,  it  attracts 
Qoisture  from  it,  and  when  mixed  with  water  it  contracts  in 
ulk,  whilst  heat  is  at  the  same  time  developed :  the  observed 
ensity  of  the  mixture  of  alcohol  and  water  being  greater  than 
ts  calculated  mean  density.  According  to  Rudberg,  the  con- 
ensation  is  greatest  when  53*739  measures  of  alcohol  and 
9*836  of  water  are  mixed  at  15^  (59°  F.)  :  these  proportions  cor- 
espond  to  C2HgO-|-30H2 ;  when  cooled  again  to  15°,  this  mixture 
iccupies  only  100  measures  instead  of  1 03*575,  and  has  a  sp.  gr. 
f  0*927  (see  also  Diipre  and  Page,  Trans.  R.  Soc,  1861,  591). 
Vom  the  importance  of  alcohol  as  an  exciseable  article,  great 
ibour  has  been  bestowed  upon  the  means  for  readily  determining 
:s  percentage  in  spirituous  liquors.  The  method  in  common  use 
)r  distilled  spirits  consists  in  determining  the  specitic  gravity  by 
leans  of  a  sensitive  hydrometer ;  and  tables  have  been  con- 
:ructed  for  showing  the  percentage  of  alcohol  in  mixtures  of 
ariuus  densities.  In  these  cases,  great  attention  must  be  paid  to 
le  temperature,  since  slight  ditt'erences  in  this  particular  make  a 
laterial  variation  in  the  density.      The  term  proof  spirit,  in  con- 
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stant  use  amongst  the  excise,  is  defined  by  an  Act  of  Parliament 
{^S  George  III.),  to  be  "  such  as  shaJl  at  the  temperature  of 
51°  F.  (jo°'5  C.)  weigh  exactly  twelve-thirteenth  parts  of  an  equal 
measure  of  distilled  water/'  It  consists  of  water  5076,  alcohol 
49*24  by  weight,  and  indicates  alcohol  of  sp.  gr.  0*920  at  i^°6 
(60°  F.),  (o"9]984  ;  Drinkwater).  The  term  derives  its  origin 
from  the  rude  method  of  proof  formerly  in  use,  in  which  gun- 
powder was  moistened  with  the  spirit  of  wine  to  be  tried,  and  the 
alcohol  ignited ;  if  it  fired  the  powder  it  was  said  to  be  over  proof, 
but  if  the  spirit  burnt  off  and  left  the  powder  damp,  it  was  con- 
sidered to  be  under  proof;  the  weakest  spirit  capable  of  thus 
firing  powder  had  a  sp.  gr.  of  about  0920.*  Every  additional 
o*5  per  cent,  of  absolute  alcohol  above  0920  is  said  to  be  one 
degree  over  proof. 

Alcohol  is  a  solvent  of  great  value  to  the  chemist,  as,  owing 
to  its  volatility  it  is  easily  expelled  by  a  gentle  heat,  leaving  the 
substances  which  it  previously  held  in  solution  in  a  pure  state. 
In  some  cases,  however,  it  exerts  a  chemical  action  upon  the 
bodies  which  it  dissolves.  Many  of  the  gases  are  freely  soluble 
in  alcohol ;  some  of  them,  as,  for  instance,  nitrous  oxide,  carbonic 
anhydride,  phosphuretted  hydrogen  and  cyanogen,  and  the  hydro- 
carbons, are  dissolved  by  it  more  readily  than  by  water.  Iodine 
and  bromine  are  also  readily  soluble  in  it,  but  their  solutions 
gradually  undergo  decomposition,  in  consequence  of  the  action 
of  iodine  and  bromine  on  the  alcohol.  Absolute  alcohol  dis- 
solves small  quantities  of  phosphorus  and  of  sulphur.  The 
alkaline  sulphides,  as  well  as  potassic  and  sodic  hydrates,  are 
soluble  in  it  to  a  very  large  extent ;  and  ammoniacal  gas  is  absorbed 
by  it  nearly  as  readily  as  by  water ;  it  does  not  dissolve  the  car- 
bonates of  the  alkalies,  however.  Alcohol  likewise  freely  dissolves 
many  organic  bodies,  such  as  the  resins,  tlie  essential  oils,  the 
vegetable  alkaloids,  and  many  of  the  vegetable  acids.  It  also 
dissolves,  more  sparingly,  sugar,  and  the  potash,  soda,  and 
ammonia  soaps  ;  but  the  fats  and  fixed  oils,  wdth  the  excep- 
tion of  castor  oil,  are  dissolved  by  it  only  in  small  quantities. 
Alcoholic  solutions  of  potassic  and  sodic  hydrate,  which,  if 
concentrated,  chiefly  contain  potassic  and  sodic  ethylate,  act 
powerfully  as  reducing  agents  upon  many  metallic  solutions, 
such  as  those  of  platinum;  they  gradually  absorb  oxygen  from 
the  air,  and  become  brown,  owing  to  the  formation  of  a  resiuoid 


*  In  the  Appendix  two  tables  of  the  strength  of  alcohol  at  different  specific 
gravities  will  be  found. 
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ubstance.  When  dropped  upon  fused  potassic  hydrate,  alcohol 
s  decomposed,  hydrogen  being  evolved,  and  potassic  acetate 
irodnced  : 

CH3.CH2(OH)   +    KHO   :=  CH3.COOK   -f    2H2. 

Alcohol.  Potassic  acetate. 

lodium  and  potassium  dissolve  readily  in  alcohol  with  evolution 
■f  hydrogen  and  considerable  rise  of  temperature,  forming  sodic 
r  potassic  ethylate,  but  these  substances  separate  from  the 
olution  in  colourless  crystals  in  combination  with  alcohol,  the 
odium  compound  as  C2H50Na4-3C2HgO. 
D  Chlorine  attacks  anhydrous  alcohol  with  great  energy,  chloral 
'  \lcoholate  being  the  ultimate  product,  whilst  large  quantities  of 
thylic  chloride  are  simultaneously  produced. 

The  formation  of  chloral  alcoholate  is  undoubtedly  the  end  result  of  a  long 
eries  of  changes,  the  first  of  which  it  may  be  supposed  takes  place  in  accordance 
nth.  the  equation  : 

CHg.CH.lOH)    +    CI,   =    CH3.CHC1(0H)    +    HCh 

'he  product  of  this  reaction  probably  then  enters  into  reaction  with  alcohol  in 
he  following  manner  : 

CH3.CHC1(0H)    +   C,H^.OH    -    CH3.CH  |  ^^A    +    hCI; 

nd  by  the  prolonged  action  of  chlorine  on  this  compound,  chloral  alcoholate  is 
mally  produced  : 

CH3.Ch|^^A    +    3Cl^    =    CCVCHJ^^A    +    3HCI. 

The  hydrochloric  acid  generated  in  these  reactions  converts  a  portion  of  the 
ilcohol  into  monochlovethane  or  ethylic  chloride,  C^H^.OH  +  HCI  =  C^H^Cl  -4- 
)H  ,  and  by  the  action  of  chlorine  on  this  body,  higher  chlorinated  derivatives 
)f  ethane  are  formed  and  occur  in  the  product. 

Although  chloral  alcoholate  is  the  chief  product  of  the  action  of  chlorine  on 
inhydrons  alcohol,  apparently  chlorinated  acetals  are  formed  and  probably  also 
rhlorinated  derivatives  of  ethylic  ether,  and  perhaps  also  chloral  (Lieben,  Deut. 
Ckem.  Ges.  Ber.,  iii.  907). 
.  j  By  the  action  of  chlorine  on  aqueous  alcohol,  similar  products  are  obtained, 
but  in  addition,  in  the  early  stages  of  the  action,  aldehyde,  acetic  acid,  ethylic 
acetate  and  acetal  are  formed.  The  aldehyde  is  probably  produced  from  the 
iompound  CH^.CHC^OH),  which  loses  a  molecule  of  hydrochloric  acid;  and 
the  acetal  is  perhaps  formed  in  the  manner  indicated  by  the  equation  : 
CH3.CHC1(0H)    +    2C,H..0H    =   CH3.CH(0C,HJ^   +    HCI    +    OH,. 

Bromine  acts  in  a  similar  manner,  but  less  violently  (see 
Bromalj.  The  action  of  iodine  on  pure  alcohol  is  very  slow,  but 
ethylic  iodide  seems  to  be  produced  ultimately ;  in  the  presence 
of  an  alkali,  however,  iodoform  is  rapidly  formed,  and  Lieben 
has  utilized  this  reaction  as  an  extremely  delicate  test  for  alcohol. 
The  liquid  under    examination  is  heated  in  a  test  tube,- and  a 
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little  iodine  and  potassic  hydrate  solution  is  then  introduced :  if 
alcohol  is  present  a  yellow  crystalline  precipitate  consisting  of 
minute  hexagonal  plates  or  six-rayed  stars  of  iodoform  soon 
makes  its  appearance.  This  test  is  capable  of  detecting  i  part 
of  alcohol  mixed  with  10,000  of  water  (Hager,  Zeits.  anal.  Chem.^ 
ix.  492).  Alcohol,  when  slowly  oxidized  in  contact  with  the  air, 
by  means  of  platinum  black  for  instance,  yields  aldehyde, 
CH3.COH,  acetal,  CH3.CH(OC2H5)2,  acetic  acid,  and  ethylic 
acetate.  This  action  may  be  readily  observed  by  placing  a  coil 
of  platinum  wire  round  the  wick  of  a  spirit  lamp  and  igniting 
the  lamp  ;  as  soon  as  the  portion  of  the  coil  above  the  wick  is 
red-hot  the  flame  is  blown  out,  when  the  wire  will  continue  to 
glow  from  the  heat  developed  by  the  slow  combustion  of  the 
alcohol,  producing  aldehyde,  &c.  Alcohol  is  oxidized  to  aldehyde 
by  chromic  acid  mixture,  but  if  an  excess  of  the  reagent  be  em- 
ployed  it  is  completely  converted  into  acetic  acid.  When  alcohol 
is  slowly  added  to  a  well  cooled  mixture  of  concentrated  nitric 
and  sulphuric  acids,  ethylic  nitrate,  CgH^.NOg,  is  produced,  and 
this  compound  is  also  obtained  when  alcohol  is  distilled  with  con- 
centrated nitric  acid  and  urea ;  but  concentrated  nitric  acid 
alone  acts  very  violently  on  alcohol,  and  chiefly  oxidation  pro- 
ducts, such  as  aldehyde,  and  formic,  acetic,  glycollic,  glyoxylic 
and  oxalic  acids,  and  glyoxal,  are  formed,  together  with  a  small 
quantity  of  ethylic  nitrate  and  ethylic  nitrite  (see  Glyoxylic  Acid). 
Concentrated  sulphuric  acid  reacts  with  alcohol,  forming  hydric 
ethylic  sulphate:  C2H,.OH  +  H2S04=C2H5.HS04-f-OH3.  Simi- 
larly, by  the  action  of  phosphoric  acid  on  alcohol  ethylic  dihydric 
phosphate,  CgHg.HgPO^,  is  produced;  and  by  the  action  of  phos- 
phoric anhydride  a  mixture  of  diethylic  hydric  phosphate  and 
triethylic  phosphate  is  formed.  The  haloid  acids  are  readily 
absorbed  by  alcohol,  and  when  the  solution  is  heated,  monohaloid 
derivatives  of  ethane  are  obtained  : 

C2H5.OH    +    HCl   =   CgH^Cl   +   OHg. 

Ethylic  hydrate.  Chlorethane. 

When  anhydrous  alcohol  is  added  to  phosphorous  chloride 
the  following  reactions  are  observed  according  to  the  propor- 
tions in  which  they  are  mixed  (Wichelhaus,  Ann.  Chem.  Fharm. 
Sup.,  vi.  257)  : 

PCI3   +   CgH^.OH    =   PCl^.OCgHg   +    HCl. 

PCI2.OC2H5    +    C2H5.OH   =  VCl(OC,U,\   +    HCl. 

PCKOC^HJ^   +    C^H^.OH   =  P(OC2H,)3  +    HCl. 
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f  the  alcohol  contains  water,  secondary  products  are  formed  by  its 
ction  on  the  chlorides ;  for  example  : 

PCl^.OC^H^    +    2OH2   =    PO^H^.OC^H.   +    2HCI. 

Mmilar  reactions  occur  with  phosphoric  oxy chloride,  POCI3.  By 
he  action  of  phosphoric  pentachloride  on  alcohol,  phosphoric 
IX y chloride,  chlorethane,  and  hydrochloric  acid  are  produced,  the 
eaction  being  precisely  similar  to  that  which  occurs  when  water 
j^lecomposes  the  chloride  : 

PCI5   +   C2H3.OH   =  POCI3   +   C2H5CI   +   HCl. 
PCI5   +   OHg  =  POCI3   +   HCl   +    HCl. 

'he  bromides  and  iodides  of  phosphorus  behave  similarly. 

When  anhydrous  alcohol  is  added  to  well  cooled  thiosulphurous 
Moride,  S^Clg,  it  is  at  once  acted  upon,  hydrochloric  acid  and  sul- 
phurous anhydride  gases  being  evolved,  whilst  the  residue  contains 
jMorethane,  ethylic  sulphite,  traces  of  mercaptan  and  sulphur 
Carius,  Jnn,  Chem.  Pharm.,  cvi.  291).  The  manner  in  which 
hese  various  products  are  formed  is  not  thoroughly  understood, 
mt  probably  the  following  equations  represent  the  reactions 
irhich  occur : 

a.   CgH-.OH    +    S2CI2   =    C2H3.SH    +   SOClg; 

Alcohol.    Thiosulphurous  chloride.  Mercaptan.      Sulphurous  chloride. 

/3    aC.Hj.SH  +  SOClj  =  SO{BC^Vi,\   +  2HCI; 
•y.  SO(SO,HJ,    +    SOCl,  =    SO,  +  3S    +   2C,H,C1. 

By  the   action   of  chlorhydric  sulphate   on   alcohol,  diethylic 
alphate  is   produced   (Magurowska,  Journ.    Pr.  Chem.    [2],  xiii. 
158)  : 
zC^H.-OH   f   SO3CI.OH  =  SO^{OC,U,),  +   OH2   -f   HCl. 

Alcoholates. — Alcohol  not  only  dissolves  many  of  the  deliques- 
ent  salts,  but  also  combines  with  various  saline  bodies  in  definite 
)roportions,forming  crystallizable  compounds,  in  which,  as  Graham 
)ointed  out,  the  alcohol  acts  in  the  same  way  as  water  of  crys- 
:alUzation.  The  calcic  chloride  compound,  for  instance,  has  the 
'orraula  CaCl^  4- 4CoHgO ;  the  zincic  chloride  compound  the 
ormula  ZnCl2  +  2C2HgO,  whilst  the  baryta  compound  is 
l)aO  +  2C2HgO.  Magnesic  and  calcic  nitrates,  ferrous  and  ferric 
chlorides,  manganous  and  stannic  chlorides  also  form  crystallizable 
.'ompounds  with  alcohol. 

By  cooling  mixtures  of  alcohol  and  water  containing  not  less 
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til  an  about  40  per  cent,  of  alcohol  in  a  bath  of  solid  carbonic 
anhydride  and  ether  a  crystalline  hydrate  of  alcohol, 
(\,1I|,0 +4OII.,,  is    obtained;  this    substance    melts    constantly  at 

—  34°  {  —  2(f-2  F.)    (Guthrie^  Plnji^.  Soc.  Proc,  1875.  p,  94). 

JIif/^//Iated  Sj>ir/f. — Tlie  nietliylated  spirit  of  coinmerce  consists  of  a  mixture 
ci' alcohol  ol"  sp.  yi-.  0"830  with  to  per  c(Mit.  of  common  wood  spii-it.  I'his  addi- 
tion of  wood  spirit  scarcely  interferes  with  the  eni})loyment  of  the  spirit  as  a 
solvent,  although  it  renders  it  too  uni)alatahle  to  be  nsed  as  a  stimulant;  it  was 
Mtided  to  facilitate  the  use  of  spii'it  in  the  arts  without  inilictini^  ii'j'H'J  on  the 
revenue  ;  amongst  other  advantages,  tlu>  aid  it  has  all'orded  in  facilitating 
researches  in  organic  chemistry  in  this  country  is  very  considerable.  The 
(•H'ensive  odour  may  be  removed  by  prolongi'd  contact  with  charcoal,  as  has  been 
o'lown  by  ^Ir.  Eschwege,  but  this  is  not  permitted  by  the  excise. 

W'tjics.  Fermented  lAquors,  and  Spir/f.s. — The  various  kinds  of  spirits  in 
use  derive  their  names  from  accidental  circumstances — often  from  the  flavour 
M'hitdi  they  possess,  For  instance,  (/i)i  is  s})irit  llavt)ured  by  distilling  it  with 
juniper  berries;  peppermint  owes  its  aroma  to  the  essential  oil  of  the  plant  after 
v.hich  it  is  named  ;  udiisl'i/  is  Sj)irit  distilled  tVom  wort  prepared  trom  malt 
which  has  been  dried  over  a  peat  lire,  to  which  its  peculiar  ilavonr  is  due ; 
^rrracl'  is  a  spirit  distilled  from  fermented  rice;  and  rum.  a  West  Indian  product, 
irom  molasses  ;  brandy  is  really  the  '  spirit  of  wine,'  being  obtained  from  wines 
by  distillation,  and  coloured  more  or  less  dee})ly  with  burnt  sugar.  In  all  these 
tjases  the  characteristic  flavour  depends  upon  a  small  quantity  of  some  volatile  oil  or 
comjiound  ether,  which  pa-ses  over  with  the  s])irit  during  the  process  of  distillation. 

The  varieties  of  spirits  are  very  numerous,  and  those  of  fermented  liquors 
M-hicli  are  used  without  subjecting  them  to  distillation,  are  still  greater.  To 
this  class  belong  all  the  diiferent  kinds  of  wine,  wdiicli  owe  their  peculiarities  of 
liavour  ])artly  to  the  diiferent  varieties  of  grape,  of  v>Tiich  500  or  600  are  culti- 
vated, and  partly  to  the  different  llavoin-  which  even  the  same  variety  of  grape* 
})0ssesses  when  grown  in  ditl'erent  clinuites,  or  even  on  a  ditl'erent  soil  The 
grajjes  grown  in  the  hottest  climiites  furnish  the  sweetest  juice,  but  not  neces. 
.sailly  the  wines  of  liuest  quality;  and  the  flavour  is  also  nuiterially  inlluenced 
by  the  manner  in  which  the  wine  is  prepared.  For  example,  when  fermentation 
is  allowed  to  proceed  until  almost  all  the  sugar  is  transfoi'med  into  spirit,  a  dry 
wine  is  produced  ;  wiien  checked  before  this  point  is  reached,  the  result  is  a  rich 
i'ruitv  wine;  and  when  bottled  whilst  the  fermentation  is  still  jiroceeding,  a 
brisk  eil'ervescent  wine  like  champagne  is  the  result.  It  is  the  usual  practice  to 
a  Id  more  or  less  of  a  solution  of  })ure  beet  or  c  me  sugar  to  champagne  before  it  is 
finsilly  ready  for  the  market.  According  to  the  experiments  of  Ik'uce  Jones,  claret, 
ISurgundy,  and  the  wines  of  tin;  Rhine  ar,d  the  Moselle,  contain  scarcely  any 
sugar  ;  sherry  yields  I'rom  i  to  5  \wy  cent.,  ]H)rt  from  3  to  7  ]ier  cent.,  and 
'Tokay  as  much  as  17  per  cent,  ol' sugar.  The  change  of  ilavonr  conse(pient  on 
tlic  ai^eing  of  wine,  depends  partly  upon  the  gradual  fermentation  of  sugar  still 
retained  in  rich  wines,  and  partly  upon  the  slow  separation  ol'  saline  matter, 
j)rincipally  in  the  form  of  hydric  ])Otassic  tartrate,  KIICJI/K.  which  brcomcs 
j<'ss  soUdjle  as  the  proportion  of  spirit  increases,  and  is  de])osited,  particularly 
from  port  wines,  as  a  crust  of  tartar  upon  the  sides  of  the  bottle.    An  imjjortant 

*  A  certain  variety  of  grai)e  wIh'U  grown  u))on  the  Fhine  furnishes  a 
species  of  Jlo(d<  ;  the  same  grape  when  raised  in  the  valley  of  the  Tagus  viclds 
ihici'jhis;  whilst  in  tin*  island  of  ]\ladeira  il  jm  duces  the  wine  known  as 
Kercial,  which  has  a  liavour  quite  diiferent  from  either  of  the  others. 
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part  of  the  change  of  flavour  appears  also  to  be  owing  to  the  slow  formation  of 
minute  quantities  of  fragrant  and  aromatic  ethers,  which  are  gradually  produced 
by  the  action  of  the  acids  present  on  the  alcohols  in  the  wine. 

Some  wines,  instead  of  improving,  become  ropy  by  keeping.  This  occurs 
ooly  with  sweet  wines,  and  is  due  to  a  peculiar  species  of  fermentation  in  which 
the  sugar  passes  into  the  uncrystallizable  form  of  mucilage. 
'  The  colour  of  the  wine  is  dependent  upon  the  mode  in  which  the  fermenta- 
tion is  effected.  Red  grapes  may  be  made  to  yield  a  '  white'  wine  if  the  husks 
of  the  grape  be  removed  from  the  must  before  the  fermentation  begins,  as  in  the 
preparation  of  champagne  and  sherry ;  but  if  the  skins  be  lelt  in  the  fermenting 
mass,  the  alcohol,  as  it  is  formed,  dissolves  the  colouring  matter,  producing  the 
different  shades  of  'red'  wine.  During  the  preparation  of  red  wines,  the  skins 
and  stalks  rise  to  the  surface  of  the  fermenting  mass  and  form  the  chapeau, 
which  is  removed  from  the  fermenting  juice  at  an  earlier  stage  in  the  makino-  of 
clarets  than  in  the  preparation  of  ports,  and  this  is  one  reason  why  port  is  the 
more  astringent  wine  of  the  two. 

The  process  of  fernventation  in  making  wine  is  much  more  gradual  and  pro- 
tracted than  in  the  preparation  of  malt  liquors.  After  the  grapes  have  been 
trodden  in  the  press,  the  juice  passes  to  the  fermenting  vessels  :  no  addition  of 
yeast  is  necessary,  as  after  a  short  time  a  copious  deposit  of  ferment  granules 
or  yeast  occurs  spontaneously.  The  fermenting  vats  are  so  constructed  that 
when  the  active  stage  of  the  fermentation  is  over,  they  can  be  loosely  closed  by 
a  bung.  As  soon  as  the  winter  frost  sets  in,  the  wine  is  decanted  from  the  lees 
into  casks,  which  are  completely  filled,  and  then  closed  with  care.  In  order  to 
supply  the  loss  from  leakage  or  evaporation,  the  casks  are  carefully  filled  up  at 
intervals.  Here  a  secondary  very  gradual  fermentation  occurs,  which  require* 
careful  watching ;  exclusion  of  the  air  at  this  stage  being  indispensable  in  order 
to  prevent  the  wine  from  becoming  sour,  from  the  formation  of  acetic  acid  by  the 
oxidation  of  the  alcohol. 

Sometimes  a  wine  acquires  a  peculiar  flavour  known  as  the  '  taste  of  the 
cask.*  This  is  attributed  to  the  development  of  a  peculiar  essential  oil  during 
the  growth  of  fungi,  or  'mould,'  upon  the  surface  of  the  wine  {?).  It  is  said 
that  it  may  be  removed  by  adding  to  each  pipe  about  a  quart  of  olive  oil, 
which  dissolves  the  obnoxious  flavouring  matter,  and  carries  it  with  it  to  the 
surface. 

It  is  obvious  that  in  wines  and  other  fermented  liquors  which  have  not  been 
submitted  to  distillation,  all  the  soluble  matter  of  the  fruit  is  present  in  the 
beverage.  Other  saccharine  juices  besides  that  of  the  grape,  admit  of  being  fer- 
mented, and  thu«  a  great  variety  of  drinks  may  be  produced.  Beer  and  ale,  for 
example,  consist  of  an  infusion  of  malt,  flavoured  by  the  aromatic  bitter  of  the 
hop,  and  subsequently  fermented.  The  different  kinds  of  porter  and  stout  are 
prepared  in  much  the  same  way,  and  owe  their  dark  colour  and  peculiar  flavour 
to  the  use  of  high-dried  malt ;  cider  is  the  fermented  juice  of  the  apple  :  perry 
is  a  similar  liquid  obtained  from  tlie  pear ;  and  nearly  every  fruit  may  be  made 
to  yield  similar  beverages.  Even  savage  nations  evince  a  knowledge  of  this 
fact.  The  natives  of  the  islands  in  the  Pacific,  when  discovered  by  Cook,  not 
only  knew  how  to  prepare  an  intoxicating  liquor  from  the  juice  of  the  cocoa- 
nut,  but  they  were  accustomed  to  rectify  it  by  a  rude  process  of  distillation. 

Since  foreign  matters  are  present  in  all  fermented  liquors,  the  specific  gravity 
would,  except  in  special  cases,*  be  no  guide  to  the  quantity  of  spirit  contained  in 


*  See  "  Report  on  Original  Gravities"  by  Graham,  Hofmann,  and  Redwood 
(Journ.  Chem.  Soc,  v.  229). 
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them.  A  simple  means  of  overcoming  this  diflSculty  was  successfully  practised 
by  Brande : — Potassic  carbonate  is  soluble  in  water,  but  insoluble  in  alcohol : 
so  that  when  dry  potassic  carbonate  in  powder  is  added  to  a  mixture  of  alcohol 
and  water  until  it  ceases  to  be  dissolved  on  agitation,  the  water  becomes  saturated 
with  the  salt,  and  the  liquid  separates  into  two  layers,  the  upper  of  which  con- 
sists of  alcohol  of  sp.  gr.  0'825.  By  employing  a  graduated  tube  for  the  ex- 
periment, the  volume  of  alcohol  which  is  contained  in  a  known  bulk  of  any  wine 
or  liquor  may  be  read  off  at  once  by  inspection. 

Christison  submitted  different  wines  to  distillation,  in  order  to  determine 
their  percentage  of  alcohol ;  he  thus  obtained  a  series  of  results,  the  most  im- 
portant of  which  are  embodied  in  the  following  Table.  The  numbers  represent 
the  weight  of  absolute  alcohol  contained  in  100  parts  of  each  variety  of  wine 
or  fermented  liquor.* 


Port       .     . 

from  14*97  to  17-10 

Amontillado  . 

Dry  Lisbon 

16  14 

Claret  .     .     . 

Madeira 

from  1409  to  16-90 

Hambacher    . 

Sherry  . 

„      13-98  „   16-17 

Rudesheimer  . 

Teneriffe     . 

J3"64 

Edinburgh  ale 

Shiraz    . 

12-95 

Best  London 
porter  . 

Malmsey     . 

12-86 

12-63 

from  7-72  to  8-99 

rss 

from  6-90  to  8-40 
„     5-70  „  6-o6 

536 


(1428)  Propylic  or  Tritylic  Alcohols:  C3H^.OH  =  6o.~ 
The  only  two  isomeric  alcohols  of  the  composition  CgH^.OH 
which  according  to  our  present  theory  can  exist  have  been 
obtained,,  viz. : 


Primary  propylic  alcohol  or  ethylcarbinol  . 

Secondary  „  „  dimethylcarbinol      CH(CHJ2.0H 


CH„.CH,.CH,.OH 


B.P.  °  C. 

97°-4 
82°-8 


The  former  is  ordinarily  termed  propylic,  and  the  latter  isopro- 
pylic  alcohol.  They  may  also  be  distinguished  as  a-  and  (5- 
propylic  alcohols,  and  their  derivatives  as  a-  and  /3-propyl 
derivatives.  No  compounds  capable  of  yielding  propylic  alcohol 
are  produced  naturally,  although  propyl  derivatives,  such  as 
cymene  or  propylmethylbenzene,  CgH^.CgH^.CHg,  and  thymol  or 
propylmethylphenol,  C3H^.CgH3(OH).CHg,  are  met  with  in  certain 
plants  ;  neither  has  it  been  conclusively  proved  that  isopropyl 
compounds  occur  naturally,  although,  as  already  pointed  out 
(p.  293),  it  is  not  improbable  that  some  few  at  least  of  the 
terpenes  are  isopropyl  derivatives. 

(i4^2(^)  Primary  Propylic  Alcohol  or  Ethylcarbinol:  CoH..CH2(OH). 
— This  alcohol  may  be  prepared  in  a  variety  of  ways  :  from  pro- 
pane, propionic  aldehyde,  propionic  anhydride,  and  propylamine, 


*  Full  information  on  the  subject  of  wines  may  be  derived  from  Dupre  and 
Thudicum's  work  on  wines. 
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by  the  general  methods  already  described,  but  it  is  most  con- 
veniently obtained  from  the  crude  spirit  resulting  from  the 
fermentation  of  saccharine  solutions,  by  the  fractional  distillation 
of  that  portion  which  remains  after  separating  the  greater  part  of 
the  ethylic  alcohol.  It  is  especially  abundant  in  the  spirit 
obtained  by  fermenting  cider  (Pierre  and  Puchot_,  Ann.  Chem. 
Pharm.,  clxiii.  253). 

The  complete  separation  of  the  alcohol  from  its  homologues  by  fractional 
distillation  is  extremely  difficult  however,  if  not  impossible;  so  that,  to  obtain 
the  pure  alcohol,  it  is  necessary  to  convert  the  fraction  obtained  by  rectification 
into  a  derivative  of  high  boiling  point,  such  as  propylic  benzoate,  by  transforming 
it  first  into  iodopropane  or  propylic  iodide  by  the  aid  of  hydriodic  acid,  and  then 
into  the  benzoate  by  reacting  with  this  compound  upon  argentic  benzoate. 
After  purification  by  fractional  distillation,  the  propylic  benzoate  is  saponified 
with  potassic  hydrate,  the  alcohol-  dried  over  ignited  potassic  carbonate,  and 
rectified ;  it  is  then  finally  distilled  from  anhydrous  baryta. 

(1430)  Propylic  alcohol,  according  to  Linnemann  {ibid., 
clxi.  26),  is  a  colourless  highly  refractive  liquid,  possessing  a 
strong  alcoholic  odour,  of  the  specific  gravity  -8065  at  15°  (59"  F.) ; 
it  boils  at  97°'4  (207°'3  F.).  It  burns  with  a  smokeless  but 
highly  luminous  flame;  it  is  soluble  in  all  proportions  in  water, 
but  may  be  separated  by  the  addition  of  easily  soluble  salts,  such 
as  calcic  chloride  or  potassic  carbonate ;  it  appears  to  form  a 
hydrate,  CgHgO  +  OHg,  which  boils  constantly  at  about  87° 
( 1 88^-6  F.)  under  the  ordinary  pressure.  Propylic  alcohol 
exhibits  all  the  properties  characteristic  of  ethylic  alcohol ;  when 
oxidized  it  is  converted  first  into  propionic  aldehyde : 

CH3.CH2.CH^(OH)  +  (O  +  OH3)  =  CHg.CH^.COH   +  2OH2; 

Propylic  alcohoL  Propionic  aldehyde. 

and  subsequently,  on  further  oxidation,  into  propionic  acid, 
CgH-.COOH. 

Secondary  Propylic  Alcohol  or  Dimethylcarbinol :  CH(CH3)2.0H. 
'—This  alcohol  has  been  obtained  by  the  application  of  the  various 
general  methods  from  propane,  dimethylketone  or  acetone, 
isopropylic  iodide,  propylene,  and  isopropylamine ;  it  is  most 
readily  prepared  from  isopropylic  iodide  (from  glycerin,  q.v.)  by 
digesting  it  with  water  and  plumbic  hydrate  (p.  413). 

Like  ethylic  alcohol,  isopropylic  alcohol  combines  with  calcic  chloride,  and 
by  the  aid  of  this  compound  may  be  purified  from  such  substances  as  acetone. 
For  this  purpose,  the  impure  anhydrous  alcohol  is  mixed  with  finely-powdered 
anhydrous  calcic  chloride,  so  as  to  form  a  thick  paste:  combination  occurs  with 
development  of  heat,  and  the  mass  becomes  solid  ;  it  is  then  rapidly  pulverized, 
and  exposed  over  sulphuric  acid  in  vacuo,  until  only  a  dry  powder  remains,  from 
which  the  alcohol  is   separated  by  the  addition  of  water  and  distillation,  &o. 

F  P  2 
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Isopropylic  alcohol  has  a  great  attraction  for  water,  and  appears  to  form  several 
hydrates,  one  of  which,  2C3HgO  +  OH,,  has  the  same  percentage  composition 
and  about  the  same  boiling  point  as  ethylic  alcohol  :  the  water  cannot  be  sepa- 
rated from  this  hydrate  by  anhj'drous  cupric  sulphate,  and  in  order  to  dry  the 
alcohol  it  must  be  digested  with  anhydrous  potassic  carbonate,  and  afterwards 
with  ignited  baryta  in  closed  vessels,  at  the  temperature  of  boiling  water 
(Erlenme^'er,  ibid,  cxxvi.  308  ;  Linnemann,  ibid,  cxxxvi.  38  ;  clxi.  49). 

Isopropylic  alcohol  is  a  colourless  mobile  liquid,  possessing 
a  faint  alcoholic  odour,  soluble  in  all  proportions  in  water ;  it 
boils  at  82°'8  (t8i°-2  F.),  and  at  i6°  (6o°-8  R)  has  the  specific 
gravity  787.      On  oxidation  it  is  converted  into  acetone  : 

CHs.CH(0H).CH3  +   (O  +    OHJ    =   CH3.CO.CH3  4-   ^OH^; 

Isopropylic  alcohol.  Acetone. 

which,  on  further  oxidation^  yields  acetic  and  formic  acids.  On 
treatment  with  bromine,  isopropylic  alcohol  furnishes  isopropylic 
bromide  and  brominated  derivatives  of  acetone  (Friedel)  ;  the 
first  action  is  probably  similar  to  that  of  bromine  on  ethylic 
alcohol,  and  consists  in  the  formation  of  the  brominated 
alcohol : 

CH3.CH(OH).CH3   +    Brg   =   CH3.CBr(OH).CH3   +    HBr, 

which  at  once  splits  up  into  acetone  and  hydrobromic  acid ;  the 
former  is  converted  into  brominated  derivatives,  and  by  the  action 
of  the  latter  on  unattacked  alcohol  isopropylic  bromide  is  formed. 
The  action  of  the  halogens  on  propylic  alcohol  has  not  been 
examined. 

The  propyl  and  isopropyl  compounds  differ  remarkably  in 
their  properties :  the  latter  always  having  lower  boiling  points, 
and  being  less  stable  than  the  former.  The  behaviour  of  the 
isomeric  propylic  benzoates,  Cfi.^.QOOC^Yi^,  affords  a  striking 
illustration  of  this  :  propylic  benzoate  distilling  unchanged  at 
225°  (437°  F.),  whereas  isopropylic  benzoate  is  entirely  resolved' 
into  propylene  and  benzoic  acid  on  distillation  (Linnemann). 
Similarly,  isopropylic  iodide  is  rapidly  decomposed  by  zinc  alone 
at  its  boiling  point,  whilst  propylic  iodide  is  decomposed  very 
slowly  at  its  higher  boiling  point ;  the  former  is  decomposed  by 
the  copper- zinc  couple  at  about  50°  (122°  F.),  about  one-half 
being  split  up  into  permanent  gases  (propane  and  propylene), 
and  the  latter  at  about  80°  (176°  F.),  but  little  permanent  gas 
being  obtained.  In  the  presence  of  water  or  alcohol,  propylic 
iodide  is  decomposed  by  the  copper-zinc  couple  much  less  rapidly 
than  is  isoprop}lic  iodide,  the  gas  evolved  being  pure  propane  in 
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the  former  case,  but  propane  mixed  with  propylene  in  the  latter 
(Gladstone  and  Tribe,  Journ.  Chein.  Soc.j  xxvi.  961). 

Propylic  may  be  converted  into  isopropylic  alcohol  by  trans- 
forming it  in  succession  into  propylic  iodide  and  propylene,  com- 
bining the  latter  with  sulphuric  acid,  and  distilling  the  resulting 
hydric  isopropylic  sulphate  with  water;  on  the  other  hand,  we 
may  convert  isopropylic  into  propylic  alcohol  by  preparing  from 
it  the  iodide,  submitting  this  to  the  action  of  nascent  hydrogen, 
and  converting  the  propane  thus  formed  into  alcohols  by  the 
method  described  on  p.  408.  Linnemann  has  stated  that  when 
a  solution  of  propylamine  nitrite  is  decomposed  by  heat,  only 
isopropylic  alcohol  is  obtained,  but  the  recent  experiments  of 
Meyer  and  Forster  {Deut.  chem.  Ges.  Ber.,  ix.  535)  tend  to  show 
that  in  this  reaction  the  direct  conversion  of  the  propyl  into  the 
isopropyl  compound,  which  was  supposed  by  Linnemann  to  take 
place,  does  not  occur.  Thus  they  find  that  the  alcohol  from 
isopropylamine  nitrite  is  pure  isopropylic  alcohol  : 

CH(CH3)2.NH3(N02)   =   CH(CH3)2.0H    +   N^  +  OH^; 

Isopropylamine  nitrite.  Isopropylic  alcohol. 

but  a  portion  of  the  isopropylamine  escapes   decomposition,  and 
a  portion  of  the  compound  furnishes  propylene  : 

CH(CH3)3.NH3(NO,)   =   CH3.CHIZCH2   +   Ng  -h    aOH^, 

so  that  only  a  small  amount  of  alcohol  is  produced.  The  alcohol 
from  propylamine  nitrite  is  a  mixture  of  the  two  isomeric  alco- 
hols, containing  about  55—60  per  cent,  of  isopropylic  alcohol ;  a 
portion  of  the  propylamine  escapes  decomposition  and  a  consider- 
able amount  of  propylene  is  evolved.  In  order  to  explain  the 
formation  of  the  iso-alcohol,  Meyer  and  Forster  suppose  that 
part  of  the  nitrite  is  normally  converted  into  the  corresponding 
alcohol : 
CH3.CH3.CH2.NH3(N02)    =   CH3.CH2.CH3.OH    +  N2  +   OH2, 

another  portion  yielding  propylene : 

CH3.CH2.CH2.NH3(N02)    =  CHg.CHziCH^  +  N^  +   ^OH^;; 

and  that  part  of  the  propylene  so  formed  combines,  whilst  in  the 
nascent  state,  with  water,  producing  isopropylic  alcohol  :* 

CH3.CHZICH3   +   OH2  =  CH3.CH(OH).CH3. 


*  A  similar  explanation  may  he  given  of  the  conversion  of  propylene  bromide 
into  acetone,  observed  by  Linnemann  {Ann.  Chem.  Fharm.,  chi.  59),  whieb 
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(1431)  BuTYLic  OR  Tetrylic  Alcohols  :  €4119.011  =  74. — * 
The   four  possible  butylic  alcohols  of  the  formula  C^Hg.OH  are 

known  to  us — viz. : 

B.P.  °  c. 
Normal  primary  or  a-propylcarbinol      .     CH3.CH2.CH,.CH2.0H       117° 
Isoprimary  „  ^-propylcarbinol     .     CU{CHX^ii^-^B.  108° -4 

Secondary  ,,  ethjlmethylcarbinol     C2Hg.CH(CH3).OH  99° 

Tertiary  „  trimethylcarbinol    .     C(CH3)3.0H  82°-5 

Butyl  compounds  are  not  known  to  occur  naturally,  and  with  the 
exception  of  isoprimary  butylic  alcohol,  which  is  produced  in  the 
fermentation  of  saccharine  liquids,  these  alcohols  can  only  bo" 
obtained  by  artificial  methods. 

(1432)  Normal  Primary  or  a-Buiylic  Alcohol  or  a-PropyU 
carbinol:  C^li^\CE^{0}l)  or  CHg.CHg.CH^.CHgCOH).  —  This 
alcohol  has  been  prepared  from  butyric  aldehyde,  butyric  chloride, 
and  butyric  anhydride  by  the  ordinary  methods  (Lieben  and 
Rossi,  ibid. J  clviii.  137  ;  Linnemann,  clxi.  178  ;  Saytzefi*,  Journ. 
pr,  Chem.  [2],  iii.  82).  It  is  a  colourless,  highly  refractive  liquid, 
possessing  a  powerful  characteristic  odour,  and  burns  with  a 
highly  luminous  flame;  its  vapour  excites  coughing.  It  boils 
at  ii6°-9— 117°  (242°-4— 242°-6  F.),  and  at  0°  (32°  P.)  has  the 
specific  gravity  "824.  It  does  not  solidify  at  —22°  (  — 7°*6  F.). 
It  does  not  mix  with  water  in  all  proportions,  but  requires  twelve 
times  its  bulk  at  15°  (59°  F.)to  dissolve  it.  On  oxidation,  it  is 
converted  into  butyric  aldehyde,  CHg.CHg.CHg.COH,  and  butyric 
acid,  CH3.CH3.CH2.COOH. 

(1433)  Isoprimary  or  ^-Butylic  Alcohol,  ho-  or  ^-Propylcar- 
binol:  C3H/.OH  or  CH(CH3)2.CH2(OH).— This  alcohol  is  always 
prepared  by  fractional  distillation  of  fusel  oil,  but  it  has  been 
obtained  from  isobutyric  aldehyde  by  the  action  of  nascent 
hydrogen,  and  from  isobutylene,  (CH3)2CIZCH2,  by  combining  it 
with  hypochlorous  acid  and  reducing  the  resulting  compound 
with  nascent  hydrogen.  It  closely  resembles  the  normal  primary 
alcohol,  but  boils  at  io8°-4  (227°-!  F.),  and  at  j8°  (64°-4  F.) 
has  the    specific  gravity  '800  (the  specific  gravity  of  the  normal 


apparently  ia  an  abnormal  reaction,  involving  intramolecular  change ;  it  may  be 
supposed  that  a  bromopropylene  is  first  i'ormed  : 

CH3.CHBr.CH,Br    =    CHj.CBrZlCH,    +    HBr, 

and  that  this  combines  with  water,  the  resulting  compound,  however,  being  at 
once  spUt  up  into  acetone  and  hydrobromic  acid : 

CH3.CBrnCH,    +    HOH   =    CH3.CBr(0H).CH^, 
CH,.CBr(OH}.CH,   ==   CH^.CO.CH,   +    HBr. 
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alcohol  at  20°  (68°  F.)  is  '810)  ;  it  dissolves  in  about  ten  times  its 
bulk  of  water  at  15°  (59°  F.).  Isobutylic  alcohol,  as  this 
alcohol  is  ordinarily  termed,  furnishes  isobutyric  aldehyde, 
CH(CH3)2.COH,  and  isobutyric  acid  on  oxidation. 

(1434)  Secondary  or  y-Butylic  Alcohol  or  Ethylmethylcarbinol : 
C2H5.CH(CH3).OH. — This  alcohol  is  usually  prepared  from 
secondary  butylic  iodide  or  -y-iodotetrane^  CHg.CHgCHI.CHg, 
which  may  be  produced  in  a  variety  of  ways  :  from  erythrite, 
from  the  dichlorinated  ethers  (p.  411,  and  Lieben,  Ann.  Chem. 
Fharm.f  cl.  87),  and  by  combining  a-butylene  with  hydriodic 
acid.  The  alcohol  has  also  been  produced  by  the  action  of 
nascent  hydrogen  on  ethylmethylketone,  CgH^.CO.CHg,  and  by 
the  action  of  zincic  methide  on  ethylic  formate  (p.  411),  or  of 
zincic  ethide  on  ordinary  aldehyde  (Wagner,  Ann.  Chem.  Fharm., 
clxxxi.  261),  the  product  being  subsequently  treated  with  water. 
This  last  reaction  probably  takes  place  in  the  manner  indicated 
j)y  the  following  equations  : 

CH..COH,+   Zn(C,HJ,  =   CH3.CHgA^^jj^. 

Aldehyde.  Ziucic  ethide. 

CH3.Ch|^A^^^^  +    2OH,   =   CH3.CH(0H).C,H,   +    Zn(OH),  +  C,H.. 

Methylethylcarbinol. 

It  is  of  especial  interest  as  it  serves  to  confirm  the  second 
explanation  given  on  p.  412  of  the  manner  in  which  the  tertiary 
alcohols  are  formed  from  the  acid  chlorides  and  zinc  organo- 
metallic  compound. 

Secondary  butylic  alcohol  is  a  colourless  liquid,  possessing 
a  pleasant  alcoholic  odour,  and  difficultly  soluble  in  water ;  it  boils 
at  about  99°  (210°- 2  F.),  and  has  the  specific  gravity  ^827  at  0° 
(32°  F.),  and  -81  at  22°  (7i°-6  F.)  (Lieben).  On  oxidation  it 
furnishes  ethylmethylketone  : 

CgH^.CHCOHj.CH^   +   (O  +  OH2)   =  C2H5.CO.CH3   +   2OH2; 

when  further  oxidized  this  ketone  yields  acetic  acid  only. 

(1435)  Tertiary  or  ^-Butylic  Alcohol  or  Trimethylcarbinol : 
C(CH3)3.0H.— This  alcohol  is  prepared  by  the  action  of  zincic 
methide  on  acetic  chloride,  and  subsequent  treatment  of  the  pro- 
duct with  water  (p.  412) ;  or  by  combining  the  so-called  isobuty- 
lene,  C(CHo). — CH.  with  sulphuric  acid,  and  distilling  the  re- 
sulting compound  with  water. 

At  ordinary  temperatures  trimethylcarbinol  forms  colourless 
prismatic  crystals,  which  melt  at  25°  (77°  F.) ;  the  liquid  alco- 
hol is  an  oily  fluid  of  peculiar  odour^  and   burns  with  a  smok^ 
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flame.  It  boils  at  82°-5  iiScT's  F.),  and  at  30°  (86°  F.)  has  the 
specific  gravity  '7788  (Butlerow).  It  is  soluble  in  all  propor- 
tions in  water,  and  forms  with  it  a  liquid  hydrate,  sC^HgO  +  OHj, 
which  crystallizes  below  0°  (32°  F.)  On  account  of  the  attrac- 
tion which  trimethylcarbinol  has  for  water,  it  is  extremely  diffi- 
cult to  completely  dry  it,  and  the  same  remark  applies  to  the 
isomeric  alcohols ;  the  last  traces  of  water  are  best  separated  by 
digestion  with  ignited  baryta.  On  oxidation,  tertiary  butylic 
alcohol  furnishes  a  mixture  of  isobutyric  and  acetic  acids,  acetone, 
isobutylene  and  carbonic  anhydride  (Butlerow,  Zeits.  Chem.  [2], 
vii.  484)  ;  probably  its  normal  oxidation  products  are  acetone 
and  formic  acid  : 

C(CH3)3.0H  +  3(0+OH2)  =  00(CH3)2  +  H.COOH  4-  4OH3; 

TrimethylcarbinoL  Acetone.  Formic  acid. 

and  from  these  compounds  respectively  acetic  acid  and  carbonic 
anhydride  are  formed  by  further  oxidation.  The  isobutylene  may 
be  regarded  as  the  product  of  a  secondary  reaction,  whereby  the 
alcohol  is  resolved  into  th^  olefine  and  water : 

C(CH3)3.0H  =   OH,   +    (CH3),C=:CH,; 

and  which  is  probably  the  result  of  the  dehydrating  action  exer- 
cised by  the  sulphuric  acid  present  in  the  oxidizing  mixture. 
The  formation  of  isobutyric  acid  may  be  explained  by  the  as- 
sumption that  a  portion  of  the  isobutylene  thus  formed  combines 
with  water  producing  isobutylic  alcohol,  which  is  then  oxidized 
to  isobutyric  acid.  The  amount  of  isobutylene  and  isobutyric 
acid  produced  is  relatively  very  small,  and  their  formation  is  by 
no  means  surprising,  since  trimethylcarbinol  is  very  easily  resolved 
into  the  olefine  and  water,  and  isobutylene  readily  combines  with 
water  under  the  influence  of  acids  ;  the  only  objection  to  this 
explanation  is  that  whenever  isobutylene  enters  into  combina- 
tion with  other  substances,  such  as  the  haloid  acids  and  sul- 
phuric acid,  for  example,  it  always  furnishes  compounds  capa- 
ble of  yielding  tertiary  butylic  alcohol,  but  it  cannot  be  said 
that  this  must  be  the  case  under  all  conditions,  as  the  circum- 
stances under  which  experiments  have  hitherto  been  made  are 
very  similar. 

When  chlorine  is  passed  into  trimethylcarbinol,  at  a  gentle 
heat,  until  no  further  action  takes  place,  it  is  chiefly  con- 
verted into  a  body  having  the  composition  of  a  pentachloro- 
butylene,  C^HgCl.  {Deut.  chem.  Ges.  Ber.,  viii.  1017);  it  is 
probable,  therefore,  that  chlorinated  derivatives  of  the   alcohol 
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are  formed  which  decompose  into  water  and  chlorinated  deri- 
vatives of  isobutylene.  The  action  of  the  halogens  on  the  iso- 
meric alcohols  has  not  been  examined. 

The  stability  of  the  isomeric  butylic  alcohols  appears  to  vary 
directly  as  their  boiling  points,  and  to  diminish  as  the  boiling  point 
diminishes  ;  the  same  being  true  of  their  derivatives.  Thus  the 
elements  of  water  are  very  readily  abstracted  from  the  tertiary 
alcohol  by  the  action  of  dehydrating  agents,  but  less  readily 
from  the  secondary  and  isoprimary  alcohols,  and  by  no  means 
readily  from  the  primary  alcohol.  In  a  similar  manner, olefines  are 
formed  from  the  haloid  paraffin  derivatives  corresponding  to  these 
alcohols  by  the  withdrawal  of  the  elements  of  a  molecule  of  haloid 
acid,  and  they  are  converted  into  the  alcohols  by  treatment  with 
moist  silver  oxide,  or  by  heating  with  water,  with  increasing 
facility,  as  we  pass  from  the  primary  to  the  isoprimary,  and  thence 
to  the  secondary  and  tertiary  derivative  :  tertiary  butylic  chloride, 
for  example,  is  readily  converted  into  trimethylcarbinol  by  heating 
with  water  to  ioo°  (21  a°  F.),  whilst  the  primary  chloride  is  but 
little  affected. 

Many  reactions  are  known  by  which  the  isomeric  butylic 
alcohols  may  be  more  or  less  directly  converted  into  each  other. 
Thus  the  butylene  obtained  from  the  iodide  formed  from  normal 
primary  butylic  alcohol  unites  with  hydriodic  acid  to  form 
secondary  butylic  iodide : 

CH3.CH2.CH2.CH2I   -   HI   =   CHg.CHg.CH^CHg ; 

a-Iodotetrane.  a-Butylene. 

CH3.CH2.CH— CH2   4-   HI   =  CH3.CH2.CHI.CH3. 

d-Butylene.  y-Iodotetrane. 

Iln  the  same  way  isobutylic  alcohol  may  be  converted  into  tertiary 
Ibutylic  iodide  : 

(CH3)2CH.CH2l   -   HI  =    (CH3)2C— CHg; 

/3-Iodotetrane.  Y-Butylene. 

{C}i,)fi—CE,   +   HI   =   CI(CH3)3. 

7-Butylene.  S-Iodotetrane. 

On  the  other  hand,  by  combining  the  butylene  from  tertiary 
butylic  alcohol  with  hypochlorous  acid,  a  chlorinated  alcohol  con- 
vertible into  isobutylic  alcohol  by  the  action  of  reducing  agents 
is  produced  : 

C(CH3)3l   -   HI   =  (CH,),C=CH,; 

8-Iodotetrane.  7-Butylene. 

(CH3)2C— CHg  +  C1.0H   =   (CH3)2CC1.CH2.0H. 

■y-Butylene.  Chlorisobutylic  alcohol.  ' 


442 


BUTYLIC    ALCOHOLS. 


[1435- 

In  these  instances  the  isomeric  change  may  be  traced  through  its 
various  stages  and  readily  accounted  for,  but  this  is  not  always 
the  case.  Thus,  according  to  Linnemann  (Ann.  Chem.  Pharm., 
clxii.  3),  the  nitrite  of  normal  butyiamine,  when  decomposed  by 
distilling  its  aqueous  solution,  does  not  furnish  normal  but 
woprimary  butylic  alcohol : 

CHg.CH^.CH^.CH^.NHglNOjg  =  CH(CH3)2.CH,.OH  +  N2  +  OH2; 

Normal  butylamine  nitrite.  Isoprimary  butylic  alcohol. 

and  in  a  similar  manner,  i^obutylamine  nitrite  yields  tertiary 
butylic  alcohol  [ibid.  22): 

CH(CH3),.CH2.NH3(N02)  =   C(CH3)3.0H   +  N^  +  OH^. 

Isoprimary  butylamine  nitrite.  Tertiary  butylic  alcohol. 

Since  Meyer  and  Forster  have  shown,  however,  that  a  similar 
statement  by  Linnemann  with  regard  to  the  decomposition  of 
propylamine  nitrite  is  inaccurate,  some  doubt  may  be  felt  as  to 
the  extent  to  which  these  results  are  reliable.  Supposing,  how- 
ever, that  the  reactions  which  take  place  are  similar  to  those 
which  Meyer  and  Forster  regard  as  probable  in  the  case  of  the 
conversion  of  normal  propylamine  into  isopropylic  alcohol  (p.  437), 
the  formation  of  the  tertiary  butylic  alcohol  from  isoprimary 
butylamine  does  not  appear  improbable ;  but  their  explanation 
would  scarcely  apply  to  the  conversion  of  the  normal  amine  into 
the  isoprimary  alcohol,  since  the  butylene  from  normal  butyl 
compounds  combines  with  other  compounds  to  form  secondary 
and  not  isoprimary  derivatives.  It  cannot,  in  fact,  without  under- 
going isomeric  change,  furnish  secondary  butylic  compounds,  as 
will  be  evident  on  inspection  of  the  following  formulae : 

CHg.CHg.CHg.CHg.X  -  HX  =   CH3.CH2.CHIZCH2; 

Normal  butyl  compound.  a-Butylene. 

CH3.CH2.CHZICH3   +  HX   =   CH3.CH2.CHX.CH3. 

a-Butylene.  Secondary  compound  from  a-butylene. 

(CH3),CH.CH2X. 

Isoprimary  butyl  derivative. 

According  to  Linnemann,  when  a  mixture  of  isoprimary 
butylic  iodide  with  glacial  acetic  acid  is  added  to  argentic  01 
mercuric  oxide,  action  takes  place  at  ordinary  temperatures,  which 
is  completed  by  warming  on  the  water  bath,  and  a  mixture  ol 
tertiary  butylic  alcohol  and  tertiary  butylic  acetate  is  produced,, 
and  some  isobutylene  is  evolved,  together  with  a  small  quantity 
of  gas   not   absorbed   by  bromine   [Joe.  cit.,  14),  and  he  recom- 
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lends  this  process  for  the  preparation  of  the  alcohol;  but 
lutlerow  states  {ibid,  clxviii.  143)  that  the  alcohol  produced  by 
his  method  is  a  mixture  of  about  equal  parts  of  isoprimary  and 
3rtiary  butylic  alcohol.  The  formation  of  the  tertiary  alcohol 
1  this  manner  may  be  explained  by  supposing  that  the  iso- 
rimary  iodide  is  converted  by  the  action  of  the  argentic  oxide 
ito  isobutylene,  which  combines  with  the  acetic  acid_,  forming 
ertiary  butylic  acetate  : 

(CH3),CIZCH,   +  HC.Hp,  =  (CH3)3C.C,H,0,. 

y-Butylene.  Acetic  acid.  Tertiary  butylic  acetate. 

sobutylic  bromide  similarly  treated  with  mercuric  oxide  also 
ields  some  trimethylcarbinol,  but  does  not  enter  into  reaction 
iiih.  argentic  oxide  ;  iso butylic  chloride  dissolved  in  acetic  acid 
5  scarcely  acted  upon  by  either  of  these  oxides. 

It  is  stated  that  when  well  cooled  isobutylic  iodide  and 
odine  chloride  are  carefully  mixed  together,  the  former  is  con- 
erted  into  tertiary  butylic  chloride  (Linnemann,  loc.  cit.)  : 

Ij  (CH3)2CH.CH,I  +   ICl   =   (CH3)3CC1   H-   I2. 

Isoprimary  butylic  iodide.  Tertiary  butylic  chloride. 


r 


it  present  it  appears  to  be  impossible  to  give  any  satisfactory 
xplanation  of  this  remarkable  reaction. 

Again,  Freund  has  shown  {Journ.  pr.  Chem.  [2],  xii.  25), 
hat  when  isoprimary  butylic  alcohol  is  mixed  with  a  considerable 
ixcess  of  hydrochloric,  hydrobromic,  or  hydriodic  acid,  the  alcohol 
)eing  also  saturated  with  the  gaseous  acid,  and  the  mixture 
ieated  for  several  hours  in  closed  vessels  to  100  (212  F.)^  ^^ 
resulting  chloride,  bromide,  or  iodide  is  a  mixture  of  the 
isoprimary  with  a  very  considerable  proportion — as  much  as 
'55  per  cent,  in  the  case  of  the  chloride— of  the  tertiary  com- 
pound,^ and  since  the  tertiary  haloid  butyl  compounds  are 
readily  converted  into  the  alcohol  by  heating  with  water  at 
100°  (212°  F.),  whilst  the  isoprimary  compounds  are  but  little 
icted  upon,  this  reaction  affords  a  ready  means  of  preparing  con- 
liderable  quantities   of  trimethylcarbinol.      It  may  be  supposed, 


*  Freund's  experiments  show  that  the  greatest  caution  must  be  exercised  in 
udging  of  the  constitution  of  compounds  from  the  behaviour  of  derivatives 
brmed  from  them,  even  by  the  simplest  reactions.  They  also  afford  an  explanation 
»f  the  supposed  occurrence  of  trimethylcarbinol  in  fusel  oil  (Butlerow,  Ann. 
"^hem.  Pharm.,  cxliv.  34),  since  it  was  detected  and  separated  by  converting 
ermentation  butylic  alcohol  into  the  chloride,  and  cheating  the  latter  with 
vater,  &c. 
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in  explanation  of  the  conversion,  that  the  isobutylic  alcohol,  or 
the  haloid  paraffin  formed  from  it  in  presence  of  the  strong 
acid,  is  resolved  into  isobutylene  and  water  or  haloid  acid,  and 
that  the  isobutylene  then  combines  with  the  haloid  acid  to  form 
the  tertiary  derivative ;  it  is  remarkable,  however,  that  when  the 
alcohol  is  merely  saturated  with  the  gaseous  acid,  and  the 
mixture  heated^  little,  if  any,  of  the  tertiary  compound  is 
produced. 

Lastly,  it  may  be  pointed  out  that  isobutylene  bromide  is 
said  to  be  converted  into  isobutylic  aldehyde  by  heating  with 
10 — 20  times  its  volume  of  water  to  150° — 160°  (302° — 320°  F.) 
for  24  hours  (Linnemann  and  Zotta,  loc.  eit.,  p.  33),  and  pro- 
bably also  a-butylene  bromide  may  in  a  similar  manner  be  con- 
verted into  ethylmethylketone  (Linnemann,  ibid.,  p.  3).  The 
formation  of  these  compounds  may  be  regarded  as  the  final  result 
of  a  series  of  changes  similar  to  those  which  in  all  probability 
occur  in  the  conversion  of  propylene  bromide  into  acetone 
(p.  437),  and  in  which,  perhaps,  the  following  compounds  are 
successively  produced : 

(CH3XCBr.CH^Br.  (CH3XCziCHBr;  (CH,),CH.CHBr(OH) ;  (CH3),CH.C0H. 

Isobutylene  bromide.  Bromobutylene.  Isobutyric  aldehyde. 

C,H,.CHBr.CH,Br;  C^H^.CBrZZCH^ ;  C,H,.CBr(OH).CH, ;  C.H^.CO.CH,. 

NoEmal.butylene  bromide..      Bromobutylene.  Ethylmethylketone. 

The  investigation  of  these  cases  of  isomeric  change  is  of  very 
great  interest ;  and  it  will  be  obvious  that  whilst  many  of  them 
may  be  explained  as  the  result  of  a  series  of  changes,  others  can- 
not, at  least  at  present,  be  so  explained,  but  must  be  regarded  as 
the  direct  result  of  intramolecular  change,  in  which  there  is  no 
splitting,  off  and  recombination  of  elements,  but  a  rearrangement 
of  the  atoms-  in  the  molecule.  Many  chemists  are  disinclined  to 
believe  in  the  occurrence  of  changes  of  the  latter  kind,  so  that 
the  investigation  of  the  nature  of  these  reactions  is  of  the  highest 
importance  as  a  step  towards  the  explanation  of  isomeric  change. 
(1436)  Amylic  or  Pentylic  Alcohols, — Although  seven  of 
the  eight  possible  amylic  alcohols  have  already  been  obtained, 
most  of  them  have  been  but  very  insufficiently  investigated : 

B.P.  °  c. 

f  Butylcarbinol     ....     CH3.CH2.CH,.CH,.CH,.OH     137° 
Primary    J  IsobutylcaibiiK)!      .     .     .     CH(^'H3)2.CH,.CH,.QH  131' 

(  Secondary^batvlcarbinol     .     C2H,.CH(CH3).CH,.OH  128° 

?  Propjlraethylcarbinol   .     .     C3Hy'».CH(UH3).OH  I20« 

Secondary^  Diethjlcarbinol  .     .     .     .     C2H^.CH(C,HJ.0H  117° 

I  Isopropylmethylcarbiaol    .     C3H/,CH(CH3).OH  104' 

Tertiary        Ethyldimethylcarbinol .     .     C^H^.C{Cii^)^.OR  loz" 
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'hese,  with  the  exception  of  the  two  isoprimary  alcohols,  have 
nly  been  obtained  by  synthetical  methods  (Wagner  and  Saytzeff, 
inn.  Chem.  Pharm.y  clxxv.  332). 

(1437)  Normal  Primary  Amylic  Alcohol  or  Butylcarbinol : 
3,H9-.CH2(OH)  or  CH3.CH,.CH3.CH,.CH2(OH).— The  pure  al- 
ohol  has  been  prepared  by  the  action  of  nascent  hydrogen  on 
lormal  valeric  aldehyde  (Lieben  and  Rossi,  Ann.  Chem.  Pharm., 
;lix.  70)  ;  a  mixture  of  normal  primary  and  of  secondary 
imylic  alcohol  is  obtained  by  the  conversion  into  alcohols  of  the 
iiixture  of  chloropentanes  formed  on  chlorinating  normal  pentane 
Schorlemmer,  ibid.,  clxi.  268). 

It  is  a  colourless  liquid,  resembling  the  fermentation  alcohol 
11  odour  and  other  properties ;  it  boils  at  137°  (278°-6  F.),  and  at 
)°  (32°  F.)  has  the  specific  gravity  -8296.  It  is  converted  into 
lormal  valeric  acid,  C^Hg^.COOH  on  oxidation. 

(1438)  Isoprimary  Amylic  Alcohols.  Isobutylcarbinol : 
:;,H/.CH2(0H)  or  CH(CH3)2.CH2.CH,(OH).  Secondary -butyl- 
mrbinol:  C.H/.CH^IOH)  or  C2H5.CH(CH3).CH2(OH).  —  The 
?hief  constituent  of  fusel  oily  or  the  portion  of  higher  boiling 
)oint  which  remains  after  the  separation  of  the  greater  part  of  the 
jthylic  alcohol  from  the  crude  spirit  produced  by  fermentation, 
s  a  mixture  of  these  two  alcohols.  Their  complete  separation  is 
^ery  difficult,  however,  and  cannot  be  effected  by  distillation ; 
3ut  they  are  readily  distinguished,  since  one  of  them  is  optically 
nactive,  whilst  the  other  (secondary-butyl carbinol)  turns  the 
blane  of  polarization  of  a  ray  of  light  to  the  left,  a  property  by 
rt'hich  it  is  distinguished  from  all  other  known  alcohols. 

The  method  by  which  the  two  alcohols  were  originally 
separated  by  Pasteur  in  1855,  or  rather  by  which  the  existence 
pf  two  isomeric  alcohols  in  fusel  oil  was  first  demonstrated, 
i3onsists  in  acting  upon  the  mixture  with  concentrated  sulphuric 
^cid,  neutralizing  w^ith  baric  carbonate,  and  fractionally  crys- 
tallizing the  resulting  mixture  of  baric  amylic  sulphates ;  the 
product  from  the  active  alcohol  being  considerably  more  soluble 
than  the  corresponding  inactive  derivative,  the  two  salts  may 
thus  be  separated,  and  the  alcohols  obtained  from  them  by  dis- 
tillation with  dilute  sulphuric  acid : 

,   (CgH.^.SOJ^Ba  +  2OH2  =  2C,Hii.0H  +  BaSO,  +  H^SO,. 

Baric  amylic  sulphate.  Amylic  alcohoL 

i  For  this  purpose  the  portion  of  fusel  oil  is  employed,  which, 
ifter  repeated  distillation,  boils  at  about  129°  (264°- 2  F.)  ;  it  is 
Qiixed  with  about  an  equal  weight  of  sulphuric  acid,  the   latter 
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being  gradually  added  to  the  alcohol,  and  the  mixture  allowed  to 
stand  in  a  warm  place  for  several  days  before  it  is  added  to 
water  and  the  solution  neutralized.  When  fusel  oil  containing 
a  large  proportion  of  the  inactive  modification  is  employed,  it  is 
possible  to  isolate  it  in  a  state  of  purity ;  but  the  method  does 
not  appear  to  be  applicable  to  the  preparation  of  the  active  modifi- 
cation in  a  state  of  purity,  since  the  statements  of  various  observers 
as  to  the  rotatory  power  of  the  alcohol  are  most  discrepant  (Ley, 
Deut.  chem.  Ges.  Ber.,  vi.  1362);  and  even  to  obtain  it  approxi- 
mately pure  involves  the  expenditure  of  a  large  amount  of  material 
and  much  time  and  labour. 

From  Le  BeFs  experiments  [ibid.,  vi.  13 14 ;  vii.  824  ;  ix.  732) 
it  appears,  however,  that  different  acids  behave  differently  with 
the  two  alcohols  :  the  inactive  alcohol  having  a  greater  tendency 
to  enter  into  reaction  with  hydrochloric,  hydriodic,  and  tartaric 
acids,  whilst  the  active  alcohol  appears  more  readily  to  enter 
into  reaction  with  sulphuric  and  valeric  acids  than  the  inactive 
alcohol.  On  this  Le  Bel  founds  a  method  for  the  preparation  of 
the  active  alcohol,  which  consists  in  saturating  the  mixture  of 
alcohols  with  hydrochloric  acid  gas,  and  then  heating  to  100° 
^212°  F.),  whereby  the  inactive  alcohol  is  converted  into  amylic 
chloride,  the  active  alcohol  remaining  for  the  most  part  unattacked ; 
the  chloride  and  alcohol  are  then  separated  by  distillation,  and 
the  latter  again  similarly  treated,  until,  in  fact,  the  optical 
activity  is  no  longer  increased. 

The  inactive  alcohol  boils  at  about  131°  (26 7°* 8  F.),  and  the 
active  at  about  128°  {26g°'^  F.),  and  the  latter  has  a  slightly 
lower  specific  gravity  than  the  former  (Ley).  The  rotatory 
power  of  the  most  active  alcohol  yet  prepared  by  Pasteur's 
method  was  46°,  in  a  column  500  mm.  long,  which  is  equal  to 
that  of  a  solution  of  cane  sugar  containing  4*7  grams  of  sugar  to 
100  of  water  (Ley).  According  to  Le  Bel,  the  alcohol  which  he 
separated  by  his  method  had  a  rotatory  power  of  4°  38'  in  a 
column  100  mm.  long,  but  as  he  does  not  state  what  instrument 
was  employed,  this  number  cannot  be  compared  with  that  given 
by  Ley,  who  used  a  Soleil-Ventzke  instrument. 

Both  are  colourless  liquids  possessing  a  peculiar  penetrating 
unpleasant  odour  and  burning  taste,  and  are  nearly  insoluble  in 
water;  their  vapours  excite  coughing.  Most  of  the  statements 
in  the  text  books  with  regard  to  the  reactions  of  amylic  alcohol 
refer  to  the  behaviour  of  the  mixture  of  alcohols  from  fusel  oil, 
which  is  ordinarily  spoken  of  as  amylic  alcohol ;  in  fact,  scarcely 
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any  of  the  derivatives  of  these  alcohols  have  been  obtained  in  a 
state  of  purity. 

On  oxidation^  both  furnish  in  the  first  instance  valeric 
aldehydes,  which,  on  further  oxidation,  are  converted  into  valeric 
acids,  C^Hg.COOH ;  the  acid  from  the  active  alcohol  is  also 
optically  active,  but  dextro-rotatory,  and  it  is  also  distinguished 
by  forming  a  gummy  baric  salt,  the  baric  salt  from  the  inactive 
acid  being  crystalline.  When  an  8  per  cent,  solution  of  chromic 
acid  is  employed  to  effect  the  oxidation,  a  considerable  amount  of 
amylic  valerate  is  produced,  but  with  a  5  per  cent,  solution 
(i  litre  water;  105  grams  HgSO^  ;  and  78  grams  K^CrgO^)  this 
is  no  longer  the  case.  The  two  alcohols  are  oxidized  with  very 
different  degrees  of  readiness,  however,  the  active  alcohol  being 
much  more  readily  attacked,  and  even  when  a  feebly  oxidizing 
mixture  is  employed,  much  of  the  active  valeric  acid  undergoes 
farther  oxidation  to  acetic  acid  and  carbonic  anhydride;  both 
valeric  acids  are  readily  oxidized  by  a  saturated  solution  of 
potassic  dichromate  in  a  mixture  of  2  vols,  water  and  i  vol. 
sulphuric  acid,  being  converted  into  acetic  acid,  water  and 
carbonic  anhydride  ;  but  the  inactive  acid  yields  considerably  more 
carbonic  anhydride  than  the  active  (Erlenmeyer  and  Hell,  Ann. 
Chem.  Pharm.,  clx.  294 ;  Pedler,  Journ.  Chem.  Soc.j  xxi.  74 ;  Ley, 
loc.  cit.). 

The  behaviour  on  oxidation  is  of  great  importance,  as  it 
\  I  enables  us  to  determine  the  constitution  of  the  two  alcohols  from 
fusel  oil.  Since  both  furnish  valeric  acids  on  oxidation  they 
must  be  primary  alcohols,  and  as  the  normal  primary  amylic 
alcohol  is  not  identical  with  either,  they  can  only  be  isopri- 
mary  alcohols ;  but  three  isoprimary  amylic  alcohols  can  exists 
viz.  : 


CH(CH3), 
I 
CHg  ; 

CHg.OH 

These  three  alcohols  will 
acids  on  oxidation : 


CH.CH3 
CH..OH 


CH3 

C(CH3), 
CHg.OH 


furnish    the    three    following  valeric 


CH(CH3), 

I 

CH, 

COOH 

Isopropacetic  acid. 


I 

CH.CH3 
I 
COOH 


CH3 

C(CH3)^ 
COOH 


Methetliacetic  acid.       Trimethacetic  acid. 
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The  first  of  these  has  been  obtained  by  Erlenmeyer  and  Hell 
(loc.  cit.j  p.  264)  from  isobutylic  iodide  by  the  following  reactions : 

CH(CH3)2.CH2l  +  KCN  =  CHCCHg^g.CHg.CN  +  KI; 

Isobutylic  iodide.  Isobutylic  cyanide. 

CH(CH3)2.CH2.CN  +  OH2  +  NaOH  =  CH(CH3)2.CH2.COONa  +  NH, 

Isobutylic  cyanide.  Sodic  isovalerate. 

The  acid  separated  from  this  sodic  salt  was  found  to  be  identical 
with  that  formed  on  oxidizing  the  inactive  alcohol  from  fusel  oil, 
thus  proving  that  this  alcohol  is  represented  by  the  formula 
CH(CH3)2.CH2-CH2(OH).  Trimethacetic  acid  has  also  been  syn- 
thetically prepared,  a,nd  differs  entirely  in  its  properties  from  the 
active  valeric  acid  from  the  active  amylic  alcohol ;  hence  it  follows 
that  the  active  alcohol  has  the  formula  C2H5.CH(CH3).CH2(OH), 
unless  we  assume  that  it  is  merely  physically  isomeric  with 
the  inactive  modification,  as  some  chemists  have  supposed; 
but  this  assumption  is  not  admissible  since,  according  to  Le  Bel, 
the  iodide  prepared  from  it  furnishes  an  optically  inactive  amy- 
lene,  boiling  at  31°— 32°  (Sy^S— 89°  6  F.),^  different  from  the 
amylene  (B.P.  25°  C.)  from  the  iodide  formed  from  the  inactive 
alcohol : 

C,H5.CH(CH3).CHJ    +    KHO   =    C,H^.C(CH3)— CH,    +    KI  +  OH,. 

Iodide  from  active  alcohol.  ^-Ethylmethylethylene. 

CH(CH,),.CH,.CHJ  +  KHO  =  CH(CH3),.CHzzCH,  +  KI  +  OH,. 

Iodide  from  inactive  alcohol.  Isopropylethylene. 

This  amylene  combines  in  the  cold  with  hydrochloric  acid, 
forming  a  chloropentane  convertible  into  the  isomeric  amylene, 
trimethylethylene,  by  the  action  of  potassic  hydrate  : 

CH3.CH^.C(CH3)zzCH,    4-    HCl   =    CH3.CH,.CC1(CH,).CH,; 
CH,.CH,.CC1(CH3).CH3  +  KHO  =  CH,.CHzzC(CH3).CH3  +  KCl  +  OH,. 

Moreover  Saur  has  recently  succeeded  (Deut.  chem.  Ges.  Ber., 
viii.  1037)  in  preparing  methethacetic  acid  synthetically,  and 
finds  that  it  resembles  the  active  valeric  acid  from  active 
amylic  alcohol  in  its  properties,  and  that  it  yields  a  non- 
crystalline baric  salt ;  so  that  there  can  no  longer  be  any 
doubt  as  to  the  constitution  of  active  amylic  alcohol. 


♦  This  amylene  has  the  specific  gravity  "670  at  0°  (32°  F.) ;  it  should  be  in- 
serted in  the  table  p.  184,  in  the  column  headed  Series  H2CzzC(C„Hjn+J,' 
According  to  Le  Bel,  pure  trin  ethUethylene  boils  at  36° — 38°  (g6°'S^ 
ioo''-4  F.),  and  at  0°  (32°  F.)  has  the  specific  gravity  '6783;  it  also  combinei 
with  hydrochloric  acid  in  the  cold. 


1429.]  PROPYLMETHYLCARBINOL.  *  449 

Many  of  the  derivatives  of  active  amylic  alcohol  are  them- 
selves active,  but  it  is  remarkable  that  they  are  dextrorotatory. 
According  to  Le  Bel,  the  rotatory  powers  of  the  chloride, 
bromide,  and  iodide  prepared  from  the  alcohol  form  a  pro- 
portional series,  and  are  related  to  each  other  as  the  numbers 
J,  4,  and  8. 

If  sodic  or  potassic  hydrate,  calcic  chloride,  or  apparently  any 
salt  easily  soluble  in  the  alcohol,  be  dissolved  in  ordinary  amylic 
alcohol  at  the  boiling  point,  and  the   saturated   solution  be   dis- 
tilled from  an  oil  bath,  finally  at   about  200°  C,  a   considerable 
amount  of  the  alcohol  is  retained  in  the  retort,  and  when  this  is 
'  liberated  by  adding  water  and  again  distilling,  it  is  found  that  the 
alcohol  which   passes   over  is  considerably  less  active  than  that 
originally  employed  (Chapman  and   Smith,   Proc.    R.   Soc,  xvii. 
308).      If  sodium  be  dissolved  in  active  amylic  alcohol,  the  excess 
of  the  latter   distilled   ofi"  in  the  oil  bath,  the  alcohol  liberated 
;ifrom  the  sodium  compound  by  the   addition  of  water  and,  after 
!  drying,    again    similarly  treated,   it   is  rendered  inactive ;    this 
change   appears  to   be   produced  by  the   heating,  and   is   not    a 
specific  action  of  the  sodium  (Le  Bel).      The  alcohol  is  apparently 
not  altered  in  its   chemical  properties   (Le  Bel)  ;   and  this  is  the 
more  probable  since  Erlenmeyer  and  Hell  have  shown  that  when 
j )  active  valeric  acid  is  heated  to  250°  (482°  F.)  with  a  few  drops  of 
'  ;  concentrated  sulphuric  acid  for  at  most  fifteen  minutes,  it  entirely 
loses   its  optical   activity,  but  is   not   altered    in   chemical  pro- 
I  perties. 

Sodium  dissolves  in  amylic  alcohol,  forming  sodic  amylate,  which 
separates  in  crystals  of  the  composition  C5Hj^.0Na  + 30^11-^20. 
When  a  solution  of  sodic  hydrate  in  amylic  alcohol  is  distilled, 
water  passes  over  (Chapman)  : 

C^Hi^.OH   +  NaOH  =   C^Hji.ONa  +  OH^, 

Amylic  alcohoL  Sodic  amylate. 

so  that  distillation  from  sodium  cannot  be  resorted  to  as  a  method 
of  rendering  amylic  alcohol  anhydrous. 

In  all  its  reactions  amylic  alcohol  (fusel  oil)  closely  resembles 
Gthylic  alcohol,  but  it  is  a  much  less  stable  compound. 

(1439)  ^^^-  ^'^y-  AlcoJiols.  'Projpylmethylcarhinol :  C3Hy*.CH(CH3),OH. 
— This  alcohol  is  formed  by  the  action  of  nascent  hydrogen  on  propylmethjl- 
'ictone,  C3Hy.CO.CH3,  and,  together  with  normal  primary  amylic  alcohol,  from 
aormal  pentane  by  Schorlemmer's  method.  It  has  also  been  prepared  from  tlie 
iinylic  iodide  obtained  by  combining  a-amylene  (1232)  with  hydriodic  acid.  It 
3oils  at  about  120°  (248^  F.),  and  at  0°  (32*^  F.)  has  the  specific  gravity  '826  ; 
)n  oxidation  it  yields  a  ketone  of  the  formula  C^H^^O,  and  propionic  and  ac<3t«5 
icids  (Wurtz). 

3  G  G 
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Diethylcarhinol r  (C2Hg)2CH.OH,  is  obtairied  by  the  action  of  zineic  ethide 
on  ethylic  formate,  and  subsequent  treatment  of  the  product  with  water  (Wagner 
and  Saytze£F,  Arm.  Chew.  Pharm.,  clxxv.  363).  It  is  a  colourless  liquid,  diffi- 
cultly soluble  in  water,  possessing  the  peculiar  odour  characteristic  of  the  amyiic 
alcohols;  it  boils  at  ii6°— 117°  (240°-8— 242"-6  F.),  and  at  0°  (32°  F.)  has 
the  specific  gravity  ■832.  On  oxidation  it  furnishes  diethylketone,  propionio 
acid  and  acetic  acid. 

Isopropylmethylcarhhiol :  0311^(3.011(011)  CH^,  is  formed  from  the  amylene 
from  isoprimary  amyiic  iodide*  by  combining  it  with  hydriodic  acid,  digesting 
the  resulting  iodide  with  dry  argentic  acetate,  and  decomposing  the  amyiic  acetat© 
with  a  concentrated  aqueous  solution  of  potassic  hydrate  (Flavitzsky,  ibid., 
clxxix.  348).  It  has  also  been  obtained  from  methylisopropylketone  by  the 
action  of  nascent  hydrogen  (Miinch,  ibid.,  clxxx.  339).  The  alcohol  from 
amylene  is  said  to  boil  at  103'' — 104°  (2I7°4 — 2I9°'2  F.),  and  on  oxidation 
with  a  five  per  cent,  solution  of  chromic  anhydride,  it  furnishes  acetone  and 
acetic  acid,  no  isopropyimethylketone  being  formed ;  its  specific  gravity  at  0* 
(32°  F.)  is  '826.  The  alcohol  prepared  from  the  ketone  is  a  liquid  of  pleasant 
ethereal  odour,  of  the  specific  gravity  '827  at  17°  (62°  6  F.) ;  it  is  stated  to 
boil  at  108°  (226°*4  F.),  and  to  be  reconverted  into  the  ketone  on  oxidation. 

(1440)  Tertiary  Amyiic  Alcohol  or  Ethyldimethylcarbivol :  C^^.Q{CY{^^.QiR, 
may  be  prepared  by  the  action  of  zineic  methide  on  propionic  chloride,  OgHg.COOl, 
the  product  being  subsequently  treated  with  water  (Popoif,  ibid.,  cxlv.  292; 
Ermolaiew,  ibid.,  clxii.  190).  This  alcohol  has  a  peculiar  aromatic  odour,  difJerent 
from  that  ot  its  isomendes,  and  is  also  more  soluble  in  water.  It  solidifies  ai 
about  —  30°  ( —  22°  F.)  to  a  mass  of  small  needles,  and  boils  at  98°*5  —  102* 
(209°3  —  2I5°'6  F.)  (Ermolaiew). 

The  so-called  amylene  hydrate  obtained  by  combining  amylene  from  fermen- 
tation amyiic  alcohol  with  hydriodic  acid  and  treating  the  resulting  amyiic  iodide 
with  moist  argentic  oxide  (Wurtz),  or  by  combining  it  with  sulphuric  acid  and 
then  distilling  with  water  (Flavitzsky,  p.  195  ;  ibid.,  clxxix.  343),  appears  to  be 
this  alcohol. t     It  bo. Is  at  103°  (2I5°'6  F.),  and  on  oxidation  by  a  ^  per  cent. 


*  The  amyiic  iodide  employed  by  Flavitzsky  contained  a  certain  amount 
of  the  active  iodide,  and  the  amylene  prepared  from  it,  therefore,  was  a 
mixture  of  isopropylethylene,  H^OZlOH.OjjH^'^,  with  ethylmethylethylene, 
^^Hj.C(CHg)zzOH2 ;  hence  the  alcohol  probably  contained  a  certain  amount 
of  ethyldin^ethylcarbinol,  and  this  may  account  for  the  low  boiling  point  observed 
by  Flavitzsky  as  compared  with  that  observed  bv  Miinch. 

t  According  to  Ossi{  off  (Dew i^.  chem.  Ges.  Ber.,\\n.  1240),  diflPerent  alcohols 
are  produced  when  sulphuric  acid  of  different  degrees  of  concentration  is  employed. 
By  adding  the  amylene  drop  by  drop  to  a  well-cooled  mixture  of  2  pts.  by  weight 
of  sulphuric  acid  and  1  pt.  of  water  (as  emph)yed  by  Flavitzsky)  and  subsequently 
distilling  with  water,  he  obtained  an  alcohol  boiling  at  102°  -  105°  0.,  which 
did  not  solidify  when  cooled  to  —  30°  0.  ;  but  with  a  mixture  of  2  vols,  oi 
sulphuric  acid  (about  3 '6  pts.  by  weight)  and  i  vol.  of  water  an  alcohol  boilmg 
atabout97°0  was  produced,  which  readily  solidified  betw»en  —  20°and  —  30°C., 
and  which  had  not  the  same  odour  as  the  alcohol  of  higher  boiling  point. 
Amylene  hydrate,  also,  which  he  prepared  from  the  amyiic  iodide  from  amylene 
by  Wurtz's  method,  did  not  solidify  at  —  30°  0.  Although  Ossipoff  concluded 
from  this  that  the  two  alcohols  he  obtained  were  isomeric,  and  respectively 
identical  with  ethyldimethylcarbinol  and  amylene  hydrate — adopting  the  view 
then  prevalent  that  the  latter  was  isopropylinethylcarbinol — it  appears  highly 
probable   that  the  two  alcohols   in  question  are  really  identical,  and  that  the 
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solution  of  chromic  anhydride  yields  acetone  and  acetic  acid  (Flavitzsty). 
Amylene  hydrate  is  remarkable  on  account  of  the  great  readiness  with  which  it 
is  resolved  into  amylene  and  water, — hence  its  name  ;  this  decomposition  takes 
place  when  its  vapour  is  heated  to  200°  (392°  F.),  on  mixing  it  with  sulphuric 
acid,  or  when  it  is  heated  with  acetic  acid  in  the  water-bath ;  similarly,  when 


difference  observed  in  the  products  was  due  to  the  presence  of  impurity  j  for  we 
may  now  regard  it  as  an  established  fact  that  amylene  prepared  from  fermenta- 
tion amylic  alcohol  by  the  action  of  zincic  chloride  is  trimethylethylene  (see 
Amylglycols).  From  Henry's  more  recent  experiments  it  appears  that  the  state- 
ment on  p.  401  that  propylene  may  combine  with  hypochlorous  acid  in  two  ways 
is  incorrect,  and  that  the  compound  CH^.CHCl.CH2(0H)  is  always  produced 
(comp.  p.  462).  The  behaviour  of  hypochlorous  acid  with  olefines,  therefore, 
resembles  that  of  the  haloid  acids,  and  we  have  consequently  little  reason  to 
expect  that  the  behaviour  of  sulphuric  acid  will  prove  exceptional  ;  so  that,  accord- 
ing to  the  law  which  regulates  the  combination  of  the  olefines  with  the  haloid 
acids  (p.  400),  trimethylethylene  will  furnish  a  tertiary  amylic  derivative  when 
combined  with  sulphuric  acid  : 

(CH,),C=zCH.CH3    +    H,SO,   =    (CH3),C(HS0J.CH,.CH,. 

the  alcohol  from  which  would  be  ethyldimethylcarbinol.  Even  supposing, 
however,  that  the  complementary  reaction : 

■ ;   .      (CH3),CZZCH.CH,   +    H^SO,  =    (CH3),CH.CH(HS0J.CH3, 

1$  possible,  it  is  highly  improbable  that  the  one  would  take  place  to  the  exclusion 
of  the  other  by  a  comparatively  slight  variation  in  the  concentration  of  the  acid, 
as  was  the  case  in  Ossipoff's  experiments.  Therefore,  admitting  the  action  of 
sulphuric  acid  on  amylene  to  vary  with  the  concentration,  it  is  improbable  that  in 
the  one  experiment  only  the  tertiary  alcohol  and  in  the  other  only  the  secondary 
was  produced,  which  is  the  interpretation  OssipofF  places  upon  his  results. 

The  production  of  trimethyleth\lene  from  fermentation  amylic  alcohol  is 
doubtless  the  final  result  of  a  series  of  changes.  It  is  not  improbable  that  in 
the  first  instance  the  zincic  t^hloride  and  alcohol  enter  into  reaction  to  produce 
zincic  chloramylate  : 

ZnCl,    +   C.H^^OH   =    ZnCl.OC.H^j    +    HCl, 

and  that  this  compound  is  subsequently  resolved  into  amylene  and  ZnCl.OH, 
thus  : 

ZnC1.0C,H„    =    C,H,,    +    ZnCl.OH. 

These  reactions,  it  will  be  observed,  are  the  counterpart  of  those  which  occur  in 
the  formation  of  ethylene  from  sulphuric  acid  and  ethylic  alcohol.  In  this 
manner,  the  amylene,  isopropyleth^lene,  would  be  formed  from  the  isoprimary- 
butylcarbinol,  and  the  isomeric  ethylmethylethylene  from  the  secondary  butyl- 
carbinol  present  in  the  fermentation  alcohol.  Both  these  amylenes,  however, 
combine  with  hydrochloric  acid,  and  furnish  the  satne  amylic  chloride  :  and  the 
tertiary  amylic  chloride  thus  produced  is  readily  resolved  into  hydrochloric  acid 
and  the  amylene,  trimethylethylene.  The  supposition,  therefore,  that  these  two 
inverse  reactions  actually  occur,  is  perfectly  warranted,  and  appears  to  afford  a 
simple  explanation  of  the  isomeric  change  observed  in  the  formation  of  trimethyl- 
ethylene from  the  fermentation  alcohols^  The  action  of  zincic  chloride  on 
fermentation  amylic  alcohol,  however,  is  a  subject  requiring  investigation  on 
account  of  the  occurrence  of  other  hydrocarbons  besides  amylene  and  its  poly- 
merides  in  the  product  (p.  194)  ;  the  formation  of  paraffins  is  net  yet  explained, 
and  it  has  to  be  shown  whether,  as  Wurtz  supposes,  all  the  products  are  derived 
from  amylic  alcohol,  or  in  part  from  other  alcohols. 

G   G   2 
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mixed  with  bromine  at  ordinary  temperatures,  it  furnishes  water  and  an  amylene 
bromide.  Its  haloid  derivatives  are  equally  unstable,  the  iodide  bein<^  reconverted 
into  the  alcohol  by  mere  digestion  with  moist  argentic  oxide  at  o°  (32°  1\), 
whi-reas  the  iodide  from  fermentation  amylic  alcohol  is  scarcely  acted  upon  below 
100°  (212'  F.). 

(1441)  IIkxyltc  Alcohols:  CJI^g.OH^  102.— Xo  less  than  eight  isomeric 
hexylic  alcohols  have  been  described,  but  most  of  them  have  been  comparatively 
little  studied : 

B.P.°C. 

p.  r  Pentvlcarbinol 0.1^.011,,  OH  157° 

iimaiy      .    |  i.^pHmary-pentylcarbinol       .  t\HJ\Cn.,OH  148°- 154*= 

(  nulylmethylcarbinol    .      .      .  C^H,/.CIi(CH,).OH  135°— 138' 

Secondary  .    -|   PrL-pyh  thylcarbinol      .      .      .  Cyi.«.Cli(C.JI,).OH  135" 

(  Terti-ny-butylmethylcarbinol  c(h/.C]-I(CH„).OH         i20°-5 

j  Diethylmethylcarbinol.      .      .  (C\HJ..C(CHJ.OH  119°— 121' 

Tertiary      .    -^  Propyldimethylcarbinol     .     .  (CH J.,C(C,hJ)'^.OH  114°— 117' 

II2°— 113' 


(  l.-opropyldimethylcarbinol      .  (CH3')^C(C"H  j/^.QH 


( 1 442)  Primary  Hexylic  Alcohols.  Normal  Trimary  Hexylic  Alcohol  ; 
Cn^.Cli,.CH..Cir^.CI[..CH^(01I).— The  essential  oil  of  llcracleum  giganUum 
comains  a  considerable  amount  of  hexylic  acetate,  tbe  portion  boiling  at  about 
2CI'' — 206^  (393°"S — 402°' 8  F.)  being  a  mixture  of  this  ether  and  octylic 
butyrate;  from  this,  hexylic  and  octylic  alcohols  may  be  obtained  by  saponifica- 
tion with  an  alcoholic  solution  of  potassic  hydrate,  and  then  separated  by 
fractional    distillation    (Franchimont  and   Zincke,  Ann.    Cliem.   Pharm.,  chiii. 

193)-^ 

The  hexylic  alcohol  thus  obtained  is  a  colourless  oily  liquid  of  pleasant 
aromatic  odour  and  insoluble  in  water.  It  boils  at  157°  (3I4°'6  F.),  and  at  23"' 
(73°'4  F.)  has  the  specific  gravity  '819.  On  oxidation,  it  furnishes  normal 
caproic  acid,  C.H^j.COOH. 

Isoprimary  Hexylic  AlcoJiol  :  (CH3)„CH.CH^.CH„.Cn..(0H).  —  Faget 
in  1853  separated  from  brandy  fusel  oil,  a  portion  boiling  at  I48°-^I54° 
(2oS''-4 — 309'''2  F.),  which  he  states  gave  caproic  acid  on  oxidation  ;  he  re- 
garded it  as  caproylic  or  hexylic  alcohol,  and  from  the  boiling  point  it  appears 
nut  improbable  that  the  subst;ince  he  obtained  was  the  next  homologue  of  fer- 
mentation amylic  alcohol  (compare  also  Wurtz,  Ann.  C'l/em.  JPharm.,  cxxviii. 
316).  Ko  attempt  ap])ears  to  have  been  made  since  then  to  isolate  this 
alcohol  |_from  fusel  oil,  but  its  re-discovery  and  investigation  are  much  to  be 
desired. 

(1443)  Secondary  Hexylic  AlcfjJiols.  Primary-huiyhnethylcarhi'nol : 
CH^.('H.^.Cll,,Cll.^.Cii(CllJ.OH.— Amixture  ofthis  alcohol  with  primary  hexylic 
aictjliol  is  (jbtamed  from  normal  hexane  by^  chlorination,  &c.,  according  to  Schorleni- 
n.i'r's  )iiethod.  The  pure  alcohol  is  produced  by  tlie  action  of  moist  argentic  oxide 
on  the  sucoi.dary  lu'xylic  iodide  from  mannite,  or  by  combining  the  hexylene  ob- 
t;;m(d  lioni  this  iodide  with  sulphuric  acid,  and  distilling  the  product  with  water 
(Ihltnmeyer  and  W'jinklyn  ;  Y\ i;c\\t,  Ann.  Clicm.  FJiarm..  c\\\\  146).  l>y  the 
acliou  of  /iiicic  ethiue  on  dichlorinated  ethylic  ether,  Lieben  {Hid.,  clxxviii.  l) 
liii.s  obtained  a  diethy  luthcr,  wh.ich,  by  the  action  of  hydriodic  acid,  may  be  con- 
vcil-'d  into  a  hexylic  iodide  ;  this,  when  treated  with  argentic  acetate  and  glacial 
acetic  acid,  yields  an  ae^/tate  fi'oni  which  butyliuethylcarbinol  may  be  obtained 
on  sapcmiiication.  'bhe  Ibrmation  of  butylmethylcarbinol  in  this  manner,  how- 
evei-,  is  the  I'.'Milt  of  i.~<,i;cric  change,  and  that  this  is  the  case  will  be  evident 
iron;  the  follov;i;iir  formulio: 
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CH^Cl  CH,.C,H,  C3H,  C^H^ 

(!^HCl         ;         CH.C.H^         ;         CHI         ;         CH,.OH. 
O.C,H,  O.C,H,  C,H,  CH3 

Dichlorether.  Diethylether.  J^f^Str.  ^S^o^ 

The  change  probably  occurs  when  the  iodide  is  submitted  to  the  action  of  acetic 
acid  and  argentic  acetate,  the  iodide  being  first  converted  into  the  hexylene, 
propylraethylethylene,  C3Hy.HClZCH.CH3,  which  combines  with  the  acetic  acid, 
forming  the  acetate  of  butyl methylcarbinol.  A  similar  change  in  the  butyl 
series  has  been  mentioned  previously  (p.  442). 

Butylmethylcarbinol  is  a  colourless  liquid,  insoluble  in  water,  possessing  a 
pleasant  alcoholic  but  also  aromatic  odour;  it  boils  at  135° — ^S^°  (^75° — 
28o°*4  F.);  the  specific  gravity  of  the  alcohol  from  hexylene  is  -8266  at  0° 
.  (32°  F,),  according  to  Hecht.  On  careful  oxidation,  it  is  converted  into  butyl- 
methylketone,  which  on  further  oxidation  yields  normal  butyric  acid, 
CjHy.COOH,  and  acetic  acid. 

Propylethylcarhinol :  C3Hy.CH(C2Hg).OH,  is  formed  from  ethylpropyl- 
ketone  by  the  action  of  nascent  hydrogen  (Volker,  Deut.  chem.  Ges.  Ber.y 
viii.  1019).  It  boils  at  135°  (275°  F.),  its  specific  gravity  at  0°  (32°  F.) 
being  '8335,  ^^^  *8i88  at  20°  (68°  F.).  By  oxidation  it  yields  ethylpropyl- 
ketone,  from  which  propionic  and  acetic  acids  are  obtained  by  further  oxidation. 

Tertiary-hutylmethylcarhinol ;  Pinacolic  Alcohol:  C^Hg^.CH(CH3).0H, 
or  (CH3)3C.CH(CH3).0H.— Friedel  and  Silva  have  obtained  this  alcohol  by  the 
action  of  nascent  hydrogen  on  pinacolin  or  tertiary-butylmethylketone  {CoYnj)t, 
'Rend.,  Ixxvi.  226)  ;  it  is  a  liquid  of  camphorous  odour,  which  boils  at  I20°'5 
{248°-9  F.),  and  at  o''  (32°  F.)  has  the  specific  gravity  "8347.  It  solidifies 
at  a  low  temperature  to  a  mass  of  long  silky  needles,  which  melt  at  4°  (39°'2  F.). 
I  By  careful  oxidation  it  is  reconverted  into  the  ketone,  which  may  be  oxidized  to 
itrimethacetic  acid  : 

(CH3)3C.C0.CH,  -f-  4(0  +  OH^)  -  (CH3),C.C00H  A   H.COOH  +  4H,0. 

This  behaviour  is  of  especial  interest,  as  it  is  the  only  instance  at  present 
known  in  which,  on  oxidizing  the  ketone  formed  from  a  secondary  alcohol  of 
ithe  ethylic  series,  the  more  complex  radicle  remains  in  combination  with  the 
CO  group  of  the  ketone,  the  simpler  radicle  being  displaced  by  OH. 

The  constitution  of  this  alcohol  has  been  the  subject  of  considerable  dis- 
cussion on  account   of   its  formation    from    pinacolin,  which   is   produced    by 
{  iheating   pinacone  with   dilute   sulphuric   acid ;    pinacone   is   a   body    obtained 
i  Itogether  with  isopropylic  alcohol  when  acetone  is  submitted  to  the  action  of 
I  iiascent  hydrogen,  and  its  formation  in  this  manner  is  the  result  of  the  following 
umple  reaction : 

(CH,),CO  (CH,),C.OH 

+     H,     =  I 

(CH3),C0  (CH3),C.0H 

2  mols.  acetone.  Pinacone. 

Pinacolin  is  produced  from  pinacone  by  the  withdrawal  of  the  elements  of  a 
nolecule  of  water,  but  on  comparing  the  formulae  of  the  two  compounds, 
t  will  be  obvious  that  its  formation  must  be  attended  with  isomeric 
ihange : 

tC(CHJ,.OH  C(CH3). 

C(CH,),.OH       '  CO.CH. 

Pinacone.  Pinacolin. 
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That  this  is  the  case  there  is  no  doubt,  for  Butlerow  has  shown  that  the 
ketone  prepared  from  zineic  methide  and  trimethacetic  chloride,  C(CH3)3.C0C1, 
is  identical  with  the  pinacolin  from  acetone.  The  manner  in  which  the  conver- 
sion occurs  cannot  at  present  be  traced,  but  it  would  appear  to  be  an  instance  of 
direct  intramolecular  change, 

(1444)  Tertiary  Hexylic  Alcohols. — Three  such  are  known,  viz. : 

B.P.  °  C. 
Methyldiethvlcarbinol  .     .  (aH^)2C(CH3).OH      119''— 121'* 
Propyldimethylcarbinol      .  (CHg),C(C3H^r.0H    114°— 117° 
Isopropyldimethylcarbinol .  {CYi^)^C{C^Vi;)^.OK    1 1 2°— 1 1 3° 

They  are  respectively  obtained  by  the  action  of  zineic  ethide  on  acetic  chloride, 
CH.COCl;  by  the  action  of  zineic  methide  on  butyric  chloride,  CgHy*.COCl; 
and  by  the  action  of  zineic  methide  on  isobutyric  chloride,  CgHy^.COCl, 
the  products  of  these  reactions,  after  standing  several  days,  being  treated  with 
water  (Butlerow,  Jahrh.,  1865,  461  j  Priauichnikoff,  Ann.  Chem,  Pharm.t 
clxii.  67). 

They  are  liquids  possessing  an  alcoholic  and  camphorous  odour.  Diethyl- 
methylcarbinol  solidifies  at  -  35°  (  -31°  F.)  to  a  mass  of  long  fine  needles, 
but  the  isomeric  tertiary  alcohols  merely  become  viscid.  On  oxidation,  diethyl- 
methylcarbinol  is  converted  into  acetic  acid ;  dimethylpropylcarbinol  furnishes  a 
mixture  of  propionic  and  acetic  acids ;  and  dimethylisopropylcarbinol  yields 
acetone  or  dimethylketone.  A  small  quantity  of  a  hexylene  was  also  formed 
from  diethylmethylcarbinol. 

(1445)  Heptylic  Alcohols:  C,Hjj..OH=  116. — The  nine  following  hep- 
tylic  alcohols  have  been  obtained  : 

B.P.°C. 

Hexylcarbinol C,H^3«.CH2.0H  i75°-5 

Isoprimaryhexylcarbinol  .     .     .     CgH^g^.CHa.OH  163°— 165° 

Amylraethylcarbinol    ....  C5H^^a.C(CH3)H.OH  i6o°— 162» 

Dipropylcarbinol (CgH.X-CH.OH  149°— 150° 

Isoprimaryamylmethylcarbinol    .  C,H^/.C(CH3)H.0H  146°— mS** 

Diisopropylcarbinol      ....  (C3H,)/CH.0H  131°— 132" 

Triethylcarbinol C,H^.C(C,HJ,.0H  140°— 142"^ 

Isoprimarybutyldimethylcarbinol     C,H/.C(CH3)2.0H  129"— 131' 

Tertiarybutyldimethylcarbinol    .     C,H^«.C(CH3)2.0H  131°— 132° 

(1446)  Primary  Heptylic  Alcohols.  Normal  Primary  JSeptylic  Alcohol 
or  HexylcarUnol :  C,H^3-.CH^(0H)  or  Cll^.Cn^.CR,.C%^R,.0R^.Qnj^011\ 
is  best  prepared  by  the  action  of  nascent  hydrogen  on  heptylic  or  oenanthic 
aldehyde  from  castor  oil,  which  for  this  purpose  is  dissolved  in  acetic  acid 
and  treated  with  sodium  amalgam  (Grimshaw  and  Schorlemmer,  Proc.  Boy. 
Soc,  1873,  393)'  it  ™^y  ^^^o  be  formed  from  normal  heptane  by  chlorination, 

j&c.  It  is  a  limpid,  somewhat  oily  liquid,  possessing  an  aromatic  odour,  and 
iboilsat  I75°'5  (347°*9  F.)  (Schorlemmer,  Ann.  Chem.  Pharm.,  clxxvii.  303); 
on  oxidation  it  yields  hexylic  or  oenanthic  acid,  CgHjg.COOH. 

Isoprimary  or  ^-HexylcarUnol:  (CH3)^CH.CH^.CH,.CH2.CH,(0H),  i» 
formed  together  with  isoprimary  or  /3-amylmethylcarbinol  from  the  paraffin 
<€thylisoamyl,  CH3.CH2.CH2.CH2.CH(CH  J^,  by  Schorlemmer's  method.  It  boils 
at  163''— 165°  (325°  4 — 329°  F.),  and  on  oxidation  yields  isooenanthic  acid, 
(CHgl^CH.CHg.CH^.CH^.COOH  (Grimshaw,  Journ.  Chem.  Soc,  xxvi.  313). 

Schorlemmer  has  in  a  similar  manner  obtained  an  isomeric  alcohol  from  the 
heptane  which  accompanies  normal  heptane  in  petroleum,  but  its  constitution  1* 
mt  kuowa^  it  boils  at  165°— 170°  (329°— 338°  F.)  (ibid.,  319). 
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According  to  Faget  {Ann.  Ckem.  Pkarm.^  cxxiv.  355),  the  portion  of  the 
fusel  oil  from  the  fermentation  of  grape  skins,  boiling  at  155° — i6o° 
^239° — 248°  F.)  has  the  composition  of  heptylic  alcohol. 

(1447)  Sec.  S^e^t  Alcohols.  Amylmethylcarhinol :  Q^^^.Q(CH^H.O^, 
obtained  from  normal  heptane,  boils  at  160° — 162°  (3  20° — 323°'6  F.),  and  fur- 
nishes amylmethylketone  on  oxidation  (Schorlemmer).  The  heptane  which 
accompanies  normal  heptane  yields  an  isomeric  alcohol  of  unknown  constitution, 
boiling  at  148° — 156°  (298'''4 — 302"*  F.).  The  secondary  alcohol,  isoamyU 
methylcarhinol :  C5Hj^^.C(CHg)H.0H,  from  the  heptane  ethylisoamyl>  boils  at 
146° — 148°  (294°*8— 298°-4  F.),  and  is  converted  into  isoamylmethylketone 
hy  oxidation  (Grimshaw). 

Dipropylcarhinol :  CgHy*. C(C3Hy)*H.0H,  is  obtained  by  the  action  of 
nascent  hydrogen  on  dipropylketone,  CgHyft.CO.GgHya.  It  is  a  somewhat  viscid 
liquid,  of  penetrating  odour,  only  slightly  soluble  in  water,  and  boiling  at  149° — 
150"  (30o°-2 — 302°  F,);  its  specific  gravity  at  25°  (77°  F.)  is '814.  On 
oxidation,  it  is  reconverted  into  the  ketone  (Kurtz,  Ann.  Chem.  Pharm.y  clxi. 
212). 

Diisopropylcarhinol,  C,Hy^.C{C3Hy)^H.0H,  is  prepared  in  a  similar  man- 
ner from  diisopropylketone,  CgH^/s.CO.CgHy^  (Miinch,  ibid.,  clxxx.  333).  It 
possesses  a  pleasant  ethereal  odour,  somewhat  like  peppermint,  and  has  the 
specific  gravity  '8323  at  17°  (62°*6  F.).  It  boils  at  131° — 132°  (267°'8 — 
269°'6  F,),  and  on  oxidation  is  reconverted  into  the  ketone. 

(1448)  Tertiary  Heptylic  Alcohols.  Tnethylcarhinol :  0^j^.Q{0^^^.OH, 
prepared  from  propionic  chloride,  C^HjCOCl,  and  zincic  ethide,  is  a  colourless 
liquid  of  caraphorous  odour,  difficultly  soluble  in  water ;  it  becomes  viscid  when 
cooled  to  -  20°  (  -  4°  F.).  It  boils  at  140°— 142°  (284°— 287°-6  F.),  and  at 
o"*  (32°  F.)  has  the  specific  gravity  '8593.  On  treatment  with  an  oxi- 
dizing mixture  of  sulphuric  acid  and  potassic  dichromate,  it  furnishes  propionic 
and  acetic  acids,  and  a  small  quantity  of  a  heptylene   (Nahapetian,  ihid.,  clxii. 

44)- 

Dimethylisqhutylcarlinol :  C^H^^. €(0113)2. OH,  has  been  obtained  from 
valeric  chloride,  CjH^^.COCl,  and  zincic  methide ;  the  valeric  acid  em- 
ployed in  the  preparation  of  the  chloride  being  that  produced  by  oxidizing 
fennentation  amylic  alcohol.  The  heptylic  alcohol  thus  prepared  is  probably  a 
mixture  of  isoprimary-butyldimethylcarbinol  with  small  quantities  of  secondary- 
butyldimethylcarbinol.  It  is  almost  insoluble  in  water,  and  possesses  a  powerful 
camphorous  odour;  it  boils  at  129''— 131°  (264°"2 — 267°*8  F.).  When  cooled 
to  —  20°  (  -  4"  F.)  it  merely  becomes  viscid.  On  oxidation,  it  yields  isobutyric 
and  acetic  acids  (Pawloff,  ibid.,  clxxiii.  192). 

Markownikoff,  by  combining  the  heptylene  from  oxyisocaprylic  acid  (p.  197) 
with  hydriodic  acid,  and  treating  the  resulting  iodide  with  moist  argentic  oxide, 
obtained  an  alcohol  boiling  between  123°  and  132°  (253°'4  and  269°*6  F.), 
which  there  can  be  little  doubt  is  impure  isoprimary-butyldimethylcarbinol.  It 
is  distinguished  by  the  readiness  with  which  it  is  resolved  into  heptylene  and 
water  (Zeits.  Chem.,  187 1,  269). 

Tertiary -buty Idimethylcarhinol :  (CHj)gC.C(CH[g)2.0H,  is  obtained  from 
trimethacetic  chloride,  (0113)30.0001,  and  zincic  methide.  It  crystallizes  in  long 
needles,  melting  at  about  17°  (62°'6  F.),  and  boils  at  about  131° — 132° 
(267°'8 — 269"*6  F.);  it  attracts  water  with  great  avidity,  forming  a  crystalline 
hydrate,  20^11^^0,1120,  which  melts  at  about  83°  (i8i°-4  F.).  This  hydrate 
crystallizes  in  long  transparent  prismatic  needles,  perceptibly  soluble  in  water ; 
it  is  extremely  volatile  even  at  ordinary  temperatures,  and  especially  on  heating 
with  water.  It  is  very  slowly  acted  upon  by  a  mixture  of  potassic  dichromate 
and  dilute  sulphuric  acid ;  bromine  is  also  without  action  at  ordinary  temperatures. 
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but  on  warming  a  white  solid  product  is  obtained,  which  apparently  is  a  mix- 
ture of  CyH^jEr  and  CyHj^Br^  (Butlerow,  ibid.,  clxxvii.  176). 

(1449)  OcTYLic  Alcohols:  CgHjy.OH=  130. — Our  knowledge  of  these 
alcohols  is  at  present  very  imperfectj  only  three  being  known  with  certainty, 
viz.: 

B.P.°C. 
Heptylcarbinol     .     .     .     CyH^.^.CH^.OH  196°— 197 

Hexylmethylcarbinol       .     C,Hj3«  C(CH3).H.0H  180° 

Propyldiethylcarbinol     .     CgHy^.CCC^H^.OH  ? 


I 


(1450)  Normal  Primary  Octylic  Alcohol  or  JSeptylcarhinol : 
CH3.CH2.CH2.CH2.CH^.CH,.CH2.CH2(0H),  is  obtained  by  saponifying  the 
portion  of  the  essential  oil  of  Heracleum  spondylium,,  boiling  at  206° — 208° 
(402°'8 — 4o6°'4  F.),  and  which  chiefly  consists  of  octylic  acetate.  Normal 
octylic  ethers  are  also  present  in  the  oils  from  other  umhelliferce,  such  as 
H.  gi^anteum  and  Fastinaca  saliva  (comp.  Moslinger,  Deut.  chem.  Ges. 
Ber.,  ix.  998).  It  is  a  colourless,  oily  liquid,  almost  insoluble  in  water,  of  the 
specific  gravity  "830  at  16^  (6o'''8  F.),  and  possesses  a  peculiar,  penetrating, 
aromatic  odour.  It  boils  at  196° — 197^^  (384° — 386°'6  F.).  On  oxidation,  it 
furnishes  normal  octylic  or  caprylic  acid,  C^Hj^-COOH  (Zincke,  Ann.  Chem. 
Pharm.,  clii.  i ;  Eenesse,  ibid.,  clxvi.  80). 

(145 1)  Primary-hexylmethylcarbinol  :  CgH^3*.C(CH3)H.OH. — This 
alcohol  is  obtained  by  the  dry  distillation  of  castor-oil  soap.  The  corresponding 
ketone,  methylhexylketone,  is  also  produced ;  from  Nelson's  experiments 
{Journ.  Chem.  Soc,  xxvii.  837),  it  appears  that  the  ratio  between  the  amount 
of  alcohol  and  ketone  depends  upon  the  excess  of  alkaline  hydrate  and  the 
temperature  employed,  a  relatively  greater  yield  of  alcohol  being  obtained  the 
higher  the  temperature,  and  the  greater  the  excess  of  alkaline  hydrate,  within, 
of  (.'oarse,  proper  limits.  A  soap  made  from  equal  parts  of  sodium  hydrate  and 
castor-oil,  with  a  quantity  of  water  equal  to  about  one-fourth  the  weight  of  (he 
oil,  may  be  employed,  and  distilled  in  quantities  of  100  to  200  grammes  from 
a  copper  retort. 

Methylhexylcarbinol  is  a  mobile,  oily  liquid,  of  peculiar  aromatic  odour, 
having  the  specific  gravity  -823  at  16°  (6o°-8  F.) ;  it  boils  at  181° 
(357°'^  ^0  according  to  Neison,  but  according  to  Schorlemmer  at  I79*'*5 
'(3 55°' I  ^O  {ibid.,  xxviii.  207),  When  oxidized  it  furnishes  methylhexylketone, 
which  on  further  oxidation  is  converted  into  acetic  and  normal  caproic  acids; 
bromine  is  readily  dissolved  by  it,  but  exerts  no  action  upon  it  at  ordinary 
temperatures. 

A  mixture  of  this  alcohol  with  the  primary  alcohol  is  obtained  from 
normal  octane  by  chlorination,  &c.  (Schorlemmer,  Ann.  Chem.  Pharm.,  clii. 
152). 

By  distilling  hexylmethylcarbinol  with  zincic  chloride,  combining  the  octylene 
thus  obtained  with  hydriodic  acid,  converting  the  resulting  octylic  iodide 
into  acetate  by  digesting  it  with  argentic  acetate,  and  saponifying  this  acetate, 
De  Clermont  has  obtained  an  alcohol  boiling  at  1 74°— 178°  (345°*2— 352°-4  F ), 
of  the  specific  gravity  '811  at  0°  (32°  F.),  and  which  furnishes  methylhexylcar- 
binol  and  acetic  and  caproic  acids  on  oxidation  {ibid.,  cxlix.  38;  JBull.  Soc. 
Chim.  [2],  xii.).  Unless  the  action  of  zincic  chloride  on  methylhexylcarbinol  is 
attended  with  isomeric  change,  there  can  be  little  doubt  that  the  octylene  pro- 
duced is  a  methylamylethylene  of  the  formula  CH3.CHIZ CH.CgH^*,  and  this 
olefine  may  be  expected  to  furnish  the  iodide  CHg.CHLCH^.CgH^j*  when 
combined  with  hydriodic  acid.  The  alcohol  produced  in  the  manner  above 
described  should,  therefore,  be  methylhexylcarbinol;  but,  according  to  De  Cler- 
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morit,  it  does  not  agree  with  it  in  all  it  properties,  although  it  furnishes  the 
same  oxidation  products. 

(1452)  Frojpyldiethlycarhinol:  Q,^^'*^.Q>{Q,^^^QiKM  preparedfrora  butyric 
chloride,  CjHy*.COCl,  and  zincic  ethide,  but  it  has  not  been  obtained  in  a  state 
of  purity.  Its  boiling  point  is  stated  to  be  between  145°  and  155°  (293°  and 
311°  F.),  but  these  numbers  are  probably  much  too  low;  on  oxidation  it 
yields  propionic  and  acetic  acids  (Butlerow,  Jahresh.,  1865,  A^"^)' 

(1453)  Higher  Homologues  of  Ethylic  Alcohol. — No  alcohols  of  known 
constitution  of  the  higher  terms  of  the  series  have  been  artificially  prepared  in 
a  state  of  purity.  What  is  probably  a  mixture  of  two  nonylic  alcohols  has 
been  obtained  from  petroleum  nonane,  and  diisoamyl  appears  also  to  furnish  a 
mixture  of  two  isomeric  decylic  alcohols  when  chlorinated,  &c.  It  is  stated 
{Deut.  chem.  Ges.  Ber.,  v.  479)  that  when  bromacetic  bromide,  CH^Br.COBr, 
is  submitted  to  the  action  of  zincic  ethide,  and  the  product  treated  with  water, 
a  decylic  alcohol,  Cj^H^j.OH,  boiling  at  155° — 1 5  7°  (3 1 1  ° — 3 1 4°*6  F.)  is  obtained. 
The  reaction  is  apparently  of  an  altogether  abnormal  character  and  requires 
explanation :  if  a  decylic  alcohol  is  really  produced,  it  is  probably  the  tertiary 
alcohol  (C,H^),CH.C(C,H,)^.OH. 

We  have  now  only  to  consider  the  three  remaining,  and  highest,  terms  of 
the  series,  which  are  derived  from  natural  products — viz.,  cetylic  alcohol  or  ethal^ 
CjgHgg.OH;  cerylic  alcohol,  C^yHjg.OH;  and  melissic  alcohol,  Cg^^Hg^.OH. 

Cetylic  alcohol  is  prepared  from  spermaceti  by  saponification  either  by  boiling 
it  with  an  alcoholic  solution  of  potassic  hydrate,  or  by  carefully  fusing  it  with 
potassic  hydrate ;  spermaceti  consisting  chiefly  of  cetylic  palmitate.  It  is 
purified  by  crystallization  from  ether.  Cerylic  alcohol  is  obtained  in  a  similar 
manner  from  Chinese  wax  or  cerylic  cerotate.  Melissic  alcohol  is  obtained  by 
the  action  of  melting  potassic  hydrate  on  myricin,  the  portion  of  bees-wax 
insoluble  in  boiling  alcohol,  and  which  consists  chiefly  of  melissic  palmitate. 

These  alcohols  are  crystalline  waxy  solids,  insoluble  in  water,  but  soluble  in 
ether  and  alcohol.  Cetylic  alcohol  is  stated  to  melt  at  50°  (122°  F.),  and  to 
distil  unaltered;  cerylic  alcohol  melts  at  97°  (2o6°*6  F.),  and  is  partly  decom- 
posed into  water  and  cerotene,  Cg^Hg^,  on  distillation  ;  melissic  alcohol  melts  at 
85"  (185°  F.),  and  is  also  partially  decomposed  on  distillation  into  water  and 
meleue,  CggHg^.  When  heated  for  some  time  with  potassic  hydrate  these  alcohols 
are  converted  into  the  potassic  salts  of  the  corresponding  acids  of  the  acetic 
series,  for  example  ; 

C„H„.OH      +     KHO      =     C,.H„FO,     +     2H,. 

Cetylic  alcohol.  Potassic  palmitate. 

From  this  behaviour  they  would  appear  to  belong  to  the  primary  alcohols. 
At  present  no  other  reactions  are  known  which  tend  to  throw  light  upon  their 
constitution. 

(1454)  In  order  to  facilitate  a  comparison  between  the  various 
homologous  and  isomeric  alcohols  of  the  ethylic  series,  they  are 
classified  in  the  following  table  in  groups  of  strictly  homologous 
compounds.  The  mean  boiling  point  in  °  C.  is  given  for  each 
alcohol  underneath  its  formula : 
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CH3I 
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From  this  table  it  will  be  evident  that  a  relation  exists 
between  the  boiling  points  of  the  homologous  alcohols  ;  but  this 
will  be  better  seen  on   reference  to   the  following  table,  which 
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exhibits  only  the  boiling  points  of  the  alcohols,  and  the  differences 
between  them.  In  the  series  of  normal  primary  alcohols  the 
difference  between  the  boiling  points  of  two  successive  terms  is 
in  most  cases  19° — 20°  C,  i9°7  being  the  mean  difference  in 
this  group.  The  differences  between  successive  terms  in  the 
other  groups,  it  will  be  seen,  also  approximate  more  or  less 
closely  to  this  number,  and  the  mean  of  the  23  differences  in 
the  table  is  19°*  2;  hence  it  would  seem  that  a  difference  in 
composition  of  CHg  between  two  strictly  homologous  alcohols 
corresponds  with  a  difference  of  19°  to  20°  in  boiling  point;  and 
it  is  the  more  probable  that  this  relation  obtains  since  the 
boiling  points  of  most  of  the  alcohols  have  been  determined  only 
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approximately.  Usually,  only  small  quantities  of  material  have 
been  at  the  disposal  of  the  operators,  and  therefore  it  has  been 
impossible  to  completely  purify  the  alcohols;  moreover,  the 
determinations  have  been  made  by  different  chemists,  employing 
different  instruments,  and  in  most  cases  merely  the  observed 
boiling  point  is  stated  without  correction.  It  is  remarkable  that 
whilst  the  difference  in  boiling  point  between  successive  homo- 
logues  in  the  ethylic  series  of  alcohols  is  apparently  constant,  and 
the  same  in  each  group,  in  the  paraffin  series  of  hydrocarbons 
quite  a  different  relation  obtains;  thus  we  have  seen  (p.  133) 
that  in  the  latter  series,  the  increase  of  boiling  point  for  each 
difference  of  CHg  in  the  case  of  the  normal  paraffins  diminishes 
progressively  by  about  4°  from  37°  to  about  19°,  when  it  appears  to 
become  constant.  It  will  be  evident,  without  further  remark,  from 
the  table  on  the  previous  page,  that  if  the  relation  in  boiling 
point  between  the  homologous  alcohols  of  the  ethylic  series  here 
pointed  out  as  probable  actually  obtains,  the  boiling  points  of 
,many  of  the  alcohols  are  at  present  very  incorrectly  determined ; 
for  example,  supposing  that  the  boiling  point  of  isoprimary- 
butylic  alcohol  is  io8°-4  C,  it  is  probable  that  131°  is  too  high 
a  boiling  point  for  the  homologous  isoprimary  amy  lie  alcohol, 
since  the  difference  between  the  two  numbers  is  no  less  than 
22°"6.  Similarly,  if  82°-8  C.  is  the  boiling  point  of  isopropylic 
alcohol,  that  of  the  homologous  ethylmethylcarbinol  is  probably 
2°  or  3°  higher  than  99°,  since  the  difference  between  the 
numbers  82°* 8  and  99°  is  only  i6°'2. 

(1455)   Haloid   Derivatives    of  the  Alcohols   of  the  Ethylic 

I  \8enes. — Very  little  is  known  in  regard  to  the  behaviour  of  the 

halogens  with  the  alcohols   of  the   ethylic  series ;  chlorine   and 

jbromine  appear  to  enter  more  or  less  readily  into  reaction  with 

i  imost  of  them,  but  it  is  doubtful  whether  iodine  is  capable   of 

directly  acting  upon  them. 

Chlorine  and  bromine  are  without  action  on  pure  methyh'c  alcohol  in  the 
3old  (Henry,  Deut.  chem.  Ges.  Ber.,  vi.  744  ;  Grimaux,  Sull.  Soc.  Chem., 
[874,  xxii.  24);  the  nature  of  the  products  obtained  on  heating  has  yet  to 
je  ascertained.*  To  judge  from  the  behaviour  of  ethylic  alcohol  and  the  few 
)bservation8  made  with  other  primary  alcohols,  the  first  action  of  chlorine  and 


*  The  statement  on  p.  425,  that  chlorine  acts  with  great  energy  on  methylic 
dcohol,  is  apparently  incorrect.  It  was  written  without  knowledge  of  Grimaux's 
experiments,  which  show  that  Cloez's  observations  were  made  with  an  impure 
ilcohol  containing  acetone,  and  that  the  substances  he  obtained  were  derived 
rem  the  latter,  the  so-called  parachloride  being  pentachloracetone,  C  H  CI  0  and 
)arabromalide,  pentabromacetone,  C^HBr  0. 


i 
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bromine  on  primary  alcohols  consists  in  the  displacement  of  one  of  the  atoms  of 
hydrogen  attached  to  the  carbon  atom  with  which  the  OH  group  is  associated; 
and  if  the  behaviour  of  isopropylic  alcohol  is  typical  of  that  of  secondary  alcohoU 
generally,  the  first  product  of  the  action  of  halogens  on  these  alcohols  is  formed 
by  the  displacement  of  the  atom  of  hydrogen  associated  with  the  carbon  atom  to 
which  the  OH  group  is  united.  The  monohabid  derivatives  thus  produced  are 
so  unstable,  however,  that  they  cannot  be  isolated,  being  readily  resolved  into 
haloid  acid  and  an  aldehyde,  if  derived  from  a  primary  alcohol;  or  into  haloid 
acid  and  a  ketone,  if  derived  from  a  secondary  alcohol. 

The  continued  action  of  the  halogens  on  the  primary  alcohols  does  not  lead 
to  the  displacement  of  a  second  atom  of  hydrogen  in  the  CH2(0H)  group,  bat 
chlorine  or  bromine  becomes  introduced  in  place  of  hydrogen  in  the  radicle 
associated  with  this  group.  In  the  case  of  ethylic  alcohol,  we  know  that  the 
whole  of  the  hydrogen  in  this  radicle  may  be  displaced,  and  that  the  final  pro- 
duct of  the  action  of  chlorine,  for  example,  is  the  compound  CCI3.CHCI.OH,  but 
we  have  no  knowledge  of  the  extent  to  which  hydrogen  may  be  displaced  in  other 
alcohols. 

From  the  behaviour  of  trimethylcarbinol  and  of  the  so-called  amylene  hydrate, 
it  appears  that  the  tertiary  alcohols  may  either  furnish  haloid  derivatives  which 
are  more  or  less  readily  resolved  into  water  and  haloid  olefine  derivatives,  or  they 
are  at  once  resolved  into  water  and  a  dihaloid  paraffin,  the  elements  of  a  molecule 
of  water  apparently  being  directly  split  oflF,  and  displaced  by  a  molecule  of  the 
halogen. 

Monohaloid  derivatives  of  alcohols  are  also  obtained  by  the  combination  of 
the  defines  with  hypochlorous  and  hypobromous  acids.  In  the  compounds  so 
formed,  the  halogen  and  the  OH  group  are  always  attached  to  different,  althcugh 
contiguous,  carbon  atoms,  and  as  compared  with  the  monohaloid  derivatives 
formed  by  the  direct  action  of  the  halogens  on  primary  and  secondary  alcohols, 
they  are  highly  stable  bodies.  Thus  monochlorethylic  alcohol  or  glycolic 
chiorhydrin,  CH2C1.CH^(0H),  formed  by  the  union  of  ethylene  and  hypochlorous 
acid,  is  a  colourless  liquid  of  specific  gravity  1*24  at  8°  (46°'4  F.),  and  boils 
at  about  130°  (266°  F.)  ;  whilst  the  chloropropylic  alcohol,  CH3.CHC1.CH,(0H), 
boils  at  about  128°  (262°'4  F.).  Very  few,  however,  of  these  chlorinated 
alcohols  have  been  prepared  in  a  state  of  purity  and  their  properties  de- 
termined. 

In  discussing  the  law  which  regulates  the  combination  of  the  olefiues 
with  hypochlorous  acid  (p.  401),  we  have  stated  that  from  Henry  and 
Markownikoff's  experiments  it  appears  that  propylene  may  combme  with 
hypochlorous  acid  in  the  two  ways  represented  by  the  following  equations : 

a.  CH3.CHIZCH2   +   C1.0H   =    CH3.CHCI.CH.OH. 
/3.  CHj.CH^CH,   +   Cl.OH   =   CH3.CH(0H).CH,Cl. 

The  first  expresses  the  manner  in  which  the  reaction  occurs,  according  to  Henry; 
whilst  the  second  represents  Markownikoff's  view.  Tiie  experimental  evidence 
from  which  these  very  opposite  conclusions  were  drawn  is  derived  from  the  study 
of  the  behaviour  of  the  product  on  oxidation.  Thus,  to  judge  from  the 
behaviour  of  propylic  and  isopropylic  alcohols,  a  chloropropylic  alcohol  of  the 
formula  CH3.CHCl.CH2(OH)  may  be  expected  to  furnish  the  aldehyde, 
CHg.CHCl.COH,  on  oxidation,  and  on  further  oxidation  this  should  yield  the 
chloropropionic  acid,  CH3.CHCI.COOH ;  but  chlorinated  isopropylic  alcohol, 
CH3.CH(0H).CH2C1,  should  furnish  monochloracetone,  CH^.CO  CH.^Cl,  which  on 
further  oxidation  would  yield  acetic,  caibonic,  and  hydrochloric  acids. 

By  oxidizing  the  product  with  chromic  acid  mixture,  Markownikoff  obtained 
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a  body  of  the  composition  CgHgClO,  which  on  further  oxidation  furnished  acetic, 
carbonic,  and  hydrochloric  acids ;  he,  therefore,  concluded  that  monochloracetone 
was  produced,  and  hence,  that  the  product  of  the  action  of  hypochlorous  acid  on 
propylene  was  the  chlorinated  alcohol,  CH3.CH(0H).CH2C1.  Henrj^  however, 
found  that  when  nitric  acid  was  employed  as  oxidizing  agent,  the  product  was 
converted  into  the  chloropropionic  acid,  CH3.CHCI.COOH,  thus  proving  ap- 
parently that  it  had  the  constitution  expressed  by  the  formula  CHg.CHCl.CHjjlOH). 
Henry's  more  recent  experiments  {Deut.  chem.  Ges.  Ber.,  ix.  960,  1034)  show 
that  the  different  results  obtained  by  Markownikoff  and  himself  are  probably 
due  to  the  employment  of  a  different  oxidizing  agent.  Thus  he  finds  that  the 
chloropropionic  acid,  CHj,.CHCl.COuH,  is  oxidized  by  chromic  acid  to  acetic  and 
carbonic  acids ;  the  formation  of  these  latter  bodies,  therefore,  does  not  prove, 
as  Markownikoff  supposed  it  did,  that  the  compound  CgHgClO,  which  he  obtained, 
was  monochloracetone,  and  not  the  isomeric  chloropropionic  aldehyde.  The 
alcohol,  CH3.CH(0H).CH2C1,  which  Oppenheim  obtained  by  the  action  of  sul- 
phuric acid  on  a-chloropropylene  or  allylic  chloride  (p.  204),  when  oxidized  by 
nitric  acid  yields  carbonic  and  monochloracetic  acid,  CH^Cl.COOH,  but 
chromic  acid  produces  a  small  quantity  of  monochloracetone  with  acetic  and 
carbonic  acids. 

Hence  it  would  seem  that  the  action  of  hypochlorous  acid  on  the  olefines 
does  not  vary,  but  that,  as  in  the  case  of  the  haloid  acids,  its  more  negative  con- 
stituent chlorine  enters  into  union  with  the  least  hydrogenized  carbon  atom  jn 
the  olefine,  the  less  negative  radicle  OH  combining  with  the  contiguous  carbon 
fitom  previously  united  by  two  affinities  to  that  with  which  the  chlorine  becomes 
associated. 

Two  other  methods  of  obtaining  chloro-  and  bromo-  deri- 
vatives of  alcohols  of  the  ethylic  series  remain  to  be  mentioned. 
The  first  consists  in  acting  upon  polyhydric  alcohols  derived  from 
paraffins  with  the  haloid  acids.  Thus  glycol  is  converted  by 
hydrochloric  acid  into  a  monochlorethylic  alcohol : 

CH2(OH).CH2(OH)   -t-  HCl   =   CH2C1.CH2(0H)    -f    OH^, 

Glycol.  Chlorethylic  alcohoL 

and  in  a  similar  manner  glycerin  furnishes  a  dichlorisopropylic 
alcohol : 

CH,(OH).CH(OH).CH^(OH)  +  2HCI  =  CHp.CH(OH).CH,Cl  +  2OH,. 

Glycerin.  Dichlorisopropylic  alcohol. 

The  chlorinated  alcohols  so  produced  are  usually  termed  chlor- 
hydrins,  and  the  corresponding  bromo-derivatives  bromhydrins ; 
since  the  halogen  and  OH  are  associated  with  difiPerent  carbon 
atoms  :   they  are  stable  compounds. 

The  second  method  consists  in  combining  allylic  alcohol  with 
lalogens.  Thus,  when  combined  with  chlorine  it  forms  a 
iichloropropylic  alcohol  : 

CH3ZZCH.CH2(OH)   +  Cl^  =  CH2C1.CHC1.CH2(0H). 

Allylic  alcohol.  Dichloropropylic  alcohol. 
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§  II.  MoNOHYDEic  Alcohols  of  the  CjiH2n_iPH  or  Allylic 

Series. 

Only  three  alcoliols  of  this  series  are  at  present  known  to  us  : 
Allylic  alcohol,  C3H5.OH,  diinethylanylcarhmol,C^ll^.C{Qll^)^.OB,, 
and  menthylic  alcohol  or  menthol,  CjoH^g.OH. 

(1456)  Allylic  Alcohol :  C3H5.OH  or  CH2lzCH.CH2(OH).— 
This  alcohol  has  only  heen  artificially  produced,  but  two  of  its 
derivatives  may  be  obtained  from  natural  sources — viz.,  allylic 
sulphide,  (CgHj.)2S,  which  constitutes  oil  of  garlic,  and  mustard 
oil  or  allylic  isothiocyanate,  CgHg.lSICS.  To  procure  the  latter, 
bruised  black  mustard  seed  is  macerated  for  some  hours  with 
water,  and  the  mixture  then  distilled ;  it  is  formed  by  the 
decomposition  of  the  potassic  salt  of  an  acid  termed  myronic 
acid  under  the  influence  of  a  ferment  present  in  the  seed,  the 
potassic  myronate  being  resolved  into  allylic  isothiocyanate, 
dextroglucose  and  hydric  potassic  sulphate : 

Ci„Hj3KNS,0i„  =  CjH^.NCS   +  C,H,p,  +  KHSO,. 

Allylic  alcohol  is  produced  when  acrolein  or  acrylic  aldehyde, 
C3H4O,  is  submitted  to  the  action  of  zinc  and  hydrochloric  acid 
(Linnemann;  Claus,  Deut  chem.  Ges.  Bar.,  iii.  404).  It  may  be 
obtained  from  the  allylic  iodide  from  glycerin,  which  for  this 
purpose  is  converted  into  allylic  oxalate  by  treatment  with 
argentic  oxalate^  and  the  oxalate  so  produced  decomposed  by 
ammonia  gas : 


COOC3H. 

1         +  2NH3 

CO.NH. 
=     1                +   ^CgH^.OH. 

COOC3H5 

CO.NHg 

Allylic  oxalate. 

Oxamide,                 Allylic  alcohol. 

Allylic  alcohol  is  now  always  prepared,  however,  according  to 
Tollens  and  Henninger's  method,  by  heating  glycerin  with 
oxalic  acid  {Ann.  Chem.  Pharm.,  clvi.  134).  In  this  process,  the 
oxalic  acid  is  decomposed  on  beating  into  carbonic  anhydride 
and  formic  acid:  H2C204  =  C02+H.COOH  ;  the  latter  entering 
into  reaction  with  the  glycerin,  produces  an  acid  glyceric  for- 
mate or  monoformin,  which  on  distillation  is  resolved  into 
allylic  alcohol,  water  and  carbonic  anhydride : 
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CH.OH  CHg.OH 

CH.OH  +  HCO.OH    =   CH.OH  -f  OH,. 

I  I 

CH3.OH  CH2.0(HC0) 

Glycerin.  Monoformin. 

CH,(OH).CH(OH).CH^(O.HCO)    =  CH,(OH).CHzzCH.^    +    CO,    +    OH,. 

Glyceric  monoformate.  Allylic  alcoliol. 

The  mixture  of  4  pts.  of  glyceria  and  i  pt.  of  oxalic  acid  is  heated  in  a 
retort  provided  with  a  thermometer  and  connected  with  a  condenser,  the  receiver 
being  changed  when  the  temperature  rises  to  195°  (383°  F.),  and  the  distilla- 
tion continued  from  that  point  to  260°  (500°  F).  The  presence  of  an  alkaline- 
I  metal  salt  in  the  oxalic  acid,  unless  of  a  stronger  acid,  greatly  interferes  with  the 
production  of  the  alcohol,  and  appears  to  promote  in  a  remarkable  manner  the 
decomposition  of  the  formic  acid  into  carbonic  oxide  and  water ;  therefore,  when 
commercial  oxalic  acid  is  employed,  about  half  a  per  cent,  of  sodic  chloride 
and  a  quarter  to  one-half  a  per  cent,  of  ammonic  chloride  is  added.  If 
after  heating  to  260°  (500°  F.)  the  liquid  has  still  an  alkaline  reaction,  too 
little,  but  if  the  glycerin  darkens  much  on  heating,  too  much  ammonic  chloride 
is  present.  If  the  operation  be  successful  a  peculiar,  somewhat  irritating,  but 
highly  characteristic  odour  is  developed,  and  oily  streaks  appear  in  the  neck  of 
the  retort ;  if  these  indications  are  not  observed  when  the  temperature  has  riser 
to  215° — 220^*  (419° — 428°  F.)  a  small  quantity  of  ammonic  chloride  is  added. 
The  distillate  is  a  mixture  of  allylic  alcohol  with  water  and  some  allylic  formate, 
glycerin  and  glyceric  allylic  ether,  sometimes  with  much  acrolein.  The  excess 
of  glycerin  remaining  in  the  retort  serves  to  convert  fresh  quantities  of  oxalic 
icid.  To  obtain  the  alcohol  the  distillate  is  rectified  until  oily  drops  no  longer 
separate  on  the  addition  of  potassic  carbonate  to  the  liquid  which  passes  over ; 
;his  is  usually  the  case  when  the  thermometer  registers  about  105°  (221°  F.). 
ifhe  crude  alcohol  is  separated  from  this  distillate  by  the  addition  of  potassic 
parbonate,  it  is  then  dried  over  potassic  carbonate,  allowed  to  stand  for  24  hours 
n  contact  with  5  to  10  per  cent,  of  pulverized  potassic  hydrate,  rectified  and 
reed  from  the  last  traces  of  water  by  digestion  with  anhydrous  bar^'ta.  In  this 
panner  an  amount  of  allylic  alcohol  may  be  obtained  equal  to  about  20  per 
jeni  of  the  weight  of  the  oxalic  acid  employed. 

i      Allylic  alcohol  is  a  colourless  liquid  of  sharp  irritating  odour^ 

i  jniscible  in   all  proportions  with    water ;    it  boils    at   96° — 97° 

^  !204°  8 — 2o6°'6  ¥.),  and  at  0°  {^2°  F.)  has  the   specific   gravity 

8709.     When  cooled  to  —50°  (-58°  F.)  it  solidifies.      It  is  con- 

erted  by  nascent  hydrogen  into  propylic   alcohol,  but  the   con- 

ersion  is  only  imperfectly  efiected  by  the  employment  of  either 

odium  amalgam  and  water,  or  zinc  and  hydrochloric  or  sulphuric 

cid ;  the  tendency  to  combine  with  hydrogen   appears,  however, 

0  be  far  greater   in  acid  than   alkaline   solutions  (Linnemann, 

hut.  chem.  Ges.  Ber.,  vii.  854).      When  allylic  alcohol  is  heated 

ith  solid  potassic  hydrate  it  also  furnishes  propylic  alcohol,  but 

le    reaction    is    complicated    by   the   occurrence   of   secondary 

tactions,  as  besides  oily  substances,  ethylic  alcoliol,  formic  acid, 

ad  probably   propionic    acid,   are  produced.      The  mixture   of 

3  H  H 
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equal  weights  of  the  two  substances,  placed  in  a  flask  attached  to 
a  condenser,  is  heated  in  an  oil  bath  :  the  reaction  commences 
at  about  ioo°  (2ia°  F.),  and  by  the  time  that  the  temperature  of 
the  bath  has  been  carefully  raised  to  155°  it  is  almost  complete 
(ToUens,  Ann.  Chem.  Pharm.,  clix.  92).  In  the  purification  of 
the  crude  alcohol  from  glycerin,  it  is  on  this  account  neces- 
sary to  avoid  heating  with  potassic  hydrate.  On  adding  allylic 
alcohol  to  an  oxidizing  mixture  of  dilute  sulphuric  acid  and 
potassic  dichromate,  a  powerful  odour  of  acrolein  is  developed 
and  carbonic  anhydride  escapes,  but  on  afterwards  distilling  the 
liquid  only  formic  acid  is  obtained;  with  nitric  acid,  formic  and 
oxalic  acids  are  produced. 

Allylic  alcohol  readily  exchanges  OH  for  CI,  Br  or  I  when 
submitted  to  the  action  of  the  haloid  acids  and  haloid  phosphorus 
compounds,  and  it  reacts  with  sulphuric  acid  to  form  hydric 
allylic  sulphate,  CgHg.HSO^;  sodium  dissolves  in  it  with  evolu- 
tion of  hydrogen,  producing  sodic  allylate,  CgHg.ONa.  Allylic 
alcohol  in  this  respect  resembles  the  alcohols  of  the  ethylic  series, 
but  it  differs  from  them  by  combining  directly  with  chlorine, 
bromine,  cyanogen,  &c.,  forming  the  compounds  CgHgClg.OH, 
CgH^Brg.OH  and  C3H5(CN)2.0H.  The  alcohol  is  readily  repro- 
duced from  its  compounds  with  the  halogens  by  the  action  of 
nascent  hydrogen,  but  it  then  contains  traces  of  propylic  alcohol 
(Linnemann,  loc.  cit).  The  compound  with  bromine  yields  d%- 
bromopropionic  acid,  C^HgBrg.COOH,  on  oxidation  with  nitric  acid. 

The  constitution  of  allylic  alcohol  has  recently  been  the  subject 
of  much  discussion,  with  the  result,  however,  that  chemists 
generally  now  regard  the  formula  CH2lZCH.CH2(OH)  as  the 
only  one  by  which  its  reactions  can  be  satisfactorily  expressed. 
The  alternative  formula  CH3.CHlzCH(0H)  would  require  the 
formation  of  acetic  acid  on  oxidation  ;  moreover,  the  supposition 
of  the  existence  of  the  CHg  group  in  allylic  alcohol  is  altogether 
irreconcilable  with  the  facts  that  allylic  bromide  combines  with 
bromine  to  form  a  tribromopropane  identical  with  the  so-called 
tribrorahydrin  from  glycerin,  and  that  when  allylic  bromide  is 
combined  with  hydrobromic  acid  it  furnishes  a  dibromopropaue 
(p.  160),  which  is  not  identical  with  ordinary  propylene  bromide, 
CHg.CHBr.CHgBr,  but  has  a  higher  boiling  point  (comp.  Wis- 
licenus,  Ann.  Chem.  Pharm.,  clxvi.  45  ;  Tollens,  ibid.,  clxvii.  257). 

(1457)  AllyUimeifiylcarUnol :  C^^.(l{G^^^.QfQ.,  is  produced  by  the 
action  of  zinc  on  a  mixture  of  allylic  iodide  and  dimethylketone,  and  subse- 
quently treating  the  product  with  water;  it  boils  at  119°  (246°*2  F.)  (Saytzeff, 
heui.  chem.  Ges,  Ber.,  ix.  33). 


1460.]  PROPARGYLIC    ALCOHOL.  467 

i  (1458)  Menthylic  Alcohol  or  MentJiol :  C^J^^^.OH. — This  substance  is 
deposited  in  crystals  when  essential  oil  of  peppermint  is  cooled  to  a  low  tempera- 
Iture;^  it  is  now  imported  in.  large  quantities  from  Japan.  The  Japanese 
Icamphor,  according  to  Beckett  and  Wright  {Journ.  Chem.  Sac,  xxix.  i), 
separates  from  alcohol  as  an  oil  which  crystallizes  on  exposure  to  air;  the 
crystals  melt  at  42°  (io7°-6  P.)  and  boil  at  212°  (4I3°'6  F.) 

Menthol  is  but  slightly  soluble  in  water,  but  imparts  to  it  a  strong  fragrant 
aromatic  smell  and  taste ;  it  is  very  soluble  in  alcohol,  ether,  and  oils,  but  iu- 
joluble  in  aqueous  alkalies.  It  crystallizes  from  an  alcoholic  solution  of  sodic 
hydrate  in  long  needles.  It  is  converted  into  the  compound  Cj^HgCl  or  men- 
ihylic  chloride  when  heated  for  a  considerable  time  with  a  concentrated  solution 
)f  hydrochloric  acid,  or  by  phosphoric  pentachloride  ;  corresponding  bromine 
jid  iodine  compounds  are  formed  by  the  action  of  the  bromide  and  iodide  of 
)hosphorus.  Sodium  acts  very  energetically  upon  menthol,  with  evolution  of 
ydrogen.  When  distilled  with  zincic  chloride  it  yields  menthene,  C^^^H^g  (1258). 

^  III.  MoNOHYDRic  Alcohols  of  the  C^Hga.s-OH  and 
Si  C,H,„_5.0H  Series. 

(1459)  The  lowest  term  of  the  CnH2n_3.0H  series  is  propar- 
lylic  alcohol,  CgHg  OH.  Probably  some  of  the  oxidized  oils  of 
he  composition  C^QlI^gO  which  accompany  terpenes  in  the 
ssential  oils  of  various  plants  are  members  of  this  series — viz., 
odies  such  as  citronellol  from  the  essential  oil  of  citronella 
dndropogon  Schoenanthus),  absinthol  from  oil  of  wormwood,  and 
jjeputol  from  oil  of  cajeput.  At  present,  however,  we  are 
'.most  entirely  unacquainted  with  the  properties  of  these  bodies. 

Similarly,  wyristicol,  CjoH^gO,  from  oil  of  nutmeg,  is  probably 
1  alcohol  of  the  CnH2n_5.0H  series,  since  it  exchanges  OH  for 
1  when  submitted  to  the  action  of  phosphoric  pentachloride 
Vright,  Chem.  Soc.  Journ.,  xxvi.  687). 

(1460)  Propargylic  Alcohol :  C3H3.OH  or  CH=C.CH2(0H). 
■-To  prepare  this  alcohol,  bromallylic  acetate  (p.  206)  is  saponi- 
\A  by  treatment  with  solid  potassic  hydrate  at  ordinary  tempe- 
:tures,  or  by  distillation  from  pieces  of  sodic  hydrate;  it  is  thus 
(nverted  into  bromallylic  alcohol  : 

!H,IZCBr.CH,(C,H3Cg    +    KHO    =    CH  — CBr.CH^(OH)    +    KC^H^O,, 

Bromallylic  acetate.  Bromallylic  alcohol. 

Miich  is  a  colourless  mobile  liquid  of  pleasant  odour,  boiling  at 
15°  (311°  r.)  (Henry.  Beut.  chem.  Ges.  Ber.,  v.  453).  When 
bated  with  the  necessary  quantity  of  potassic  hydrate  and  a 
SI  all  quantity  of  water  it  is  converted  into  propargylic  alcohol : 

:5H— CBr.CH^(OH)    +    KHO   =   CH^C.CH^IOH)    +    KBr    +    OH,. 

Bromallylic  alcohol.  Propargylic  alcohol. 

Propargylic  alcohol  is  a  colourless  mobile  liquid  of  pleasant 

H  H  2 


468  PROPARGYLIC  ALCOHOL.  [1461. 

odour,  soluble  in  water;  it  boils  at  114° — 115°  (2  37°'2 — 239^  F.), 
and  at  21°  {6g°'S  F.)  has  the  specific  gravity  '96.  It  exhibits  the 
property  so  characteristic  of  many  of  the  hydrocarbons  of  the 
acetylene  series  of  forming  metallic  derivatives.  Thus,  when  it 
is  added  to  an  ammoniacal  solution  of  cuprous  chloride  a  canary- 
yellow  coloured  precipitate  of  the  composition  (C3H2.0H)2Cu2 
is  thrown  down,  and  a  white  precipitate  of  the  compositioa 
CgHgAg.OH  is  produced  when  it  is  added  to  an  ammoniacal 
solution  of  argentic  nitrate;  these  substances  burn  explosively 
when  ignited.  When  the  alcohol  is  heated  with  potassic  hydrate 
it  readily  furnishes  acetylene,  hydrogen,   and   potassic  formate: 

CH=C.CH2(0H)   4-  KHO  =  HC  =  CH   +   H^  -f   H.COOK. 

Propargylic  alcohol  combines  readily  with  bromine  and  with  the 
haloid  acids,  so  that  its  haloid  derivatives  cannot  be  produced  by 
the  action  of  the  latter  on  the  alcohol ;  they  are  obtained,  how- 
ever, by  acting  upon  it  with  the  haloid  phosphorus  compounds. 
Propargylic  chloride  or  monochlorallylene,  CH^C.CHgCl,  is  a 
very  mobile  liquid,  of  extremely  pleasant  odour,  insoluble  in 
water;  it  boils  at  6^°  ^149°  F-)^  ^^^  ^t  5°  (41°  ^•)  has  the 
specific  gravity  1*0454.  The  bromide,  CH^C.CHgBr,  boils  at 
88°— 90°  (i90°-4— 194°  F.),  and  at  n°  (5i°8)  has  the  specific 
gravity  1*59  ;  it  combines  with  bromine,  forming  the  compounds 
CHBrZZCBr.CHgBr  and  CHBrg.CBr^.CHgBr,  which  cannot  be 
distilled.  The  iodide,  CH^CCH^I,  is  a  white  crystalline  sub- 
stance, which  melts  at  about  49°  (120°* 2  F.),  but  cannot  be  dis- 
tilled (Henry,  ibid.^  v.  570;  vii.  761  ;  viii.  398). 

(146 1 )  Diallylmethylcarhinol :  CH^.C{0Jl^^.O^,  is  produced  by  the  action 
of  zinc  on  a  mixture  of  allelic  iodide  and  ethylic  acetate,  and  treating  the  product 
with  water;  it  boils  at  157°  (3I4°'6  F.)  (Saytzeff,  ibid.,  ix.  34). 


§  IV.  MoNOHYDRic  Alcohols  of  the  C^Hgn.y.OH  Series. 

These  alcohols  bear  the  same  relation  to  the  hydrocarbons  of 
the  benzene  series  that  the  monohydric  alcohols  of  the  ethylic 
series  bear  to  the  paraffins.  But  the  series  includes  two  groups 
possessing  veiy  dissimilar  properties :  the  so-called  phenols  or 
alcohols  derived  from  hydrocarbons  of  the  benzene  series  by  the 
displacement  of  an  atom  of  hydrogen  in  the  Cg  group  by  the 
group  OH  ;  and  the  compounds,  which  for  want  of  a  better 
name  may  be  called  alcohols  of  the  benzylic  series,  formed  by  the 
displacement   of  hydrogen   in  the   so-called    side-chain    of  the 
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hydrocarbon.     The  two  classes  of  alcohols  are  represented  by  the 
following  general  formulae  : 


C6-^6-m(CiiH2n+i)Hi*  ;  CgH5_j^(OH).(CaH2n  .|.i)m  J   CgH^ 


Hydrocarbon 
of  benzene  series. 


Phenol. 


Alcohol  of  benzylic  series. 


Each  of  these  groups  of  metameric  compounds  may  include 
numerous  isomerides.  Like  the  hydrocarbons  from  which  they 
are  derived,  these  alcohols  exhibit  the  behaviour  of  saturated 
compounds,  but  to  a  far  more  pronounced  extent,  as,  so  far  as 
we  are  at  present  aware,  they  do  not  under  any  circumstances 
furnish  stable  additive  compounds.  In  their  general  behaviour 
the  alcohols  of  the  benzylic  series  very  closely  resemble  the 
alcohols  of  the  ethylic  series,  but  the  phenols  possess  totally  dis- 
tinct properties. 

(1462)  The  following  monohydric  alcohols  derived  from  hydro- 
carbons of  the  benzene  series  are  known  : 


•I 


C,H,.OH 
C.H..CH,(OH) 


B.P.°C. 

182° 


CH^.C.H^.OH 


CH3.0,H,.CH,(0H) 
C,H,.CH,.CH,(OH) 


Phenol  or  Oxjbenzene       .... 

{Benzylic  alcohol  or  Phenylcarbinol  . 
Paracresol  or  Paroxymethylbenzene . 
Metacresol  or  Metoxymethylbenzene 
Orthocresol  or  Orthoxymethylbenzene 

I  Paratolylic  alcohol  or  Tolylcarbinol 
Primary  phenylethylic  alcohol  .  . 
Secondary  phenylethylic  alcohol  or  Methyl 

phenylcarbinol CHg.CHCC.HJ.OH 

Metaxenol  or  Oxymetadimethylbenzene      .  1    ^^tt  \  p  tt  r^xr 
Xenol  (liquid)  (?)  Oxyparadimethylbenzene  J  ^^^3)2^^3-^^ 
Ethylphenol  (solid)  (?)  Paroxy  ethyl  benzene  ) 
Ethylphenol(liquid)(?)Orthoxyethylbenzene  V  C2H,.C,H^.0H 
Phlorol  Oxyethylbenzene J 

/Primary  phenylpropylic  alcohol  ....  C^B^.CB.^CB.^.CR^{OB)  235 
Q  J  Secondary  phenylpropylic  alcohol  or  Ethyl- 

'     \      phenylcarbinol     ........  C,H,.CH(C,HJ.OH 

^Mesitol  or  Oxymesitylene (CH3)3C,H2.0H 

'  Cuminylic  alcohol C3H,.C,H,.CH,(0H) 

Secondary  phenylbutylic  alcohol  or  Propyl- 

fi^       phenylcarbinol C3H,.CH(CgHg).0H 

Thymol  or  a-Oxyparamethylpropylbenzene    I    -^  tt  /pvTTs  (  CH, 
^  Carvacrol  or  ^-Oxyparamethylpropylbenzene  J     ^    ^^        '  |  CgH, 
1,^0     Sycocerylic  alcohol C.gH^^.OH 


207^ 
198° 
200^ 
186= 

217° 

212*^ 

203° 

212*^ 
o 
214 

212° 

220" 


210 

? 

243' 


230 
233' 


*  The  value  of  m  may  be  o,  and  cannot  exceed  6  ;  where  there  are  several 
^n^in  +  I  groups  in  the  hydrocarbon  n  may  have  the  same  or  a  different  value- 
Ia  each. 


470  ALCOHOLS    OF    THE    C^Han-yOH    SERIES.  [1463. 

(1463)  Methods  of  Preparing  Phenols. — The  phenols  cannot 
be  obtained  from  the  mono-haloid  derivatives  of  the  hydrocar- 
bons of  the  benzene  series  in  which  the  halogen  is  associated 
with  the  Cg  gronp^  potassic  hydrate,  argentic  acetate,  &c.,  being 
entirely  without  action  on  these  compounds ;  but  they  are  pre- 
pared by  a  method  which  in  principle  is  the  same  as  that  by 
which  the  alcohols  of  the  ethylic  series  are  formed  from  the 
paraffins.  This  consists  in  converting  the  hydrocarbon  by  the 
action  of  concentrated  sulphuric  acid  into  a  mono-sulphonic  acid, 
and  carefully  fusing  the  potassic  salt  of  this  acid  with  about 
twice  its  weight  of  potassic  hydrate ;  thus  : 


C,H,      +      H3SO, 

=      CgH^.SOgH      +      OH2. 

Benzene. 

Benzenesulphonic  acid. 

:::gH5.so3K  -f  kho 

=     C,H,.OH      +      K^SO,. 

Potassic  benzenesulphonate.  Phenol. 

The  operation  is  one  requiring  great  care,  and  the  amount  of  phenol  produced 
is  always  much  below  the  theoretical  quantity.  The  fusion  should  be  conducted 
at  as  low  a  temperature  as  possible  in  a  silver  or  iron  dish,  and  the  mass  con- 
stantly stirred  in  order  to  avoid  secondary  reactions  ^  the  heating  is  continued 
until  it  is  ascertained,  by  taking  out  small  portions  from  time  to  time  and  adding 
acid,  that  the  amount  of  phenol  formed  does  not  increase.  The  phenols  are 
obtained  by  dissolving  the  fused  mass  in  water  and  supersaturating  the  solution 
with  hydrochloric  or  sulphuric  acid ;  the  oil  which  rises  to  the  surface  may  easily 
be  separated,  but  as  most  of  the  phenols  are  soluble  to  some  extent  in  water, 
the  solution  should  be  agitated  with  ether  to  extract  the  dissolved  phenol.  In 
order  to  free  the  crude  phenol  from  the  acids  with  which  it  is  frequently  con- 
taminated, and  which  are  produced  by  the  oxidizing  action  of  the  potassic 
hydrate,  it  is  shaken  with  a  saturated  solution  of  ammonic  carbonate,  by  which 
the  acids  are  dissolved.  It  is  then  often  advisable  to  distil  the  phenol  in  a 
current  of  steam  before  it  is  finally  purified  by  distillation  alone.  On  account 
of  their  high  boiling  points  the  phenols  can  usually  be  dehydrated  by  simple 
distillation  ;  it  is  seldom  desirable  to  employ  desiccating  agents,  but  exposure  over 
sulphuric  acid  in  vacuo  may  be  advantageously  resorted  to  in  some  instances 
as  a  means  of  removing  the  water. 

The  second  general  method  of  preparing  phenols  is  similar 
in  principle  to  that  by  which  the  alcohols  of  the  ethylic  series 
are  prepared  from  the  corresponding  amines.  The  hydrocarbon 
of  the  benzene  series  corresponding  to  the  phenol  required  is 
converted  by  the  action  of  concentrated  nitric  acid  into  the 
mononitro-derivative,  which  is  then  reduced  bj  tin  and  hydro- 
chloric acid,  or  some  other  suitable  reducing  agent,  to  the  amido- 
derivative  or  amine  ;  a  salt,  usually  the  nitrate,  of  this  amine 
is  then  submitted  to  the  action  of  nitrous  acid,  being  for  this 
purpose  either  suspended  or  dissolved  in  anhydrous  alcohol ;  the 
diazo-nitrate  thus  produced  is  converted  by  treatment  with   sul- 
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phuric  acid  into  the  corresponding  sulphatCj  and    finally  this  salt 
is  decomposed  by  heating  with  water.      For  example  : 


C,H,      +      HNO3     = 

C.H^.NO,    +      up. 

Benzene. 

Nitrobenzene. 

CeH^.NO,   +    3H,     = 

CgH-.NH^    +     ^^Hp. 

Nitrobenzene. 

AmidobeHzene. 

C,H,.NH3(N03)    +   HNO, 

=  CgH^.NglNOg)   4-    2,0R,. 

Amidobenzene  nitrate. 

Di  zobenzene  nitrate. 

C,H,.N,(HSO,)    +    OH, 

=  C,H,.OH  +  N,  +  H,SO,. 

Diazobenzene  sulphate. 

Phenol. 

I 


A  third  method  of  obtaining  phenols  is  by  distilling  oxy- 
acids  such  as  salicylic  acid,  CgH^(OH).COOH,  and  oxyuvitic  acid, 
CH3.CgH2(OH)(COOH)2,  with  lime  or  baryta,  and  thereby  ab- 
stracting the  elements  of  one  or  more  molecules  of  carbonic 
anhydride. 

(1464)  Methods  of  Preparing  Alcohols  of  the  Benzylic  Series. 
— There  are  three  methods  of  general  application,  which  are 
precisely  analogous  to  those  by  which  alcohols  of  the  ethylic 
series  are  prepared:  i.  The  monohaloid  derivatives  of  the 
hydrocarbons  of  the  benzene  series  prepared  by  the  action  of  the 
halogens  on  the  heated  hydrocarbons,  that  is  to  say,  those  which 
contain  the  halogen  in  the  side-chain,  are  converted  by  treatment 
with  potassic  acetate  into  the  corresponding  acetate,  which  is 
then  saponified ;  thus  : 

C,H,.CH,C1  +   KC,H30,   =  C,H,.CH,(C,H30,)   +   KCl. 

Benzylic  chloride.  Benzylic  acetate. 

C,R,.CU,{C,lip,)   +  KHO  =  CgH^.CHglOH)   +   l^C.Ufi,. 

Benzylic  acetate.  Benzylic  alcohol. 

2.  The  aldehydes  of  the  benzoic  series  are  heated  with  an  alco- 
holic solution  of  potassic  hydrate ;  a  portion  of  the  aldehyde  is 
thus  converted  into  the  corresponding  acid  of  the  benzoic  series, 
and  the  hydrogen  which  this  transformation  furnishes,  converts 
another  portion  of  the  aldehyde  into  the  alcohol.  In  this 
manner  only  primary  alcohols  are  formed.    For  example  : 

CgHg.COH    +   KHO   =  CgHg.COOK  +   H^. 

Benzoic  aldehyde.  Potassic  benzoate. 

CgHg.COH   +    Hg  =   CgH5.CH2(OH). 

Benzoic  aldehyde.  Benzylic  alcohol. 

3.  Lastly,  secondary  alcohols  of  the  benzylic  series  are  pro- 
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duced  by  the  action   of  nascent  hydrogen  on  the  ketones  of  the 
form  C„Hj,_,.CO.C,H,„^i ;  thus  : " 

CJI^.,.CO.CJi,,^,   +  H,  =  C,H,,_,.CH(OH).C„H^^i. 

C,H,.CO.CH3  +  H,  =  C,H,.CH(0H).CH3. 

Methylphenjlketone.  Methylphenylcarbinol. 

(1465)  General  Properties  of  the  Phenols  and  Alcohols  of  the 
Benzylic  Series. — i.  The  haloid  acids  are  without  action  upon 
the  phenols^  but  readily  convert  the  alcohols  of  the  benzylic  series 
into  the  corresponding  haloid  hydrocarbon  derivatives  : 

CgH5.CH2(OH)    +   HCl  =  CgHg.CHgCl   +   OH^. 

Benzylic  alcohol.  Benzylic  chloride. 

The  corresponding  haloid  derivatives  may  be  obtained  from  the 
phenols,  however,  by  the  action  of  phosphoric  pentachloride  or 
pentabromide  : 

CgH.OH    +   PCI5  =  CgH^Cl   +  POCI3  +    HCL 

Phenol.  Chlorobenzene. 

The  phosphoric  oxychloride  thus  produced  at  once  acts  upon 
another  portion  of  the  phenol  forming  the  corresponding  phos- 
phate : 

POCI3  +  sC^H.-OH  =  P0(0CjH,)3   +  3HCI. 

Phenol,  Phenylic  phosphate. 

2.  The  phenols  readily  dissolve  in,  and  enter  into  reaction 
with,  concentrated  sulphuric  acid,  forming  sulphonic  acids,  but  the 
alcohols  of  the  benzylic  series  are  resinified  by  treatment  with 
the  concentrated  acid : 

CgHg.OH  +  H2SO4  =  CgH,(0H).S03H  +  OH^. 

Phenol.  Phenolsulphonic  acid. 

3.  On  oxidation,  the  alcohols  of  the  benzylic  series  behave 
precisely  as  the  alcohols  of  the  ethylic  series,  the  CH^.OH  group 
of  the  primary  alcohols  being  oxidized  to  COOH,  and  the  CH.OH 
group  of  the  secondary  alcohols  to  CO ;  but  it  is  necessary  to 
effect  the  oxidation  with  extreme  care,  as  the  entire  side-chain 
is  liable  to  undergo  oxidation  in  the  manner  characteristic  of  the 
hydrocarbons  of  the  benzene  series.  The  phenols  behave  in  an 
entirely  different  manner,  and  mostly  furnish  quinones ;  probably, 
however,  the  first  product  of  oxidation  is  a  hydroquinone  or 
dihydric  alcohol  of  the  C„H2n_8(OH)2  series,  which  on  further 
oxidation  is  converted  into  the  quinone,  thus ; 
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C.H^.OH   +  (O  +  OH2)   =   C6H,(OH)2   +  OH2 

PhenoL  Hydroquinone. 

C,H,(OH),  +   (0  +  OH,)  =    C,HA  +   2OH,. 

Quinone. 

Since  the  hydroquinones  are  formed  by  the  displacement  of  an 
atom  of  hydrogen  in  the  phenol  which  occupies  the  para-position 
relatively  to  the  OH  group,  only  those  homologues  of  phenol 
furnish  quinones  on  oxidation  in  which  the  para-position  is  not 
occupied  by  a  side- chain ;  the  behaviour  of  phenols  which  do  not 
come  within  this  definition  is  not  known,  but  probably  they  will 
be  found  to  furnish  oxyacids  through  the  oxidation  of  the  side- 
chains  to  COOH.  All  the  homologues  of  phenol  behave  in  this 
manner,  that  is  to  say,  the  side-chains  are  oxidized  to  COOH, 
when  heated  with  fused  potassic  hydrate  ;  thus  the  three  isomeric 
cresols  furnish  the  potassic  salts  of  the  corresponding  oxy benzoic 
acids  when  fused  with  potassic  hydrate : 

CgH,(OH).CHg   +   2KHO  =   CgH4(0K).C00K  +    3H2. 

Cresol.  Dipotassic  salt  of  oxybenzoic  acid.. 

The  ethers  formed  by  displacing  the  hydrogen  in  the  OH  group 
by  methyl  or  ethyl  are  similarly  oxidized  by  the  ordinary  reagents, 
such  as  chromic  acid  and  potassic  permanganate,  and  afibrd  most 
important  aid  in  the  investigation  of  the  constitution  of  the 
phenols;  for  example,  the  methylic  ethers  derived  from  the 
cresols  are  readily  converted  into  corresponding  methoxybenzoic 
acids  on  oxidation : 

C!gH,(OCH3).CH3  +  3(0  +  OH2)  =  CgH,(OCH3).COOH  +  40H2. 

Cresylmethylether.  Methoxybenzoic  acid. 

4.  The  phenols  are  mostly  converted  by  the  action  of  nitric 
icid  into  well  characterized  nitro-derivatives,  thus  : 

CgHg.OH    -H    HNO3  =    CgH,(N03).0H    -f    OH^; 

Phenol,  Nitrophenol. 

>ut  the  alcohols  of  the  benzylic  series  are  oxidized  by  this  reagent, 
lenzylic  alcohol,  CgH5.CH3(OH),  being  converted  into  benzoic 
Idehyde,  CgHg.COH,  and  ultimately  into  benzoic  acid. 

5.  The  monohydric  alcohols  derived  from  benzene,  like  the 
Icohols  of  the  ethylic  series,  furnish  metallic  derivatives,  dissolv- 
ig  sodium  and  potassium  with  evolution  of  hydrogen : 


i 


aCgHg.OH   +   2Na   =   CgH^.ONa   +   Hg 

Phenol.  Sodium  phenol. 
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But  the  phenols  dissolve  readily  even  in  aqueous  solutions  of  the 
alkaline  hydrates ;  moreover  their  metallic  derivatives  are  ex- 
ceedingly stable  as  compared  with  those  of  the  alcohols  of  the 
ethylic  series,  and  may  in  many  instances  be  recovered  from  their 
aqueous  solutions  by  evaporation.  On  account  of  this  beha- 
viour the  phenols  are  often  spoken  of  as  acids,  phenol  itself 
having  long  received  the  name  of  carbolic  acid.  It  is  to  be 
noticed  that  the  acid  properties  of  the  phenols  become  less  pro- 
nounced as  the  series  is  ascended ;  on  the  other  hand,  the  intro- 
duction of  negative  radicles  such  as  the  halogens  and  (NOg) 
renders  them  more  pronounced.  Thus  the  higher  haloid  and  the 
nitro-derivatives  of  the  phenols  not  only  dissolve  in  aqueous 
solutions  of  the  alkaline  hydrates,  but  they  decompose  the 
metallic  carbonates  with  effervescence  forming  corresponding 
metallic  derivatives. 

One  of  the  most  characteristic  properties  of  the  potassium 
and  sodium  derivatives  of  the  phenols  is  their  power  to  enter 
directly  into  combination  with  carbonic  anhydride,  forming  salts 
of  the  corresponding  oxy-acids.  For  example,  when  sodium 
phenol  is  heated  in  an  atmosphere  of  carbonic  anhydride 
disodium  salicylate  is  produced  and  phenol  distils  over : 

fzCgH^.ONa   +  COg   =  CgH,(ONa).COONa   +   CgH^.OH. 

Sodium  phenoL  Disodiutn  salicj  late.  Phenol. 

The  reaction,  however,  probably  occurs  in  two  stages,  a  disodium 
phenol  being  first  produced  from  two  molecules  of  the  sodium 
phenol : 

CgHg.ONa  +  CgK^.ONa  =  CgH.Na.ONa   +    CgH^-OH ; 

Sodium  phenol.  Sodium  phenol.  Disodium  phenol.  Phenol. 

which  at  the  moment  of  formation  enters  into  reaction  with  the 
carbonic  anhydride. 

CgH^Na(ONa)    +   CO^   =   CgH4(0Na).C00Na. 

Disodium  phenol.  Disodium  salicylate. 

6.  When  distilled  over  heated  zinc  dust  the  phenols  are  con- 
verted into  the  corresponding  hydrocarbons  of  the  benzene  series ; 
for  example  : 

CgH^.OH    +    Zn  =   C,Hg    +  ZnO. 

Phenol.  Benzene. 

7.  Many  of  the  phenols  and  of  their  derivatives  when  mixed 
with  a  solution  of  ferric  chloride  produce  characteristic  colours; 
phenol;  for  example,  furnishes  a  violet  solution. 


I 
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(14(56)  Phenol.  Oxybenzene,  Phenylic  Hydrate  or  Carbolic 
Acid :  Cglig.OH  =  94. — Phenol  may  be  obtained  by  the 
general  methods  above  described  from  benzene  and  the  oxy- 
benzoic  acids,,  and  it  is  also  formed  in  small  quantity,  together 
with  glyceric  ether  and  other  products,  when  glycerin  is  distilled 
with  calcic  chloride  (Linnemann  and  von  Zotta,  Ann.  Chem. 
Pharm,  Slip.,  viii.  254).  It  appears  also  to  be  produced  when 
glycerin  is  heated  with  other  dehydrating  agents  such  as  zincic 
chloride  and  hydric  potassic  sulphate,  and  by  the  action  of  a 
concentrated  solution  of  potassic  hydrate  on  glyceric  ether, 
(03115)203.  According  to  Berthelot,  by  heating  acetylene  with 
fuming  sulphuric  acid  it  is  converted  into  acetylenesulphonic 
acid,  CgH.SOgH,  and  on  fusing  the  potassic  salt  of  this  acid  with 
potassic  hydrate  phenol  is  obtained  {Compt.  Rend.,  Ixviii.  539). 
The  chief  source  of  phenol,  however,  is  coal-tar,  from  which  it 
may  be  prepared  in  the  following  manner : 

By  treating  light  coal-tar  naphtha,  or  the  portion  of  coal-tar  oil  boiling  at 
about  150° — 200^(302° — 392°  F.),  with  a  solution  of  sodic  hydrate  or  milk  of 
lime,  all  the  acid  substances  present  and  a  not  inconsiderable  quantity  of  naph- 
thalene are  dissolved ;  much  of  the  naphthalene  is  precipitated  on  diluting  with 
water,  and  if  the  solution  be  then  exposed  to  the  air  in  shallow  vessels  for 
several  days  it  turns  dark  brown,  and  certain  impurities  are  thus  removed  by 
oxidation.  The  acid  substances  present  in  this  solution  consist  of  phenol  and 
its  homologues  and  bodies  of  unknown  composition,  but  phenol  appears  to  possess 
more  pronounced  acid  properties  than  any  of  the  bodies  with  which  it  is  asso- 
ciated ;  hence,  on  adding  insufficient  acid  to  precipitate  the  whole  of  the  acid  com- 
pounds, chiefly  phenol  remains  in  solution,  so  that  by  the  addition  of  successive 
quantities  of  sulphuric  acid  the  greater  part  of  the  impurities  are  removed,  and 
the  oil  which  finally  separates  on  supersaturating  the  solution  with  acid  is  com- 
paratively pure  phenol.  It  is  further  purified  by  fractional  distillation,  and  the 
portion  which  comes  over  a  few  degrees  below  and  above  182°  (359°'6  F.)  is 
well  cooled  ;  it  then  solidifies  to  a  mass  of  crystals,  from  which  the  liquid  portion 
is  removed  by  draining  and  pressing,  or  by  means  of  a  centrifugal  machine.  In 
order  to  separate  phenol  from  its  homologues  advantage  may  also  be  taken  of 
the  property  it  possesses  of  forming  a  crystalline  hydrate  with  water.  In  pre- 
paring pure  phenol,  it  is  necessary  to  repeat  the  solution  in  alkali  and  fractional 
precipitation  before  proceeding  to  rectify  the  oil. 

Phenol  crystallizes  in  long  colourless  needles,  which  melt  at 
about  39°  {102''' 2  F.);  it  boils  at  382°  (359°-6  F.),  and  at  46'' 
(ii4°'8  F.)  has  the  specific  gravity  1*056.  It  possesses  a  pecu- 
liar characteristic  not  unpleasant  odour.  It  is  moderately 
soluble  in  water,  and  forms  with  it  a  hydrate,  2CgHgO,OH2, 
which  crystallizes  in  large  six-sided  prisms ;  it  is  extremely 
soluble  in  alcohol,  ether,  acetic  acid,  carbon  disulphide,  chloro- 
form and  hydrocarbons  of  the  benzene  series.  The  aqueous 
solution  of  phenol  does  not  redden  litmus  ;  it  coagulates 
albumen,  and  on  this  account,  apparently,  it  is  a  most  valuable 
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antiseptic,  preventing  fermentation  and  putrefaction,  and  there- 
fore preserving  animal  substances  from  decomposition.  Phenol 
itself  is  a  powerful  caustic,  and  when  applied  to  the  skin  at  once 
whitens  it ;  many  of  the  haloid  derivatives  of  phenol  exhibit  this 
property  to  a  more  pronounced  extent. 

Phenol  is  an  extremely  stable  body,  and  undergoes  very  little 
decomposition  when  passed  through  a  tube  heated  to  bright  red- 
ness. When  fused  with  an  excess  of  potassic  hydrate  until  the 
mass  assumes  the  consistence  of  a  thick  syrup,  abundance  of 
hydrogen  is  evolved,  and  although  diphenol,  Cj2Hg(OH)2,  together 
with  salicylic  and  oxybenzoic  acids  and  other  substances  of  un- 
known composition  are  produced,  at  least  half  the  phenol 
employed  remains  unaltered,  la — 15  per  cent,  being  obtained  in 
the  form  of  diphenol,  but  the  amount  of  acids  produced  does  not 
exceed  i  per  cent,  of  the  phenol  decomposed  (Barth,  Ann.  Chem. 
Pharm.y  clvi.  93). 

By  careful  oxidation  with  chromic  acid,  phenol  is  converted 
into  phenoquinonej  C^gH^^O^  (Wichelhaus,  Deut.  chem.  Ges.  Ber., 
V.  248;  846).  The  oxidation  probably  takes  place  in  the  manner 
already  pointed  out  (p.  472),  hydroquinone  being  first  pro- 
duced, and  converted  into  phenoquinone  by  the  conjoint  action 
of  phenol  and  the  oxidizing  agent ;  thus  : 

^«^^i0H    +    HO.CX    ^    ^(^^^^^)    =    ^^^^{O.OCX   ^    4^^^^- 

Hydroquinone.  PhenoL  Phenoquinone. 

(1467)  Nitro-derivatives  of  Phenol. — Nitric  acid  acts  very 
violently  upon  phenol,  but  by  employing  acids  of  various  degrees 
of  concentration  a  series  of  nitrophenols  may  be  obtained. 
The  first  product  is  a  mixture  of  paranitrophenol  with  the 
isomeric  orthonitrophenol,  CgH4(N02).OH ;  on  further  nitration 
paranitrophenol  is  converted  into  a-  or  paraorthodinitrophenoly 
CgH3(N02)2.0H,  orthonitrophenol  yielding  the  same  compound, 
together  with  the  isomeric  j3-  or  diorthodinitrophenol.  Both  of 
these  dinitrophenols  furnish  the  same  trinitropheuol  or  picric  acid, 
CgH2(N02)3.0H,  on  treatment  with  nitric  acid.  A  metanitrophenol 
is  produced  from  the  metamidonitrobenzene  formed  by  the  partial 
reduction  of  metadinitrobenzene  (p.  324)  by  a  series  of  re- 
actions similar  to  those  by  which  the  phenols  are  prepared  from 
the  amido-derivatives  of  the  hydrocarbons  of  the  benzene  series 
(p.  470) ;  nitric  acid  converts  it  into  a  mixture  of  two  isomeric 
dinitrophenols,  which  are  not  identical  with  those  obtained  from 
ortho-  and  paranitrophenol ;  on  further  nitration  these  furnish  a 
trinitrophenol  isomeric  with  that  directly  produced  from  phenol 
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(Bantlin,  Deut.  chem.  Ges.  Ber.,  viii.  21).       Higlier  nitro-deriva- 
tives  of  phenol  are  not  known. 

The  nitrophenols  are  all  crystalline  substances  more  or  less 
yellow  in  colour,  slightly  soluble  in  cold  water,  and  not  soluble 
to  any  great  extent  m  boiling  water ;  they  are  all  readily  soluble 
in  alcohol  and  ether.  Their  properties  are  summarized  in  the 
following  table  : 


Name. 

Formula. 

Constitution, 

the  OH  group 

being  in  the 

pos.  I. 

Appearance. 

M.P.°C. 

Paranitrophenol    .... 
Metanitrophenol    .... 
Orthonitrophenol   .... 
Or  or  Paraorthodinitrophenol 

^-  or  Diorthodinitroplienol . 
y- Dinitrophenol    .... 
S- Dinitrophenol    .... 

Trmitrophcnol 

(from  phenol) 
Trinitrophenol 

(jfrom  metanitrophenol) 

■ — ^ ' 

C6H4(N02)0H 
» 

C6H8(N02)a0H 
»» 

C6H2(N02)30H 

1:4 

1:3 

I  :  3 

1:2:4 

1:2:6 

I  :  3  ••  (?)  6 

I  :  3  :  (?)  4 

1:2:4:6 

(?)  I  :  3  :  4  :  6 

White  prisms;  non-volatile 

Almost   colourless  prisms ; 

non-volatile. 
Pale    yellow   prisms;   very 

volatile. 
Striated      yellowish  -  white 

plates  united  in  fern-like 

forms. 
Slender  short    pale  yellow 

needles. 
Slender  short   pale   yellow 

needles ;  volatile. 
Long     slender     glistening 

needles;  non-volatile. 
Pale  yellow  laminae    .    .    , 

Pale     yellow     transparent 
prims. 

114° 
96° 
45° 
114° 

64° 
104° 
141° 
120° 

The  nitrophenols  readily^  enter  into  reaction  with  metallic 
carbonates,  and  furnish  a  series  of  magnificently  crystalline 
metallic  derivatives,  all  more  or  less  soluble  in  water ;  many  of 
these  derivatives  are  of  great  beauty.  They  vary  in  colour  from 
Je  yellow  to  brilliant  crimson.  The  nitrophenols  and  their 
metallic  derivatives  all  deflagrate  more  or  less  violently  when 
ignited  ;  many  of  them,  especially  the  more  highly  nitrated  ones, 
such  as  trinitrophenol  and  its  derivatives,  explode  with  consider- 
able violence. 

(1468)  Nitrosophenol :  CgH4(N0).0H. — This  compound  is 
the  product  of  the  action  of  nitrous  acid  on  phenol,  but  its  pre- 
paration requires  great  care.  It  crystallizes  in  large  brown 
rhombic  plates,  moderately  soluble  in  water;  it  melts  when 
heated,  and  at  120° — 130"^  (248° — 266°  F.)  decomposes  with  a 
slight  explosion.  It  is  readily  soluble  in  a  dilute  solution  of 
sodic  hydrate,  and  on  the  addition  of  a  concentrated  solution 
of  the  alkali  sodium  nitrosophenol,  CgH^(NO).ONa,  separates  in 
reddish-brown  needles.  By  reduction  with  tin  and  hydro- 
chloric acid  it  is  converted  into  paramidophenol,  CgH,(NHJ.OH. 
On  oxidation  by   nitric  acid^   or    by  an    alkaline    solution    of 
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potassic  ferricyanidej  it  is  very  readily  converted  into  paranitro- 
phenol. 

(1469)  Amido-  and  Amidonitro- derivatives  of  Phenol. — The  nitroplienols 
are  readily  converted  by  the  action  of  reducing  agents,  such  as  tin  and  hydro- 
chloric acid,  into  the  corresponding  amidophenols.  At  present  only  the  amido- 
phenols  derived  from  para-  and  orthonitrophenol,  CgH^(NH2).0H,  a-dinitrophenol, 
C,H3(NH2)2.0H,  and  the  trinitrophenol  produced  from  phenol,  CgH^CNH^jg.OH, 
have  been  prepared.  They  are  colourless  crystalline  bodies,  but  on  account  of 
the  readiness  with  vphich  they  undergo  oxidation  it  is  difficult  to  prepare  them 
in  a  pure  stale.  They  form  well-crystallized  salts  with  various  acids;  thus 
paramidophenol  combines  with  hydrochloric  acid,  forming  the  hydrochloride, 
CgH4(NH3Cl).0H,  which  crystallizes  in  long  colourless  needles ;  similarly, 
diamidophenol  furnishes  the  hydrochloride  CgHg(NH3Cl)2.0H,  and  triamido- 
pbenol  the  hydrochloride  CgH2(NH3Cl)3.0H. 

By  the  employment  of  less  energetic  reducing  agents,  such  as  ammonic 
sulphydrate,  the  higher  nitrophenols  may  be  partially  reduced  and  converted  into 
amidonitrophenols.  At  present  only  the  compounds  CgH3(N02)(NH2).OH  from 
a-dinitrophenol  and  CgH2(N0,),(NH„).0H  and  C,H^(N02)(NHJ.0H  from  tri- 
nitrophenol have  been  prepared.  By  the  employment  of  an  alcoholic  solution  of 
ammonic  sulphydrate,  amidodinitrophenol  or  picramic  acid  alone  is  formed,  whilst 
with  an  aqueous  solution,  although  the  same  compound  is  first  produced,  it  is 
converted,  by  the  further  action  of  the  aqueous  sulphydrate,  into  diamidonitro- 
phenol.  These  compounds  crystallize  in  deep  yellow  or  reddish-brown  crystals  ; 
they  exhibit  both  basic  and  acid  properties,  combining  with  acids  to  form  salts 
such  as  CgH2(N02)2(NH3Cl).OH,  and  furnishing  metallic  derivatives,  such  as 
CgH2(N02)(NH2)2.0Ag.  Both  amidodinitro-  and  diamidonitrophenol,  however, 
are  only  monacid  bases,  that  is  to  say,  they  combine  with  only  a  single  molecule 
of  a  monobasic  acid ;  but  diamidonitrophenol  has  far  stronger  basic  properties 
than  amidodinitrophenol,  being  soluble  even  in  very  dilute  solutions  of  the 
mineral  acids  and  forming  stable  salts,  whilst  amidodinitrophenol  dissolves  only  in 
concentrated  acids,  and  is  again  precipitated  on  the  addition  of  water.  On  the 
other  hand,  the  metallic  derivatives  of  diamidonitrophenol  are  far  less  stable  than 
those  of  amidodinitrophenol,  and  undergo  oxidation  when  exposed  to  the  air  in  a 
moist  state. 

When  amidonitrophenol  is  warmed  with  ethylic  nitrite,  the  NHg  group  ia 
displaced  by  hydrogen  and  jparanitrophenol  is  produced,  thus  proving  that  in  the 
formation  of  the  amido-derivative  from  paraorthodinitrophenol  the  NO2  group, 
which  occupies  the  ortho-position,  is  reduced.  Similarly,  amidodinitrophenol  is 
converted  into  a-dinitrophenol  by  treatment  with  ethylic  nitrite,  proving  that  in 
the  reduction  of  trinitrophenol  one  of  the  NO2  groups  in  the  ortho-position  is 
converted  into  the  NH^  group ;  although  it  has  not  been  directly  proved,  it  is 
probable  that  the  nitro-group  in  diamidonitrophenol  is  in  the  para-position,  and 
that  in  its  formation  from  trinitrophenol  the  two  NO^  groups  in  the  ortho- 
position  undergo  reduction. 

(1470)  SuJphonic  Acids  derived  from  Phenol. — Phenol  readily 
dissolves  in  concentrated  sulphuric  acid,  a  considerable  amount 
of  heat  being  developed.  The  product  is  a  mixture  of  the  isomeric 
phenolortho-  and  phenolpGrasulphomc  acid,  CgH^(0H).S03H. 
When  the  phenol  and  acid  are  slowly  mixed,  and  the  mixture 
prevented  from  becoming  hot,  the  product  chiefly  consists  of  the 
former^  but  much  phenol  remains  unattacked.     By  heating  for 
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some  time  to  about  ioo°  (212°  F,)  the  conversion  into  sulpho- 
acids  may  be  rendered  almost  perfect,  even  when  little  more  than 
the  theoretical  quantity  of  acid  is  employed,  but  the  orthosulpho- 
acid  then  in  great  part  undergoes  conversion  into  the  isomeric 
para-acid,  although,  apparently,  however  long  the  heating  be 
continued,  the  product  always  contains  a  small  amount  of  the 
phenolorthosulphonic  acid. 

Phenolmetasulphonic  acid  cannot  be  directly  produced  from 
phenol,  but  it  is  obtained  by  displacing  the  NHg  group  in  met- 
amidobenzenesul phonic  acid  by  OH  by  Griess's  method  (p.  471), 
and  as  potassic  salt  by  fusing  potassic  benzenemetadisulphonate 
with  potassic  hydrate  (Barth  and  Senhofer,  Deut.  chem.  Ges.  Ber.y 
ix.  969) : 

CgH,(S03K),  +   KHO   =  C,H,(0H).S03K    +   K^SOg. 

Potassic  benzenemetadi-  Potassic  phenolmeta- 

sulphonate.  sulphonate. 

By  digesting  phenol  with  a  considerable  excess  of  a  mixture 
of  ordinary  and  Nordhausen  sulphuric  acid  at  about  100°  (212°  F.) 

I  it  is  converted  into  phenoldisulphonic  acid,  C^,H3(OH)(S03H)2. 
Lastly,  by  heating  phenol  with  a  mixture  of  concentrated  sul- 
phuric acid  and  phosphoric  anhydride  in  sealed  tubes   to   about 

ii8o°   (356°  ¥.),  a  phetioltrisulphonic   acid,  CgH2(OH)(S03H)3,  is 

I  produced. 

'  By  heating  these  sulpho-acids  or  their  salts  with  hydro- 
chloric or  dilute  sulphuric  acid  in  closed  vessels,  they  are  all 
completely  decomposed  with  more  or  less  readiness,  phenol  being 
reproduced,  thus : 

CgH,{0H).S03K    -h  OH2  =   CgHj.OH    +  KHSO^. 

iThe  sulpho-acids  derived  from  the  homologues  of  phenol  and  the 
Ihaloid  sulpho-acids  of  the  phenols  behave  similarly.  The  decom- 
position takes  place  at  temperatures  varying  from  100° — 200° 
1(212° — 392°  F.),  according  to  the  nature  of  the  compound  and 
Ithe  strength  of  the  acid  employed;  concentrated  hydrochloric 
acid  is  to  be  preferred.  The  salts  of  the  phenolsulphonic  acids 
usually  crystallize  well,  and  are  therefore  readily  purified,  and 
the  isomeric  and  homologous  sulpho-salts  may,  in  most  cases,  be 
separated  without  any  great  difficulty  by  fractional  crystallization, 
whereas  the  homologous  and  isomeric  phenols  and  haloid  phenol 
derivatives  are  usually  extremely  difficult  to  separate.  This  reaction 
therefore  is  of  considerable  practical  value,  as  it  often  affords  a 
means  of  separating  isomeric  and  homologous  phenols  or  their 
derivatives,  and   of  obtaining  them  in  a  pure  state  ;  the  mixed 
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product  being  converted  into  sulpho- acids,  the  salts  of  the  sulpho- 
acids  separated  by  appropriate  means^  and  then  decomposed  by 
heating  with  hydrochloric  acid. 

( 1 47 1 )  Haloid  Derivatives  of  Phenol. — Chlorine  and  bromine  act 
very  readily  upon  phenol,  much  heat  being  developed;  iodo- 
phenols  are  obtained  by  the  action  of  iodine  on  phenol  in  presence 
of  mercuric  oxide  or  iodic  acid.  Haloid  derivatives  of  phenol 
may  also  be  prepared  by  Griess^s  method  from  the  haloid  amido- 
derivatives  of  benzene  in  the  same  manner  that  phenol  itself  is 
produced  from  amidobenzene  or  aniline. 

Chlorophenols. — The  first  product  of  the  action  of  chlorine  on 
phenol  is  a  mixture  of  para-  and  or  i  ho  chlorophenols  CgH^Cl.OH, 
which  may  be  separated  by  repeated  fractional  distillation ;  the 
isomeric  metachlorophenol  has  not  been  directly  produced  from 
phenol,  but  it  may  be  obtained  from  metachloramidobenzene  or 
metachloraniline.  Parachlorophenol  is  converted  into  para- 
orthodichlorophenol,  CgHgClg.OH,  by  the  action  of  chlorine,  and 
the  same  dichloro phenol,  together  with  the  isomeric  diorthochloro- 
phenol,  is  furnished  by  orthochlorophenol.  Both  these  dichloro- 
phenols  yield  the  same  diorthoparatrichlorophenoly  CgHgClg.OH, 
on  further  chlorination. 

The  conversion  of  phenol  into  trichlorophenol  is  effected  by 
merely  passing  chlorine  into  the  phenol,  which  towards  the  close  of 
the  operation  is  heated  on  the  water  bath,  linger  ordinary  conditions, 
such  as  these  may  be  considered,  it  is  not  possible  to  displace  more 
than  three  atoms  of  hydrogen  in  phenol  by  chlorine,  but  when 
chlorine  is  passed  into  a  mixture  of  phenol  and  antimonious 
chloride,  which  is  heated  at  first  on  the  water  bath,  and  after- 
wards in  a  salt  bath,  until  hydrochloric  acid  is  no  longer  evolved, 
pentachlorophenoly  CgCl^-OH,  is  produced.  Tetrachlorophenol  has 
not  been  obtained.  The  properties  of  the  chlorophenols  are 
summarized  in  the  following  table : 


Name. 

Formula. 

Constitu- 
tion. 

Appearance. 

M.P.  "C. 

B.P.  °C. 

Parachlorophenol    .... 

CgHiCLOH 

1:4 

Colourless  needles     . 

41° 

ai8° 

Metachlorophenol    .... 

" 

1:3 

Colourless  oil    .    .    . 

- 

214° 

Orthochlorophenol  .... 

»> 

1:2 

Colourless  needles .    . 

f 

177° 

Paraorthodichlorophenol .    . 

C6H3CI2.OH 

1:2:4 

Six-sided  needles   .    . 

43° 

209° 

Diorthodlchlorophenol     .    . 

»> 

I  ;2:6 

Colourless  needles .    . 

6S° 

ai9° 

Paradiorthotrichlorophenol . 

CeHaCis-OH 

1:2:4:^ 

White  woolly  needles 

68° 

344° 

Pentachlorophenol  .    . 

CeCls.GH 

- 

Colourless  needles  .    . 

186° 

— 
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"With  the  exception  of  pentachlorophenol,  which  is  odourless 
when  cold,  but  has  an  intensely  sharp  odour  and  causes  coughing 
when  heated,  the  chlorophenols  all  possess  an  extremely  unplea- 
sant and  persistent  odour.  Like  phenol,  they  furnish  metallic 
derivatives,  and  the  mono-,  di-  and  trichlorophenols  even  appear  to 
possess  more  pronounced  acid  properties  than  phenol  itself.  They 
are  almost  insoluble  in  water,  but  readily  soluble  in  ether  and 
other  menstrua.  They  are  very  stable  compounds,  being  reduced 
but  slowly  by  nascent  hydrogen  when  treated  with  sodium 
amalgam  and  water;  they  are  decomposed  by  heating  with 
fused  potassic  hydrate,  but  the  immediate  products  are  not 
obtained,  excepting  from  the  monochlorophenols,  which 
the  corresponding  dioxybenzenes,  owing  to  their  decoHi|j6^i^fefi:  Dy  ^'B, 
the  potassic  hydrate.  f  U  7\T  Y  rr      '  ^"^ 

Bromophenols. — These  compounds  exhibit  the  closest  rese\»blai|ce  to  th'6^  *t  ij 
chlorophenols,  but  are  less  stable  substances.     By  the  first  action   o^W^J^io^  ^t" 
l^henol  a  mixture  o? para-  and  orthobromopJienol  is  produced,  and  untkj^  cejct^iin'^  '-,<  ^^ 
conditions  not  yet  defined  metabromophenol  also  appears  to  be  formed.     Th»    -.,■  - 
further  action  of  bromine   on   para-  and  orthobromophenol  is  similar  to  that  of 
chlorine  on  the  corresponding  chlorophenols,  and   ceases  under  ordinary  condi- 
tions  with  the  production  of  trihromophenol ;   metabromophenol,  however,    is 
directly  convertible,  without   heating   to   an    elevated   temperature,   into   tetra- 
bromophenol.       By    heating    trihromophenol    with    bromine    to    170° — iSo° 
(338° — 356°  F.)  it  is  converted  into  tetrabromophenol,  and  on  further  heating 
with  excess  of  bromine  to   210° — 220°  (410° — 428°  F.)  ^ew^abromophenol  is 
produced.     The  following  table  exhibits   the  properties  of  the  various   bromo- 
phenols  with  which  we  are  acquainted: 


Name. 

Formula. 

Constitu- 
tion. 

Appearance. 

M.P.  °C. 

B.P.  °C. 

Parabromophenol  .... 

CsH^Br.OH 

1:4 

Large  monoclinic  prisms 

66° 

236° 

Metabromophenol .... 

" 

1:3 

Colourless  oil  ...    . 

... 

228° 

Orthobromophenol     .    .    . 

»» 

I  :  2 

n            »»            ... 

... 

- 

Paraorthodibromophenol    . 

CeHsBra.OH 

1:2:4 

Colourless  prisms .    .    . 

40° 

- 

Paradiorthotribromophenol 

CeUgBrs.OH 

1:2:4:6 

White  silky  needles  .    . 

93° 

- 

Tetrabromophenol .... 

C6HBr4.0H 

Colourless  needles     .    . 

120° 

- 

Pentabromophenol .    .    .    . 

CeBrs.OH 

>i              „         .    . 

22f 

— 

^1  lodophenols. — The  nature  of  the  moniodophenols  formed  from  phenol  by 
bhe  action  of  iodine  in  presence  of  mercuric  oxide  or  iodic  acid  is  not  yet  satis- 
i'actorily  determined,  but  apparently  the  three  isomeric  moniodophenols  are 
jimultaneously  produced.  Pure  paraiodophenol  may  be  obtained  by  Griess's 
nethod  from  pararaidophenol,  and  orthiodophenol  is  prepared  in  a  similar  manner 
:rom  orthamidophenol ;  metiodophenol  is  obtained  by  displacing  the  NH^ 
^roup  in  metiodaniline  from  metadinitrobenzene  by  OH.  They  are  white 
crystalline  substances,  possessing  a  feeble,  unpleasant,  and  most  persistent  odour. 
The  only  other  iodophenols  known  are  a  di-  and  a  triiodophenol,  which  crystal- 
3  I  I 
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lize  in  white  needles.     The  melting  points  of  these  compounds  are  given  in  the 
following  table  : 


Name. 

Formula. 

Constitution. 

M.P.°C. 

Paraiodophenol      .... 
Metiodophenol       .... 
Orthiodophenol     .... 

Diiodophenol 

Triiodophenol 

C^HJ.OH 
»» 

C,H,I,.OH 
C.H,I,.OH 

I  .-4 

I  :  3 
I  :  2 

(?)  I  :  2  :  4 
(?)  1  :  2  :  4  :  6 

65° 
89° 

< 
150° 
156° 

(1472)  Haloid  Nitro-derivatives  of  Fhenol. — The  monohaloid  derivatives 
of  phenol  readily  furnish  mono-  and  dinitro-derivatives  on  treatment  with  nitric 
acid,  and  the  dihaloid  derivatives  are  converted  by  nitric  acid  into  mono-nitro- 
compounds;  but  corresponding  nitro-derivatives  cannot  be  obtained  from  the 
trihaloid  derivatives  of  phenol,  trichlorophenol  being  converted  into  dichloro- 
quinone,  CgHgClgOj,  by  the  action  of  nitric  acid,  whilst  tribromophenol  furnishes 
a  paranitrodihromojphenol,  CgH2Br2(N02).OH,  one  of  the  bromine  atoms  being 
displaced  by  the  NOj  group.  On  the  other  hand,  the  nitrophe'nols  readily  enter 
into  reaction  with  the  halogens,  producing  mono-  and  di-haloid  nitro-derivatives,. 
whilst  the  dinitrophenols  furnish  monohaloid  derivatives ;  trinitrophenol,  how- 
ever, is  converted  into  chlor-a-dinitrophenol  by  the  action  of  chlorine  in  presence 
of  iodine,  and  into  brom-a-dinitrophenol  by  the  action  of  bromine,  one  of  the 
NOg  groups  in  the  ortho-position  being  displaced  by  the  halogen. 

Two  isomeric  mononitro-derivatives  are  simultaneously  produced  by  nitrating 
the  ortho-monohaloid  derivatives    of  phenol,  both  of  which  furnish  the  same 
dinitro-monohaloid  phenol  on  further  nitration.     Thus,  orthochlorophenol  is  conj 
verted  by  nitric  acid  into  a  mixture  of  orthochloroparanitrophenol  and  orthqB 
chlororthonitrophenol,  both  of  which  on  further  treatment  furnish  orthochlor^ 
orthoparadinitrophenol.     Similarly,  two  isomeric  mononitro-monohaloid  deriva- 
tives are  simultaneously  formed  by  the  action   of  halogens  on  orthonitrophenoi 
and  these  both  furnish  the  same  dihaloid-nitrophenol.     The   para-haloid  deriv^ 
tives  and  paranitrophenol  do  not  yield  isomeric  compounds  ;   the  behaviour 
metanitrophenol  and  of  the  meta- monohaloid  derivatives  of  phenol  has  not 
studied,  but  there   is  little  doubt  that,  like  the  ortho-derivatives,  they  will  fur- ' 
nish  mixtures  of  isomerides. 

Haloid-nitro-derivatives  of  phenol  are  also  produced  by  the  action  of  alkalies 
on  certain  of  the  haloid-nitro-  and  haloid-nitro-amido-derivatives  of  benzene. 
thus,  the  two  isomeric  dinitroparadichlorobenzenes  furnish  the  sodic  salts  of  cor- 
responding dinitroparachlorophenols  when  digested  with  sodic  hydrate  solution 
and  bromodinitroaniline,  CgH2Br(N02)2.NH2  (NH^ :  Br :  NO^ :  NO^  =  i  :  2  :  4 :  6) 
is  converted  into  the  potassic  salt  of  bromo-a-dinitrophenol  by  heating  wit 
potassic  hydrate  solution. 

The  haloid-nitro-derivatives  of  phenol  are   all  crystalline  bodies  of  vanou 
shades  of  yellow  in  colour.     They  exhibit  pronounced  acid  properties,  and  fu 
nish  a  most  beautiful  series  of  well-crystallized  salts,  varying  in  colour  fron 
yellow  to  brilliant  crimson,  and  more  or  less  soluble   in  water.     The  metalli^ 
derivatives  of  the  nitrohaloidphenols  derived  from  paranitrophenol  and  a-dinit 
phenol  are  yellow  or  orange ;  those  derived  from  orthonitrophenol  and  jS-dinit 
phenol  are  mostly  deep  orange  or  red.     The  bromo- derivatives  are  mostly  of  li 
deeper  colour  than  the  corresponding  chloro-derivatives,  and  the  iodo-derivativei « 
of  a  deeper  colour  than  the  corresponding  bromo-derivatives.     The  meta-deriva 
tives  have  been  too  little  studied  to  enable  us  to  state  in  general  terms  wha 
their  properties  are. 


!riva- 
lenotai 


I473-]  HALOID-NITROPHENOLS.  483 

The  following  table  includes  all  the  haloid-nitrophenols  at  present  known ; 


Colour  of 

c 

Name. 

Formula. 

Constitution. 

Potassium 
Derivative- 

M.P.°    • 

Orthochloroparanitrophenol  .     .     . 

CeH3Cl(N02)OH 

I  :2:4 

Yellow 

ni° 

Orthochlororthonitrophenol  .     . 

if 

1  :2:6 

Red 

70° 

Parachlororthonitrophenol     .     .     . 

>» 

r  :4  '.2 

Eed 

87° 

Diorthochloroparanitropheno]     . 

C,fcr,Cl,(NO,)OH 

I  : 2 : 6  :4 

Orange 

125° 

Orthoparadichlororthonitrophenol  . 

>». 

1:2:4:6 

Eed 

121° 

Parachlorodiorthonitrophenol     . 

C6H2C1(N02)20H 

1:4:2:6 

Eed 

81° 

Orthochloroparaorthodinitrophenol 

}i 

1:2  :4  :6 

Yellow 

111° 

Metachloroparaorthodinitrophenol . 

}i 

i:3:(4:6?) 

Yellow 

? 

Parachlororthometadinitrophenol    . 

i:4:(6:3?) 

Eed 

70° 

Orthobrornoparanitrophenol       .     . 

CeH3Br(N0,)0H 

1:2:4 

Yellow 

102° 

Parabromorthonitropheriol    .     .     . 

,, 

1:4:2 

Eed 

87° 

Diorthobromoparanitrophenol    .     . 

CgH,Br2(N02)OH 

1:2.6:4 

Orange 

141° 

Ortboparadibromorthonitrophenol  . 

,, 

1:2:4:6 

Eed 

118° 

Parabromodiorthonitrophenol    ,     . 

C6H2Br(N02),OH 

1:4:2:6 

Crimson 

76° 

Orthobromoparaorthodinitrophenol 

» 

1:2:4:6 

Orange 

118° 

Meiabromoparaorthodinitrophenol. 

»j 

i:3:(4:6?) 

Yellow 

9i°'5 

'  Orthiodoparauitrophenol  .... 

C6H3l(N02)OH 

1:2:4 

Orange 

94° 

Pariodorthonitropbenol    .... 

>j 

1:4:2 

Eed 

(?)  rio° 

Diorthiodoparanitrophenol    .     .     , 

CgHJ^lNOJOH 

1:2:6:4 

Orange 

156° 

Orthoparadiiodorthouitrophenol 

,, 

1:2:4:6 

Crimson 

98° 

Pariododiorthonitrophenol     .     .     . 

CeH,I(NO,),OH 

I  : 4  :  2  :6 

Crimson 

1^3° 

Orthiodoparaorthodinitrophenol      . 

>> 

1:2:4:6 

Orange 

107° 

!  (1473)  Saloid-sulpho-,  Nitro-sulpJio-,  Amido-sulpho-f  and  Saloid- 
nitro-sulpho-derivatives  of  Phenol. — The  monohaloid  derivatives  of  phenol 
readily  enter  into  reaction  with  sulphuric  acid  forming  monosulphonic  acids,  and 
I  by  heating  with  an  excess  of  the  acid  they  are  converted  into  disulphonic  acids. 
Similarly,  the  dihaloid  derivatives  of  phenol  are  converted  into  monosulphonic 
acids  by  the  action  of  sulphuric  acid  ;  but  the  trihaloid  derivatives  of  phenol  do 
not  furnish  corresponding  sulphonic  acids. 

Haloid  phenolsulphonic  acids  may  also  be  produced  by  the  action  of  the 
I  halogens  on  the  phenolsulphonic  acids.  Thus,  on  the  addition  of  bromine  to  a 
i  solution  of  potassic  phenoldisulphonate,  CgH3(S03K)2.0H,  potassic  bromo- 
I  phenoldisulphonate,  CgH2Br(S03K)2.0H,  is  formed,  and  in  a  similar  manner 
I  potassic  phenolparasulphonate,  CgH4(S03K).OH,  may  be  converted  in  succession 
into  the  iromophenolparasulphonate,  CgH3Br(S03K).0H,  and  the  dibromoiplienol' 
parasulphonate,  CgH2Br2(S03K).OH. 

It  is  not  possible,  however,  to  displace  more  than  three  atoms  of  hydrogen 
;  in  phenol  by  the  halogens  and  the  sulpho-group,  and  by  the  continued  action  of 
j  the  halogens  in  presence  of  water  on  the  haloid-sulphonic  acids  in  which  sub- 
stitution has  taken  place  to  this  extent,  the  sulpho-groups  are  more  or  less 
readily  displaced  by  the  halogen.  For  example,  on  adding  bromine  to  a  solution 
of  potassic  bromophenoldisulphonate  it  is  converted  into  the  dibromomonosul- 
phonate,  and  by  the  continued  action  of  bromine  on  the  latter  tribromophenol 
is  produced : 

CgH,Br(S03K)^.0H  +  Br,  4-  OH,  =  CgH,Br,(SO,K).OH  4-  HBr  +  HKSO^. 

Potassic  bromophenoldisulphonate.  Potassic  dibromophenolsulphonate. 

CgH,Br,(SO,K).OH  +  Br,  4-  OH,  =  CgH,Br3.0H  4-  HBr  4-  HKSO^. 

Potassic  dibromophenolsulphonate.  Tribromophenol. 

The  phenolsulphonic  acids  behave  similarly  with  nitric  acid.      Thus,  potassic 
phenolparasulphonate  is  converted  by  careful  nitration  into  potassic  orthonitro- 

I  I  2 
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phenolparasulphonate,  CgHg(N02)(S03K).OH.  Orthonitrophenolparasulphonic 
acid  is  also  produced  by  gently  warming  orthonitrophenol  with  sulphuric  acid, 
and  the  isomeric  paranitrophenolorthosulphonic  acid  is  obtained  in  a  similar 
manner  from  paranitrophenol ;  by  careful  nitration  these  acids  may  be  converted 
into  dinitrophenolsuphonic  acids,  which  by  the  continued  action  of  nitric  acid  are 
converted  into  trinitrophenol.  Sulpho-acids  have  not  been  directly  produced 
from  the  dinitrophenols. 

The  nitrophenolsulphonic  acids  are  converted  by  the  action  of  reducing  agents 
into  corresponding  amidophenolsulphonic  acids,  which  may  also  be  produced  from 
the  amidophenol  hydrochlorides  by  treatment  with  sulphuric  acid. 

Apparently,  the  haloid-nitro-phenols  do  not  enter  into  reaction  with  sulphuric 
acid  to  produce  corresponding  sulpho-acids,  but  on  treatment  with  nitric  acid  the 
monohaloid-phenolmonosulphonic  acids  furnish  mononitro-raonohaloid-phenolsul- 
phonic  acids,  and  similar  compounds  are  formed  from  the  monohaloid-disulpho- 
acids,  one  of  the  sulpho-groups  being  displaced  by  NO^;  by  the  further  action  of 
nitric  acid  these  haloid-nitro-sulpho-acids  are  converted  into  haloid-dinitrophenols. 
The  dihaloid-phenolmonosulphonic  acids  are  either  converted  into  dihaloid-nitro- 
phenols  by  the  action  of  nitric  acid,  or  one  of  the  atoms  of  halogen  is  displaced 
by  NOj,  and  haloid-nitro-sulpho-acids  are  produced. 

The  phenolsulphonic  acids  and  their  derivatives  furnish  two  classes  of  salts : 
normal  salts,  formed  by  the  displacement  of  hydrogen  in  the  sulpho-group  by 
nietals,  and  so-called  basic  salts,  in  which  not  only  the  hydrogen  in  the  sulpho- 
group,  but  also  that  in  the  OH  group,  is  displaced  by  metals.  The  salts  of  the 
phenol-  and  haloid-phenolsul phonic  acids  are  colourless;  the  normal  salts  of  the 
nitrophenol-  and  haloid-nitrophenolsulphonic  acids  are  yellow,  but  the  basic  salts, 
of  these  acids  vary  in  colour  from  yellow  to  red,  and  many  of  them  are  of  great  j 
beauty.  Apparently,  there  is  a  similar  connexion  between  colour  and  constitution! 
as  in  the  case  of  the  nitrophenols,  the  basic  salts  of  orthonitrophenol  derivativesj 
being  usually  of  a  more  or  less  red  colour. 


Formula. 

Constitution.* 

M 

Source.                                               ^ 

I.  C6H,.OH.S03H 

I  :  3 

From  phenol  and  sulphuric  acid.                                 H 

3.   C6H4.OH.SO3H 

I  -A 

»                 „                                              .  I 

5:&.ferogt6!].' 

1:2:4 

From  I  and  2  by  action  of  sulphuric  acid.                    ■ 

1:3:4 

From  parachli)rophenol.                                                 T 

S.  C6H3CI.OH.SO3H 

1:4:3 

From  orthochlorophenol.                                                1 

6.  C6H2CI2.OH.SO3H 

1:4:3:6 

From  2  by  action  of  chlorine.                                          ' 

1.  CfiHaCla.OH.SOgH 

1:2:4:6 

From  orthoparadichlorophenol. 

8.  CeHjCl.OH.CSOaH), 

1:3:4:6 
1:3:6:4 

From  3  by  action  of  chlorine. 

0.  CeHoCl.OH.iSOaH)- 

From  parachlorophenol  and  H2SO4. 

10.  C'6H3Br.OH.S03H 

I  :a:  4 

From  I  and  bromine,  and  from  parabroraophenol. 

II.  C6H3Br.OH.SO3H 

1:4:3 

From  2  and  bromine. 

13.    C6H2Br2.OH.SO3H 

1:4:3:6 

From  2  and  bromine. 

13.  CgHaBro.OH.SOgH 

1:3:4:6 

From  I  and  bromine,  and  from  14  and  bromine. 

14.  C6H3l{r.OH.(S03H)3 

15.  C6H2I2.OH.SO3H 

16.  C6H3(N02).OH.S03H 

1:3:4:6 

From  3  and  bromine. 

1:4:2:6 

From  2  by  action  of  iodine  in  presence  of  HgO. 

1:2:4 

From  paranitrophenol  and  H2SO4. 

17.  C6H3(N02).OH.S03H 

I  :4:  2 

From  orthonitrophenol  and  H2S()4,  and  from  a  and 

HNO3. 
From  16  by  reduction,  and  from  paramidophenol. 

18.  C6H3(NH2).OH.S03H 

1:3:4 

19.  C6H3(x\H2).OH.S03H 

I  :4:3 

From  17  by  reduction,  and  from  orthamidophenol. 

30.  C6H2C1(N02).()H.S03H 

1:2:4:6 

From  4  and  HNO3.                                                          ■ 

31.  C6H2C1(N02).0H.S03H 

1:4:2:6 

From  6  and  HNO3.                                                         ■ 

23.  C6H2Br(N02).OH.S03H 

1:4:2:6 

From  12  and  HNO3,  and  from  17  and  bromine.             ■ 

33.  C6H2Br(NOa).OH.S03H 

34.  C6H2Br(NO2l.OH.S03H 
25.  C6H2l(N02).0H.803H 
36.  C6HjI(N02).0H.S03H 

I  :  2  :  6  :  4 
I  :  3  :  4  :  6 

From  16  and  bromine.                                                     1 

From  10  and  nitric  acid.                                                 ■ 

I  :  3  :  6  :  4 

From  16  by  action  of  iodine  in  presence  of  HgO.           ■ 

1:4:6:3 

From  17  by  action  of  iodine      „            „     HgO.           I 

*  The  OH  group  is  always  supposed  to  occupy  the  position  i  ;  the  relative 
position  of  the  sulpho-group  is  next  stated,  then  that  of  the  halogen,  and  lastly 
that  of  the  nitro-group. 
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The  foregoing  table  includes  all  the  ph end sul phonic  acids  and  substituted 
phenoLsulphonic  acids  of  known  constitution  which  have  been  prepared  from 
phenol  and  phenol  derivatives. 

(1474)  Mode  of  Determining  the  Constitution  of  Phenol  Deriva- 
tives.— Much  discussion  has  taken  place  of  late  with  regard  to 
the  constitution  of  the  phenol  derivatives,  but  the  conclusions  at 
which  chemists  have  now  arrived  are  so  consistent  that  there  can 
scarcely  be  a  doubt  as  to  their  correctness.  After  the  explanation 
we  have  given  of  the  manner  in  which  the  constitution  of  the  benzene 
derivatives  is  determined,  it  will  only  be  necessary  briefly  to  in- 
dicate the  method  adopted  in  the  case  of  the  phenol  derivatives. 

We  may  conveniently  commence  with  the  three  nitrophenols, 
since  most  phenol  derivatives  can  be  more  or  less  directly  referred 
to  these  compounds.  Their  connexion  with  the  three  isomeric 
dibromobenzenes  is  established  in  the  following  manner.  By 
heating  the  two  isomeric  nitrobromobenzenes  produced  by  the 
action  of  nitric  acid  on  bromobenzene  with  potassic  hydrate 
solution,  the  potassium  derivatives  of  the  two  nitrophenols  which 
are  formed  on  nitrating  phenol  are  obtained : 

CJI^Br.NOg    +   2KHO    =    CgH4(N02).OK    +   KBr   +   OH^; 

Bromonitrobenzeue.  Potassium  nitrophenol. 

but  these  two   nitrobromobenzenes   are  respectively   convertible 
into  para-  and   or/Aodibromobenzene  :    that   which  furnishes  the 
non-volatile   modification   of   nitrophenol    yielding  paradibromo- 
benzene.      Hence   it    follows    that  the    non- volatile   nitrophenol 
(m.p.   114°  C.)    formed  on  nitrating   phenol   is  paranitrophenol 
,  (OH  :  NO2  =  1  14),    whilst    the  isomeric    volatile   modification 
]  (m.p.    45°    C.j    is    orthonitrophenol    (OH  :  NOg  =1:2).     The 
i  third  isomeride  is  consequently me^a?2i/ro/?Ae/zo/,  (OH  :  NO3  =  i  :  3), 
I  and  this  is  confirmed  by  its  production  from  the  modification  of 
j  dinitrobenzene  which  is    convertible    into   metadibromobenzene. 
These   conclusions    are    supported    by    many   other    conversions 
which  need  not  be  detailed  here  ;   in  fact,  no  reactions  are  known 
which  are  not  in  accordance  with  them. 
r!        The  constitution  of  the  mononitrophenols  being  known,  that 
of  a-dinitrophenol  is    readily  inferred  from   its  formation  from 
both  ortho-  and  paranitrophenol,  whilst  the  fact  that  both  a-  and  j3- 
dinitrophenol   furnish    metadinitrobenzene   (NOg  :  NOg  =1:3) 
when  the  OH  group  is  displaced  by  hydrogen,  proves  that  in  the 
/3-compound  both  NOg  groups  occupy  ortho-positions.  The  constitu- 
tion of  trinitrophenol  (from  phenol)  is  deduced  in  a  similar  manner 
,  |.frop[i  the  observation  that  it  may  be  produced  by  the  nitration  of 
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both  a-  and  j3-dmitrophenol.  The  following  symbols^  however, 
will  render  more  evident  the  nature  of  the  relation  to  each  other 
of  the  various  nitrophenols  formed  on  nitrating  phenol : 


OH  OH  OH  OH  OH 


N0.2  NOg 


NO, 


NOg  NO2  NO3 

Paranitro-         Orthonitro-  a-DinitrophenoL  /3-Dinitrophenol.  Trinitrophenol. 

phenol. 
M.P.  114° 

By  displacing  the  NOg  group  in  paranitrophenol  by  chlorine, 
by  Griess^s  method,  it  is  converted  into  the  chlorophenol 
(b.p.  218°  C.)  which  is  the  main  product  of  the  action  of 
chlorine  on  phenol;  the  isomeric  chlorophenol  (b.p.  176°  C.) 
from  phenol  may  in  a  similar  manner  be  obtained  from  ortho- 
nitrophenol.  From  this  it  follows  that  the  two  chlorophenols 
produced  on  chlorinating  phenol  are  respectively  para-  and 
orthochlorophenol.  The  constitution  of  the  monochlorophenols 
has  also  been  established  by  their  formation  from  the  three 
isomeric  chloramidobenzenes  or  chloranilines,  and  by  their  con- 
version into  dichlorobenzenes  by  the  action  of  phosphoric  penta- 
chloride.  On  chlorination  both  para-  and  orthochlorophenol 
furnish  the  dichlorophenol  (m.p.  43°  C.)  which  is  the  main 
product  of  the  continued  action  of  chlorine  on  phenol,  thus 
proving  it  to  be  paraorthochlorophenol.  The  constitution  of  the 
isomeric  dichlorophenol  (m.p.  6^°  C.)  which  is  formed  in  small 
quantity  on  chlorinating  phenol  is  deduced  in  not  quite  so  direct 
a  manner.  It  may  be  obtained  by  displacing  the  NOg  group  in 
dichloro/?aranitrophenol  by  hydrogen,  but  by  the  action  of  nitric 
acid  on  the  latter  compound  orthochloro-a-dinitrophenol  is  pro- 
duced, one  of  the  atoms  of  chlorine  being  displaced  by  NOj ; 
since,  however,  a-dinitrophenol  is  an  orthopara-derivative  of 
phenol,  it  follows  that  the  chlorine  atom  which  is  displaced 
occupies  the  ortho-position,  and  that  consequently  both  chlorine 
atoms  in  dichloroparanitrophenol  occupy  ortho-positions  as  an 
orMochlorodinitrophenol  is  formed  by  treating  it  with  nitric 
acid.     Thus : 
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OH 

OH 

OH 

OH 

/"\ 

A  NO, 

CI  r^\  NO2 

CI 

(\ 

Cl 

»ara 

NO, 

nitroph 

NO, 

enol.            a-Dinitrophenol. 

NO2 

Orthochlor-a-dinitrophenol. 

u 

N02 

Dichloroparanitrophenol. 

Lastly,  since  both  the  above-mentioned  dichlorophenols  furnish 
the  same  trichlorophenol  when  chlorinated,  this  compound  must 
be  a  diorthochloroparachloro-derivative.  We  may,  therefore,, 
represent  the  series  of  chlorophenols  formed  on  chlorinating 
phenol  by  the  following  symbols,  which  it  will  be  noticed  exactly 
correspond  to  those  assigned  to  the  nitrophenols  : 


OH 


OH 


OH 


Cl 

Paracliloro- 
pheuol. 
b.P.  176° 


Cl 


Cl 

Orthochloro-         Dichlorophenol. 
phenol.  M.P.  43° 

B.P.  218° 


OH  OH 

Cl  /^  Cl     Cl  {''\  Cl 

V 


u 


Cl 


Dichlorophenol.       Trichlorophenol. 
M.P.  65° 


The  constitution  of  the  bromo-  and  iodophenols  may  be 
deduced  in  a  similar  manner,  and  that  of  the  haloid  nitro- 
phenols is  also  readily  ascertained  since  they  have  been  obtained, 
on  the  one  hand,  by  nitrating  haloid  phenols  of  known  consti- 
tution, and  on  the  other,  by  the  action  of  the  halogens  on  nitro- 
phenols of  known  constitution.  For  example,  a  single  chloro- 
nitrophenol  is  obtained  on  nitrating  jo«racA/orophenol  which  is 
identical  with  one  that  is  formed  on  chlorinating  orthonitro^h.e\io\ ; 
it  is,  therefore,  parachlororthonitrophenol.  P«rawi//*ophenol,  when 
chlorinated,  furnishes  an  isomeric  paranitrochlorophenol,  which 
may  also  be  obtained  by  nitrating  orthochloro]^henol,  and  is, 
therefore,  paranitroorthochlorophenol.  A  third  nitrochlorophenol 
is  obtainable  by  nitrating  orthochlorophenol,  and  as  on  further 
nitration  it  yields  orthochloro-a-dinitrophenol,  which  may  also 
be  formed  by  nitrating  orthochloroparanitrophenol,  it  must  of 
necessity  be  an  or/Aochloror/Aonitrophenol ;  thus  : 
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OH 


CI 


NO. 


Parachlororthonitro-        Orthochloroparanitro- 
phenol.  phenol. 


Orthoehlor-a-  diuitrophenol. 


Orthochlorortho- 
nitrophenol.  • 


The  fact  that  the  phenolme/asulphonic  acid  produced  by  dis- 
placing one  of  the  sulpho-groups  in  benzenemetadisulphonic  acid 
by  OH  (p.  479)  is  not  identical  with  either  of  the  phenol- 
sulphonic  acids  formed  by  the  action  of  sulphuric  acid  on  phenol 
necessitates  the  conclusion  that  the  compounds  directly  produced 
from  phenol  are  the  ortho-  and  para-  acid.  By  its  conversion 
into  parachlorophenol  by  distillation  with  phosphoric  penta- 
chloride^  the  stable  modification  is  shown  to  be  the  para-acid  : 

C,H^(S03H).0H   +    2PCI5   =  C,H,C1.0H    +    SOCl,   +    2POCI3   +   HCl; 

whilst  the  connexion  of  the  unstable  modification  with  the  ortho- 
series,  which  follows  from  this  observation,,  is  confirmed  by  its 
conversion  into  orthodioxybenzene  or  pyrocatechin,  Qfi^{OB)^, 
on  fusion  with  potassic  hydrate.* 

The  dichlorophenolsulphonic  acid  obtained  by  chlorinating 
the  stable  phenolsulphonic  acid  from  phenol  is  converted  into 
dichlorojoaranitrophenol  by  the  action  of  nitric  acid,  whilst  that 
produced  from  the  unstable  modification  furnishes  dichloror/^oni- 
trophenol.  If,  from  a  consideration  of  the  evidence  above  given, 
we  regard  the  constitution  of  the  phenolsulphonic  acids  from 
phenol  as  established,  these  results  may  be  regarded  as  a  proof 
that  when  the  phenolsulphonic  acids  are  converted  into  corre- 
sponding nitro-derivatives  by  the  action  of  nitric  acid,  the  SO3H 
or  sulpho-group  is  directly  displaced  by  the  NOg  group  ;  thus : 


OH 


OH 


CI 


NO, 

Diehloroparaiiitro- 
pheuol. 


SO3H 

Dichlorophenolpara- 
sulphonic  acid. 


OH 

CI  /\  N0„ 


CI 

Dichlororthonitro- 
phenol. 


CI 


OH 

A 

Cl 


S03H 


Dichlorophenolortho- 
sulphonic  acid. 


I 


*  Although  isomeric  change  not  unfrequently  takes  place  when  such  com- 
pounds as  the  sulphonic  acids  are  fused  with  potassic  hydrate,  the  formation  of 
the  ortho-modification  of  dioxybenzene  has  never  been  observed  in  any  ca»e 
in  which  the  production  of  its  isomerides  is  to  be  expected  (see  Dioxy benzenes). 
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It  will  now  be  understood  without  further  explanation  that  the 
constitution  of  the  haloid-  and  haloid-nitro-phenolsulphonic  acids 
is  readily  inferred  from  their  formation  from  the  haloid-phenols, 
&c.,  and  from  their  conversion  into  haloid-nitrophenols  of  known 
constitution. 

(1475)  ^^^  ^^'^  ^f  Substitution  in  the  Phenol  Series. — On 
comparing  together  the  various  compounds  produced  directly  from 
phenol,  it  will  be  evident  that  the  formation  of  substitution 
derivatives  from  it  is  regulated  by  very  simple  laws,  which, 
briefly  stated,  are  as  follows : 

1.  That  the  action  of  the  halogens,  and  of  nitric  and  sul- 
phuric acids,  and  probably  of  reagents  generally,  on  phenol  is 
similar,  inasmuch  as  the  same  hydrogen  atoms  are  always  displaced. 

2.  That  under  what  may  be  termed  ordinary  conditions  at 
most  three  atoms  of  hydrogen  in  phenol  may  be  displaced.  Thus, 
the  action  of  nitric  acid  ceases  with  the  production  of  trinitro- 
phenol,  which,  however,  is  formed  without  difficulty.  Similarly, 
chlorine,  bromine,  and  iodine  readily  convert  phenol  into  the  cor- 
responding trihaloid  derivatives,  but  higher  derivatives  are  only 
obtained  on  heating  to  a  comparatively  high  temperature,  or  by 
the  aid  of  powerful  agents  such  as  antimony  pentachloride. 

3.  That  the  three  atoms  of  hydrogen  which  may  be  displaced 
are  those  which  occupy  the  ortho-positions,  i  :  2  and  i  :  6,  and 
the  para-position,  1:4;  meta-  or  i  :  3  and  i  :  5  derivatives  being 

I  rarely  produced.  Thus,  neither  nitric  nor  sulphuric  acid  appears 
to  have  any  tendency  to  form  meta-derivatives,  neither  have  they 

j  been  obtained  by  the  action  of  chlorine,  whilst  metabromophenol 
i  is  produced  apparently  only  under  special  conditions.  At  present 
i  it  is  not  known  whether  metiodophenol  is  a  constant  product  of 
;  the  action  of  iodine  on  phenol,  but  it  probably  is. 

4.  That  a  mixture  of  the  ortho-  and  para-mono-derivatives,  in 
proportions  which  vary  according  to  the  conditions  of  experi- 
ment, is  always  produced  in  the  first  instance  :  the  exact  manner 
in  which  the  proportions  vary  with  the  conditions  has  not  been 
ascertained.  On  further  treatment,  the  para-mono- derivatives 
always  furnish  paraortho-di-derivatives,  but  the  ortho-mono-deri- 
vatives yield  paraortho-di-derivatives  and  a  variable  amount  of  the 
diortho-di -derivatives  ;    both  the  paraortho-  and  the  diortho-di- 

L  derivatives  are  finally  converted  into  para-diortho-tri-derivatives. 

II  The  meta-mono-derivatives  of  phenol  apparently  resemble 
phenol  itself  in  their  behaviour,  metabromophenol  being  readily 
converted  into  tetrabromophenol  by  the  action  of  bromine.  It 
is  also  probable  that   the  order   in  which  substitution  is  effected 
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is  the  same,  since  the  two  dinitrophenols  formed  on  nitrating 
metanitrophenol  exhibit  considerable  resemblance  to  the  two 
nitrophenols  obtained  from  phenol :  the  one  being  non-volatile 
and  soluble  in  water,,  and  the  other  volatile^  thus  agreeing  in 
properties  with  para-  and  orthonitrophenol  respectively^  and  we 
may  therefore  infer  that  they  are  similarly  constituted. 

(1476)  Alcohols  of  the  Composition  C7H^.OH  =  io8. — Four 
alcohols  derived  from  toluene  are  known — viz.,  benzylic  alcohol, 
CgH5.CH2(OH),  and  the  three  isomeric  cresols,  CH3.CgH4.OH. 

(1477)  Benzylic  Alcohol  QiY  Phenylcarbinol :  CgH5.CH2(OH). — 
According  to  Kraut,  Peru  balsam  consists  essentially  of  benzylic 
cinnamate,  C^H^O.CgH^O,  from  which  benzylic  alcohol  may  be 
obtained  by  treating  it  with  potassic  hydrate ;  benzylic  ethers 
are  also  present  in  Tolu  balsam  and  liquid  storax.  To  prepare 
tlie  alcohol  from  toluene,  CgH^.CHg,  the  heated  hydrocarbon  is 
submitted  to  the  action  of  chlorine;  the  benzylic  chloride, 
CgHg.CHgCl,  thus  produced  is  converted  into  the  acetate  by 
heating  it  with  potassic  acetate,  and  the  acetate  saponified  with 
potassic  hydrate ;  or  the  chloride  may  be  directly  converted  into 
the  alcohol  by  heating  it  with  plumbic  hydrate  and  water.  Benzylic 
alcohol  is  also  produced  together  with  potassic  benzoate  by  the 
action  of  an  alcoholic  solution  of  potassic  hydrate  on  benzoic 
aldehyde,  CgHg.COH,  and  together  with  hydrobenzoin  and  other 
substances  when  benzoic  acid  is  treated  with  sodium  amalgam. 

It  is  a  colourless,  highly  refractive,  oily  liquid,  insoluble  in 
water,  possessing  a  feeble  pleasant  odour ;  it  boils  at  207 
(404°'6  F.),  and  at  0°  (32°  F.)  has  the  specific  gravity  i'o6.  It 
remains  liquid  at  — 18°  (■-o°-4  F.).  On  oxidation,  it  furnishes 
benzoic  aldehyde  and  benzoic  acid.  When  distilled  with  a  con- 
centrated potassic  hydrate  solution  a  portion  is  converted  into 
potassic  benzoate,  and  another  portion  reduced  to  toluene. 

The  chlorinated  toluenes  of  the  formula  CgH^.j^Cl^  CH^Cl  yield 
chlorinated  derivatives  of  benzylic  alcohol  when  converted  into 
the  corresponding  acetates,  and  these  are  subsequently  saponified ; 
these  substances,  of  which  the  complete  series  has  been  obtained, 
are  colourless  crystalline  bodies  (Beilstein  and  Kuhlberg). 

Mononitrohenzylic  alcohol,  Qfi.J^0^.C}l^{011),  prepared  from  metanitro- 
benzoic  aldehyde  by  treatment  with  alcoholic  solution  of  potassic  hydrate,  is  a 
viscid  oil  (Grimaux,  Ann.  Chem.  Fharm.,  cxlv.  47),  whilst  the  compound 
obtained  by  saponifying  nitrobenzylic  acetate  (formed  by  dropping  benzylic 
acetate  into  fuming  nitric  acid)  crystallizes  in  slender  colourless  needles,  which 
melt  at  93°  (i99°*4  F.).  As  it  yields  paranitrobenzoic  acid  on  oxidation,  it  is 
evidently  a  para-derivative.  By  the  action  of  fuming  nitric  acid  it  is  converted 
into  dinitrobenzylic  alcohol;  this  crystallizes  in  needles  which  melt  at  71 
(i59°-8  F.)  (Beilstein  and.  KuWberg,  ihid.,  cxlvii.  339). 
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(1478)  Cresol  or  Methylphenol :  CHg.CgH^.OH. — Para-  and 
orthocresol  are  obtained  respectively  from  thepotassic  salts  of  the 
para-  and  orthotoluenesulphonic  acids  produced  on  warming 
toluene  with  sulphuric  acid  by  fusing  them  with  potassic 
hydrate.  They  may  also  be  prepared  from  the  corresponding 
nitrotoluenes.  Metacresol  is  prepared  by  heating  thymol  or 
methylpropylphenol  with  phosphoric  anhydride,  when  propylene 
is  evolved,  and  a  cresylic  phosphate  produced  from  which  meta- 
cresol is  obtained  by  fusion  with  potassic  hydrate  ;  it  is  also 
formed  on  distilling  the  baric  salt  of  oxyuvitic  acid, 
CgH2(OH)(CH3)(COOH)2,  with  lime  or  baryta  (Oppenheim  and 
Pfaff,  Dent.  chem.  Ges.  Ber.,  viii.  886).  Orthocresol  is  prepared 
in  a  similar  manner  from  carvacrol,  the  isomeride  of  thymol. 
Coal  tar  oil  certainly  contains  both  para-  and  .  orthocresol,  and 
probably  also  metacresol. 

Paracresol  is  a  white  crystalline  substance  which  melts  at 
36°  (96°*8  F.);  according  to  Schiff  {ibid.,  viii.  1201),  it  boils  at 
198° — 199°  (388°-4 — 390°-3  P.).  Metacresol  has  only  been 
obtained  as  a  liquid,  boiling  at  200°  — 301°  (392° — 393°' 8  P.)« 
Orthocresol  is  a  crystalline  solid  which  melts  at  31°  (8 7°* 8  P.), 
and  boils  at  185°— 186°  (365°— 366°-8  P.)  (Eekule,  ibid.,  vii.  1007). 
When  oxidized  by  fusion  with;  potassic  hydrate,  paracresol  is 
converted  into  paroxybenzoic  acid,  and  metacresol  into  the 
isomeric  metoxybenzoic  acid,  orthocresol  yielding  salicylic  or 
orthoxybenzoic  acid  :  the  third  acid  of  the  composition 
CgH^(OH)COOH.  By  the  action  of  a  mixture  of  potassic 
chlorate  and  hydrochloric  acid,  which  exercises  simultaneously  a 
chlorinating  and  an  oxidizing  action,  metacresol  is  converted 
into  a  dichlorotoluquinone,  C^H^ClgOg,  orthocresol  yielding  a 
mixture  of  a  di-  and  trichlorotoluquinone,  but  paracresol  does 
not  furnish  a  quinone  derivative. 

Very  little  is  known  of  the  derivatives  of  the  cresols.  On 
nitration,  paracresol  is  converted  into  an  orthonitroparacresol, 
melting  at  ^^°  (9a°*4  F.),  which  in  all  respects  is  the  analogue  of 
orthonitrophenol ;  on  further  nitration  this  yields  a  diorthonitro- 
paracresol,  melting  at  84°  (183°* 2  P.),  which  very  closely  resembles 
diorthonitrophenol.  Paracresol,  however,  cannot  be  converted 
into  a  trinitro-derivative,  but  metacresol  yields  without  difficulty 
a  trinitrometacresol,  resembling  trinitrophenol,  and  which  melts 
at  about  105°  (221°  P.).  Similarly,  by  the  action  of  bromine  on 
the  sulpho-acid  produced  by  dissolving  paracresol  in  sulphuric 
acid,  a  bromoparacresolorthosulphonic  acid  is  produced,  but  a 
higher  brominated  derivative  of  this  acid  cannot  be  obtained,  the 
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sulpho-group  being  displaced  by  bromine  by  the  further  action  of 
the  latter. 

(1479)  Alcohols  op  the  Composition  CgHg.OH=  122. — No  less  than 
eight  of  these  alcohols  have  been  described,  but  none  of  them  have  been 
sujGBciently  investigated. 

JParatolylic  Alcohol  ox  TolylcarUnoU  QYi^.C^n^.QB.J,OB.)  (CR^-.GRjpE) 
=  1:4),  is  produced  on  heating  paratoluic  aldehyde  with  an  alcoholic  solution  of 
potassic  hydrate  (Cannizzaro,  Compt.  Rend.,  liv.  1225).  It  is  a  white  crystalline 
substance,  which  melts  at  59°  (i38°*2  F.),  and  boils  at  217°  (42  2°'6  F.)  ;  it  is 
reconverted  into  the  aldehyde,  CHg.CgH^.COH,  by  oxidation. 

Secondary  Phenylethylic  Alcohol  or  Methylphenylcarhinol  : 
CH3.CH(CgHg).0H,  is  obtained  by  the  action  of  nascent  hydrogen  on 
methylphenylketone,  CH3.CO.CgHg,  and  by  saponifying  the  acetate  formed  from 
bromethylbenzene,  CgHj.CHBr.CHg,  and  argenti(5  acetate  with  sodic  hydrate 
solution  (Radziszewsky,  ibid.,  vii.  1 40).  It  is  a  colourless  highly  refractive  liquid 
of  unpleasant  odour,  which  boils  at  about  203°  (397°'4F.)  ;  on  oxidation  it  is 
reconverted  into  the  ketone. 

Primary  Phenylethylic  Alcohol :  CgH5.CH2.CH2(OH),  is  obtained  by  the 
action  of  sodium  amalgam  on  an  aqueous  alcoholic  solution  of  phenylacetic 
aldehyde,  CgHg.CH^.COH.  It  is  a  colourless  liquid  of  faint  odour,  of  the  specific 
gravity  1*0337  ^^  21°  (69°*8  F.),  and  boils  at  212°  (41 3°' 6  F.).  It  furnishes 
phenylacetic  aldehyde  and  phenylacetic  acid  on  oxidation.  Primary  phenylethylic 
acetate,  CgHj.CHg.CHg.C^HgOg,  is  a  colourless  liquid,  possessing  a  powerful,  plea- 
sant odour,  which  boils  without  decomposition  at  224°  (435°'2  F.);  it  readily 
furnishes  the  alcohol  on  saponification  with  potassic  hydrate  (Radziszewsky, 
Deut.  chem.  Ges.  Ber.,  ix.  372).  When  it  is  added  to  an  excess  of  acetic 
chloride,  chiefly  acetic  acid  and  chlorethylbenzene,  CgH5.CHCl.CH3,  are  produced. 
Secondary  phenylethylic  acetate  has  a  pleasant  jasmine-like  odour,  and  boils  at 
213°— 216°  (4i5°-4— 420°'8  F.),  but  is  at  the  same  time  partially  decomposed 
into  acetic  acid  and  cinnamene.  It  cannot  be  saponified  with  an  alcoholic  solution 
of  potassic  hydrate  :  the  chief  products  in  this  case  being  cinnamene  and  metar 
cinnamene. 

Xenol,  Xylenol  or  Oxydimethylbenzene :  CgH3(CH3)2.0H. — When  coal-tar 
xylene,  consisting  chiefly  of  metadimethylbenzene,  is  converted  into  snlpho-acid, 
and  the  potassic  salt  of  the  latter  is  fused  with  potassic  hydrate,  a  mixture  of 
phenols  is  produced,  from  which  a  crystalline  metaxenol,  CgHg(CH3)2.0H,  and  a 
liquid  isomeric  phenol,  which  is  probably  paraxenol  derived  from  the  paradi- 
methylbenzene  present  in  coal-tar  xylene,  may  be  separated.  The  crystalline 
xenol  is  also  formed  on  fusing  mesitylenesulphonic  acid  with  potassic  hydrate  j 
in  this  case  not  only  is  the  sulpho-group  displaced  by  OH,  but  one  of  the 
methyl  groups  is  oxidized  to  COOH,  and  the  elements  of  a  molecule  of  carbonio 
anhydride  are  also  removed.  This  latter  method  of  formation,  it  will  be 
evident,  enables  us  to  infer  the  constitution  of  the  crystalline  xenol  j  thus  : 
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But  on  a  priori  grounds  it  is  probable  that  the  xenol  from  metaxylene  has  the 
constitution  assigned  to  it,  independently  of  the  evidence  afforded  by  its  forma- 
tion from  mesitylene,  as  it  has  been  observed  that  when  di-derivatives  of  benzene 
are  converted  into  tri-derivatives  the  tendency  is  always  to  form  a  i  :  2  :  4  de- 
rivative, so  that  the  conversion  of  metadimethylbenzene  (CHg  :  CH3=  i  :  3) 
into  the  sulpho-acid  (HSO3  :  CH3  :  01X3=  i  :  2  :  4)  is  what  is  to  be  expected. 

Metaxenol  crystallizes  in  large  colourless  prisms,  which  are  very  volatile,  and 
melt  at  75°  (167°  F.) ;  it  boils  at  about  215°  (419"  F.).  It  is  scarcely  soluble 
in  water,  but  dissolves  in  all  proportions  in  alcohol  and  ether.  When  dissolved 
in  glacial  acetic  acid  and  mixed  with  bromine,  it  is  converted  into  dibromometa- 
xenol,  which  crystallizes  in  white  needles,  melting  at  about  8i°  (i77°'8  F.); 
the  same  compound  is  obtained  on  adding  bromine  to  a  solution  of  the  meta- 
xenolsulphonic  acid  produced  by  the  action  of  sulphuric  acid  on  metaxenol. 
When,  however,  bromine  is  added  to  metaxenol  suspended  in  water  and  the 
product  is  crystallized  from  alcohol,  a  substance  which  crystallizes  in  golden  yellow 
plates,  melting  at  about  180°  (356°  F.),  is  obtained,  the  nature  of  which  has 
not  yet  been  satisfactorily  ascertained ;  it  would  appear  to  be  a  dibromo-deriva- 
tive  of  a  compound  containing  proportionally  less  hydrogen  thau  the  xenol  from 
which  it  is  derived. 

Liquid  xenol  has  a  somewhat  lower  boiling  point  than  the  crystalline  iso- 
raeride,  but  has  not  yet  been  examined. 

Ethylphenol  or  Oxyethylhenzene :  C2Hg.C^H^.0H. — Ethylbenzene,  like 
methylbenzene  or  toluene,  when  heated  with  concentrated  sulphuric  acid,  fur- 
nishes a  mixture  of  two  isomeric  sulpho-acids,  and  from  the  general  resemblance 
in  behaviour  between  methyl-  and  ethylbenzene  it  can  scarcely  be  doubted  that 
the  two  acids  are  respectively  para-  and  orMoethylbenzenesulphonic  acid.  On 
heating  the  potassic  salts  of  the  crude  product  with  potassic  hydrate,  a  mixture  of 
the  corresponding  ethylphenols  is  produced.  From  this  mixture  the  chief  pro- 
duct may  be  separated  by  fractional  distillation  and  cooling  the  distillate ;  it  is 
then  obtained  in  large  colourless  transparent  prismatic  crystals,  which  melt  at 
about  47°  (ii6°'6  F.).  It  boils  at  209° — 210°  (4o8°-2 — 410°  F.),  according 
to  Fittig  and  Kiesow;  at  214° — 215°  (4i7°*2 — 419°  F.),  according  to  Beil- 
stein  and  Kuhlberg.  Unlike  metaxenol,  it  instantly  liquefies  in  contact  with 
water,  but  like  the  former  it  is  very  volatile.  The  isomeric  ethylphenol  has 
not  yet  been  separated  in  a  pure  state  ;  it  is  said  to  be  a  liquid  boiling  at  212** 
(413^-6  F.).     No  derivatives  of  either  of  these  phenols  have  as  yet  been  prepared. 

Phlorol  is  obtained  by  distilling  the  baric  salt  of  phloretic  acid,  CgH^^^Og, 
with  lime.  It  is  a  colourless  liquid,  resembling  phenol  in  odour,  but  does  not 
solidify  when  cooled  to  -  18°  (  -  o°-4  F.) ;  it  boils  at  about  220°  (428°  F.).  It 
is  said  to  be  converted  into  a  trinitro-derivative  by  concentrated  nitric  acid. 

Phloretic  acid  yields  j^araoxybenzoic  acid  when  fused  with  potassic  hydrate, 
and  methylphloretic  acid  is  converted  into  paramethoxybenzoic  or  anisic  acid, 
CgH^{0CH3).C00H,  on  oxidation.  Hence  it  would  seem  that  there  are  but 
two  side-chains  in  phloretic  acid,  and  since  the  one  is  hydroxyl,  the  conclusion 
is  forced  upon  us  that  it  is  a  phenolpropionic  acid,  CgH^(0H).C2H^.C00H,  in 
which  the  OH  and  C^H^.COOH  groups  relatively  occupy  the  positions  i  and  4. 
]3ut  if  this  be  the  constitution  of  phloretic  acid,  it  follows  that  phlorol  must  be 
paraethylphenol  : 

I  C,H,(OH).C,H,.COOH    =    C,H/OH).C,H,   +C0,. 

}It  does  not  seem,  however,  to  be  identical  with  the  crystalline  ethylphenol 
from  ethylbenzene,  which  there  is  every  reason  to  believe  is  paraethylphenol ; 
moreover,  judging  from  the  behaviour  of  paracresol,  it  is  improbable  that  para- 
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ethylphenol  would  furnish  a  trinito-derivative.  From  this  it  will  be  seen  that 
at  present  the  constitution  of  phlorol  is  uncertain.  According  to  Marasse 
(Ann.  Chem.  Pharm.,  clii.  75),  a  colourless,  oily  liquid,  isomeric  or  identical 
with  the  above,  is  contained  in  beech-tar,  and  is  found  in  that  portion  of  the 
phenols  which  distils  between  217°  and  220°  (42  2°'6 — 428°  F.).  The  oil  ex- 
tracted from  the  roots  of  Arnica  montana,  according  to  Sigel,  contains  phlorol 
as  isobutyric  ether  {ibid.,  clxx.  345). 

(1480)  Alcohols  of  the  Composition  CgHj^.OH  =  136. — Only  three  mo- 
nohydric  alcohols  derived  from  hydrocarbons  of  the  composition  CgH^^  ^^^  known. 

Primary  Phenyljpropylic  Alcohol :  CgHg.CH2.CH2.CH2(OH),  is  present  in 
storax,  probably  as  a  cinnamic  ether,  and  is  contained  in  commercial  cinnamio 
alcohol.  It  may  be  prepared  by  the  action  of  nascent  hydrogen  on  cinnamio 
alcohol,  Cglljg.OH.  It  is  a  colourless,  thick  liquid,  of  the  specific  gravity 
I '008  at  18®  (64°'4  F.),  which  boils  at  235°  (455°  F.) ;  on  oxidation  it  yields 
hydrocinnamic  acid,  CgHj.CHj.CHg.COOH  (Fittig, Deut. chem.  Ges.Ber.,\'\.  2 1 5), 

Secondary  Phenylpropylic  Alcohol :  G^^.Qll{C^}l^.QiK,'^^  produced  from, 
ethylphenyl  ketone,  C2Hj.CO.CgHg,  by  the  action  of  nascent  hydrogen.  It  boils 
at  about  210°  (410°  F.),  but  is  partially  decomposed  (Barry,  ihid.,  vi.  1008). 

Mesitol  or  Oxymesitylene  :  CgH2(CH3)3.0H. — This  phenol  is  produced  by 
carefully  fusing  the  potassic  salt  of  mesitylenesulphonic  acid  with  potassic  hydrate, 
and  from  nitromesitylene  by  displacing  the  NO^  group  by  OH  (p.  471).  It 
crystallizes  in  long  white  needles,  which  meltat  68° — 69°  (i54°*4 — 156°*2  F.); 
bromine  converts  it  into  a  monobromo-derivative,  which  melts  at  80°  (176°  F.) 
(Biedermann  and  Ledoux,  Deut.  chem.  Ges.  Per.,  viii.  57 — 250). 

(1481)  Alcohols  of  the  Composition  CjpHjg.OH=  150. — Cumic  or 
Cuminylic  Alcohol:  C3Hy.CgH^.CH2(OH),  produced  from  cumic  aldehyde,  is  a 
colourless  liquid,  of  faint  but  agreeable  aromatic  odour,  which  boils  at 
243°  (469°'4  F.)  ;  on  oxidation  it  yields  cumic  acid,  CgHyCgH^.COOH,  which  by 
further  oxidation  may  be  converted  into  terephthalic  acid,  CgH^(C00H)2,  proving 
that  the  CgH^  and  CH2(0H)  groups  in  the  alcohol  are  relatively  in  the  para- 
position.  By  the  action  of  an  alcoholic  solution  of  potassic  hydrate  it  is  converted 
into  cymene  and  potassic  cuminate  (Kraut,  Ann,  Chem.  Pharm.,  xcii.  66). 

Phenylpropylcarhinol :  C3Hy.CH(CgHg).0H,  has  been  prepared  from  the 
corresponding  ketone,  but  not  yet  examined. 

Thymol:  C3Hy*CgH3(CH3).OH.— This  phenol  is  contained  together  with 
terpenes  and  cymene  in  various  essential  oils,  such  as  oil  of  thyme,  the  oil  of 
PtychoUs  Ajowan  and  the  oil  of  Monarda  punctata.  It  crystallizes  in  large 
colourless  prisms,  possessing  an  agreeable  odour  of  thyme,  which  melt  at  44** 
(11 1°*2  F.) ;  it  boils  at  230°  (446°  F.).  On  oxidation  with  sulphuric  acid  and 
manganese  dioxide  it  furnishes  thymoquinone,  C^^^^O^.  A  number  of  substitu- 
tion derivatives  of  thymol  have  been  prepared,  but  little  is  known  of  their  pro- 
perties. It  is  stated  that  by  the  prolonged  action  of  chlorine  it  is  converted 
into  pentachlorothymol,  and  that  pentahromothymol  is  produced  by  the  action  of 
bromine  in  sunlight;  when  bromine  is  added  to  a  solution  of  the  thymolsul- 
phonic  acid  formed  by  dissolving  thymol  in  sulphuric  acid,  a  bromothymol- 
sulphonic  acid  is  produced,  which  is  converted  by  the  further  action  of  bromine 
into  dibromothymol,  which  separates  as  an  oil.  Similarly,  by  treating  the  sulpho- 
acid  with  nitric  acid,  a  crystalline  dinitrothymol  is  readily  produced,  and  it  b 
stated  this  may  be  converted  into  trinitrothymol  by  dissolving  it  in  a  mixture  of 
concentrated  nitric  and  sulphuric  acids  (Lallemand,  Ann.  Chem.  Pharm.,  ci.  1191 
cii.  119).  Ayhen  thymol  is  distilled  with  phosphoric  pentachloride  the  OH 
group  is  displaced  by  chlorine,  and  from  the  chlorocymene  thus  produced  cymene 
may  be  obtained  by  the  action  of  nascent  hydrogen. 

Carvacrol :    C3Hy^CgH3(CHg).0H,   the  isomeride  of  thymol  may  be  ob- 


'483-] 


THYMOL CINNAMIC  ALCOHOL. 


495 


tained  from  the  sulpho-acid  prepared  from  cymeue  or  paramethylpropylbenzene  by 
fusing  it  with  potassic  hydrate,  and  by  heating  camphor  with  one-third  of  its  weight 
of  iodine ;  it  is  also  produced  when  carvol,  a  neutral  body  of  the  same  composi- 
tion as  carvacrol,  which  is  a  constituent  of  oil  of  caraway,  is  warmed  with  a  small 
quantity  of  orthophosphoric  acid,  the  carvol  then  undergoing  isomeric  change. 
Carvacrol  is  an  oily  liquid  which  boils  at  about  233°  (451 '•4  F.).  Its  deriva- 
tives have  not  yet  been  examined.  On  oxidation,  it  is  converted  into  thymo- 
quinone  identical  with  that  produced  from  thymol. 

The  cymene  obtained  from  thymol  is  identical  with  that  from  which 
carvacrol  may  be  prepared ;  hence  it  follows  that  thymol  and  carvacrol  are  both 
derivatives  of  the  same  paramethylpropylbenzene  or  cymene,  and  this  conclusion 
is  confirmed  by  the  observation  that  both  furnish  thymoquinone  on  oxidation. 
The  position  of  the  OH  group  may  readily  be  deduced  from  the  fact  that  thymol 
is  converted  into  we^acresol,  and  carvacrol  into  or^^ocresol,  by  the  action  of 
phosphoric  anhydride :  it  will  be  evident  on  comparing  the  following  symbols 
that  in  thymol  the  OH  group  is  in  the  meta-position  relatively  to  the  methyl-group, 
whilst  in  carvacrol  it  occupies  the  ortho-position : 
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(1482)  Sycocerylic  Alcohol:  C^fl^^.QiE. — This  alcohol  is  produced  by 
treating  sycocerylic  acetate,  a  constituent  of  the  resin  of  Ficus  ruhiginosa  from 
New  South  Wales,  with  sodic  ethylate.  It  forms  very  slender  crystals,  which 
melt  at  90°  ( 1 94°  F.),  and  distils  partly  undecomposed.  Little  is  known  of  the 
properties  of  this  body  (De  la  Rue  and  Miller,  Jour.  Chem.^ Soc,  v.  62). 

In  concluding  this  brief  account  of  the  alcohols  derived  from  the  hydro- 
carbons of  the  benzene  series,  we  may  refer  the  student  to  Watts'  "  Dictionary  of 
Chemistry,"  vol.  iv.  and  ist  and  2nd  supplement,  for  further  particulars  as  to 
their  preparation  and  properties. 


§  V.  MoNOHYDRic  Alcohols  derived  from  Hydrocarbons 

ISOLOGOUS    WITH    BeNZENE. 

(1483)  Alcohols  derived  from  the  Hydrocarbons  of  the 
C^H2n_g  or  Cinnamene  Series. — Only  four  are  known — viz.^ 
cinnamic  alcohol  and  the  phenol  anolj  both  of  which  have  the 
composition  CgH^QO,  and  the  isomeric  bodies,  cholesterin  and  iso- 
cholesterin,  CggH^^O. 

Cinnamic  Alcohol :  CgH5.CHzzCH.CH2(OH)_,  is  obtained  on 
distilling  cinnamic  cinnamate  or  styracin  (a  constituent  of  liquid 
storax  and  of  Peru  balsam)_,  CgH^Og-CgHg,  with  a  concentrated 
solution  of  potassic  hydrate. 

It   crystallizes  in  colourless  glistening  needles  possessing  a 
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pleasant  odour,  sparingly  soluble  in  water,  but  readily  soluble  in 
alcohol;  it  melts  at  33°  (9i°'4  F.),  and  boils  at  250°  (482°  F.). 
When  carefully  oxidized,  it  furnishes  cinnamic  acid,  CgHgOg.  It 
combines  directly  with  bromine,  forming  the  compound 
CgH5.CHBr.CHBr.CH2(OH) ;  on  treatment  with  hydrochloric 
acid  gas,  it  furnishes  chlorocinnamene,  CgH-.CH  CH.CH.Cl ; 
by  the  action  of  nascent  hydrogen  it  is  in  part  converted  into 
allylbenzene,  and  in  part  into  phenylpropylic  alcohol. 

Anol  or  Allylphenol :  CgHg.CgH^.OH,  is  prepared  by  carefully 
heating  anethol,  CgHg.CgH^.OCHg,  with  fused  potassic  hydrate; 
the  product  is  dissolved  in  water,  and  on  adding  an  acid  the 
anol  is  precipitated  in  yellow  flocculi.  In  thus  precipitating  it 
from  the  alkali ue  solution  it  is  necessary  to  keep  the  liquid  cold, 
or  it  separates  as  a  black  oil,  which  soon  resinifies. 

Anol  crystallizes  from  hot  water  in  white  glistening  plates, 
which  melt  at  ^2°'^  (i98°'5  F.) ;  it  boils  at  about  350°  (482°  F.). 
It  dissolves  in  alcohol,  ether,  and  chloroform  :  it  does  not  always 
crystallize  from  these  solutions,  but  sometimes,  especially  when 
the  solution  is  exposed  to  the  air,  it  passes  into  the  condition  of 
a  brown  liquid  insoluble  in  water. 

Cholesterin  :  CggH^g.OH,  is  a  substance  which  occurs  very 
frequently  both  as  an  animal  and  a  vegetable  product.  It  is 
present  in  various  parts  of  the  animal  system ;  in  biliary  calculi, 
of  which  it  sometimes  constitutes  nearly  the  entire  substance ; 
in  the  yolk  of  egg  ;  in  the  fat  extracted  from  the  fleece  of  sheep, 
chiefly  in  the  form  of  ethereal  salts  of  acids  of  the  acetic  and 
oleic  series ;  and  in  various  vegetable  substances,  in  the  fixed 
oils,  for  example,  and  seeds  such  as  peas,  wheat,  and  maize. 

Cholesterin  is  tasteless,  inodorous,  insoluble  in  water,  and 
sparingly  soluble  in  cold  alcohol,  but  easily  soluble  in  boiling 
alcohol ;  it  crystallizes  with  a  molecule  of  water  in  thin  white 
shining  plates,  which  melt  at  about  144°  {2gi°'2,  F.).  Its  solu- 
tions exert  a  Igevorotatory  action  on  polarized  light.  On  adding 
sodium  to  a  solution  of  cholesterin  in  petroleum,  sodic  cholestery- 
late,  CggH^g.ONa,  is  formed  with  evolution  of  hydrogen.  By  the 
action  of  phosphoric  pentachloride,  or  by  heating  with  concen- 
trated hydrochloric  acid,  the  OH  group  in  cholesterin  may  be 
displaced  by  chlorine.  Cholesterylic  chloride,  CggH^gCl,  is  a 
crystalline  substance,  which  melts  at  100°  (212°  F.) ;  when 
digested  with  ammonia,  it  furnishes  cholesterylamine,  CggH^.HgN, 
which  crystallizes  in  colourless  plates  melting  at  104°  (2i9°'2  F.). 
Cholesterin  also  enters  into  reaction  with  acids,  forming  ethereal 
salts :  thus,  by  heating  it  with  benzoic  acid  at  200°  (392°  F.),  it 
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is   noi) verted  into   cholesterylic   beuzoate^  CggH^gO.CyHgO,  wliicli 
crystallizes  from  ether  in  small  glistening  plates,  melting  at  150° 
(302°  F.)    (Schulze^  Journ.  pr.  Chem.  [2],  vii.  16'^  ;   the  acetate, 
CogH^gO.CgHgO,   formed   by  the   action  of  acetic  chloride,   crys- 
tallizes in  small   colourless  needles,  which  melt  at  92°  (i97°'6  F.) 
'  (Loebisch,   Deut.  chem.    Ges.   Ber.,   v.   510).       Cholesterin    com- 
bines   with    a    molecule    of    bromine,    forming    the    compound 
CogH^^Brg.OH  ;  this  crystallizes  in  small  colourless  needles,  mejting 
lat  147°    (296°"6  F.),   and   is  reconverted  into  cholesterin   by  the 
action  of  nascent  hydrogen    (Wislicenus  and  Moldenhauer,  Ann, 
Chem.  Pharm.,  cxlvi.  175).    By  oxidation  with  potassic  dichromate 
land  sulphuric  acid,  cholesterin  is  converted  into  a  white  amorphous 
acid,  having  the  composition   of  oxycholic   acid,  CogH^QOg,  small 
quantities   of    acids   of   the    acetic    series    being   also  produced 
['(Loebisch  ;  compare  Latschinoff,  Deut.  chem.  Ges.  Ber.,  ix.  13 11). 
{        Isocholesterin  accompanies  cholesterin  in  wool- grease  (Schulze, 
loc.  cit.).      It  separates  from  a  dilute  alcoholic   solution  in  white 
jflocculi,  but  a  hot  concentrated  solution  solidifies  on  cooling  to  a 
transparent  jelly ;    it   crystallizes  from  ether  and  acetone  in  fine 
transparent  needles,  which  melt  at  137° — 138°  (278°-6 — 28o°*4  F.). 
Isocholesterylic  benzoate    separates   from    ether  as  a   crystalline 
powder,  which  under   the   microscope   is   seen  to  consist  of  fine 
needles;   it  melts  at    190°  (374°  F.).      Phosphoric   pentachloride 
3onverts  it  into  the  chloride  CggH^Cl.      If  cholesterin  is  dissolved 
n   a  small  quantity  of  chloroform  and  the  solution  shaken  with 
m  equal  volume  of  concentrated   sulphuric   acid,  the  chloroform 
[uickly  becomes   blood-red   and   then   cherry-red  or  purple,  but 
socholesterin  does  not  exhibit  this  behaviour. 

(1484)  Alcohols  derived  from  Naphthalene.  Naphthols. — 
vVhen  the  SO3H  group  in  the  two  isomeric  sulphonic  acids  produced 
)y  the  action  of  sulphuric  acid  on  naphthalene  is  displaced  by  OH, 
Q  the  usual  manner,  by  fusing  their  potassic  salts  with  potassic 
lydrate,  ^c,  two  isomeric  alcohols,  a-  and  ^-naphthol,  CjqH^.OH, 
re  obtained,  which  bear  precisely  the  same  relation  to  naphtha- 
3ne  that  phenol  bears  to  benzene,  and  which  closely  resemble 
henol  in  properties;  these  naphthols  may  also  be  prepared  from 
-  and  j3-amidonaphthalene,  or  naphthylamine,  CjqHj..H2N,  by 
rriess^s  method  (Schaeffer,  Ann.  Chem.  Pharm. j  clii.  279  ;  Maiko- 
ar,  Zeits.  Chem.  [2],  v.  215). 

II  Both  are  colourless  crystalline  substances,  easily  soluble  in 
cohol,  ether,  chloroform,  or  benzene,  but  sparingly  soluble  in 
pt  water  and  almost  insoluble  in  cold  water.  a-Naphthol  crys- 
(Uizes  frdm  water  in  small  needles,  j3-naphthol  in  laminae ;  the 
3  KK 
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crystals  of  the  former  belonging  to  the  monoclinic,  and  those  of 
the  latter  to  the  rhombic  system.  ti-Naphthol  melts  at  about 
95°  (203°  ¥.),  and  boils  at  278°— 280°  {532°-4— 536°  F.)  ;  it  has 
a  faint  odour  resembling  that  of  phenol.  /3-Naphthol  melts  at  123'' 
(253°-4F.),  and  boils  at  285° — 290°  (554°  F.) ;  it  is  almost  odour- 
less. a-Naphthol  readily  volatilizes  with  the  vapour  of  water, 
but  the  j3-compound  '  volatilizes  only  to  a  very  slight  extent. 
The  aqueous  solution  of  a-naphthol  becomes  dark  violet  on  adding 
bleaching  powder  solution,  and  red,  passing  to  violet,  when  ferric 
chloride  is  added  ;  the  solution  of  j3-naphthol  is  coloured  pale 
yellow  by  bleaching  powder  solution,  and  pale  green  by  ferric 
chloride.  The  naphthols  dissolve  readily  in  alkalies,  and  sodium 
and  potassium  act  upon  them  with  evolution  of  hydrogen;  but  their 
metallic  derivatives  are  far  less  stable  than  those  of  phenol,  and 
are  decomposed  when  their  aqueous  solutions  are  evaporated.  By 
the  action  of  carbonic  anhydride  on  their  sodium  derivatives,  the 
sodic  salts  of  oxy- acids  are  produced,  corresponding  to  those 
obtained  in  a  similar  manner  from  the  phenols.  On  warming 
with  concentrated  sulphuric  acid,  they  are  dissolved  and  converted 
into  naphtholsulphonic  acids,  C^QHg(0H).S03H. 

By  distilling  /3-naphthol  with  phosphoric  pentachloride  it  is 
converted  into  /3-chloronaphthalene  (1368),  C^qH^CI  (Rimarenko, 
Deut.  chem.  Ges.  Btr.,  ix.  663).* 

The  only  haloid  derivative   of  naphthol  at  present  known  is 


*  Accordirg  to  Kimarenko,  /3:chloronaphthalene  melts  at  56°  (i32°*8  F.), 
and  boils  at  264° — 266°  (507°-2 — 5io°8  F.).  Atterberg,  in  a  recent  commu- 
nication {ibid.,  ix.  926),  states  that  the  chloronaphthalene  obtained  from  nitro* 
naphthalene  (1367)  is  the  a-compound,  and  not  the  isomeric  /3-derivative  as  he 
formerly  supposed. 

a-Chloronaphthalene  is  converted  by  the  action  of  cold  nitric  acid  of  sp.  gr. 
1*4  into  a  nitro-a-chloronaphthalene,  which  crystallizes  in  fine  pale-yellow 
needles,  melting  at  85°  (185°  F.);  this  compound  furnishes  a-naphthylaiuine 
on  reduction  (Atterberg).  When  a-chloronaphthalene  is  treated  with  fuming 
nitric  acid,  a  dinitro-a-chloronaphthalene  melting  at  180°  (356°  F.)  is  produced, 
together  with  that  melting  at  105°  (221°  P\):  the  quantity  obtained  beir 
greater,  the  higher  the  temperature  at  which  the  nitration  is  effected  (Atterbei^)| 
Some  light  has  recentl}'  been  thrown  on  the  formation  of  isomeric  chloi 
naphthalenes  from  naphthalene  by  the  discovery  that,  when  pure  naplithalei 
tetrachloride  (1367)  is  decomposed  by  an  alcoholic  solution  of  potassic  hydrate,^ 
apparently  only  a-dichloronaphthalene  melting  at  36°  (96°'8  F.)  is  produced; 
whereas,  when  it  is  decomposed  by  rapidly  heating  small  quantities  to  boiling* 
chiefly  the  isomeric  /3-compound  melting  at  68°  (i54°"4  F.)  is  obtained,  and  by 
heating  larger  quantities  and  maintaining  the  liquid  in  the  state  of  gentle 
ebullition  until  hydrochloric  acid  ceases  to  be  evolved,  a  mixture  of  j3-dichloro- 
naphthalene  with  a  considerable  amount  of  the  a-compound  is  formed  (Krafft 
and  Becker,  ihid.,  ix.  1088). 
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the  dibrom-a-naphthol,  C^QH.Bro.OH,  which  is  produced  on  adding 
bromine  to  a  solution  of  a-naphthol  in  acetic  acid.  It  crystallizes 
in  long  colourless  glistening  needles,  which  melt  at  1 1 1°  (23 1°"8  F.). 
It  is  readily  converted  into  trioxy naphthalene;  CjqH5(OH)3,  by 
treatment  with  an  alcoholic  solution  of  potassic  hydrate  (Bieder- 
mann,  ibid.,  vi.  11 19). 

(1485)  Nitroso-,  Nitro-,  and  Amido-derivatives  of  a-  and  ^-Naphthol. — 

j  When   submitted  to   the  action  of  nitrous  acid,  a-naphthol  furnishes  a  mixture 

,  of  two   isomeric    nitrosonaphthols,    CjgHg(NO).OH  (Fuchs,  ibid.,    viii.    625). 

!  a-Nitroso-a-NaphtJwl    crystallizes  in  needles,    and  when  precipitated  from  its 

solution  in  alkalies  by  the  addition  of  an  acid  is  of  a  pure  white  colour;  it  melts 

between  175°  and   185°  (347°   and   365°   F.),  but   undergoes  decomposition. 

^•Nitroso-a-Naphthol,   which   is   the  chief  product,   is  yellow,   and    melts    at 

145° — 150°  (293° — 302°  F.),  but. is  also   decomposed;    it  is  easily  soluble  in 

benzene,  in  which  the  isomeride  is  only  sparingly  soluble. 

The  preparation  of  nitro-derivatives  directly  from  the  naphthols  is  extremely 
difficult,  a-naphthol  being  almost  entirely  converted  into  resinous  substances  by 
the  action  of  nitric  acid  ;  they  are  readily  procured  by  indirect  methods  however  : 
thus,  by  boiling  the  two  isomeric  nitro-derivatives  produced  on  nitrating 
acet-a-amidonaphthalene*  (pp.  349,  350)  with  sodic  hydrate  solution,  they  are 
converted  into  the  sodium  derivatives  of  the  corresponding  nitronaphthols 
(Biedermann  and  Andreoni,  ihid.,  vi.  342  ;  Biedermann,  vi.  1117  ;  Liebermann 
and  Dittler,  vii.  240  ;  Liebermann,  viii.  680)  : 

1 1    C,,H^(N0J.NH(C,H30)  +  2NaOH  =  C,,H,(NO  J.ONa  +  NH3  +  Na  C,H30,. 

The  two  nitro-a-naphthols  may  also  be  obtained  by  carefully  oxidizing  the 
corresponding  nitrosonaphthols  (Fuchs),  and  a-nitro-a-naphthol  is  produced  in 
?mall  quantity  when  a  mixture  of  i  pt.  nitronaphthalene,  i  pt.  potassic  hydrate, 
pd  2  pts.  slaked  lime  is  heated  to  140°  (284°  F.),  in  a  retort  through  which  a 
purrent  of  oxygen  or  air  is  slowly  passed  ;  the  latter  method,  which  is  due  to 
Dusart,  has  been  employed  for  the  preparation  of  nitronaphthol  on  the  large  scale, 
:his  compound  being  used  as  a  yellow  dye,  but  on  account  of  the  smallness  of  the 
ield  it  is  no  longer  manufactured  (Darmstaedter  and  Nathan,  ibid.,  iii.  943  ; 
Liebermann  and  Dittler,  vii.  244). 

a-Nitro-a-Naphthol,  which  is  obtained  from  the  nitro-a-amidonaphthalene 
nelting  at  191°  (375°'8  F.),  is  very  soluble  in  alcohol,  from  which  it  crystallizes 
n  very  slender  lemon-yellow  interlaced  needles;  it  melts  at  164°  (327°'2  F.). 
^-Nitro-a-NapMJiol,  from  the  nitro-a-amidonaphthalene  which  melts  at  159° 
3i8°'2  F.),  is  much  less  soluble  in  alcohol,  and  crystallizes  in  isolated  needles 
mch  thicker  than  those  of  its  isomeride  ;  it  melts  at  128°  (2  62°'4  F-)-  They 
issolve  in  alkaline  solutions  and  decompose  metallic  carbonates,  forming  metallic 


*  The  product  obtained  on  nitrating  acet-a-amidonaphthalene  is  a  mixture 
f  three  isomeric  bodies,  two  of  which,  however,  melt  at  the  same  temperature 
171°  C),  but  are  converted  by  the  action  of  alkalies  into  distinct  nitro-a-amido- 
aphthalenes  melting  respectively  at  191°  and  159"  C. ;  the  third  isomeride  melts 
'.  189°  C,  but  also  furnishes  the  nitro-a-amidonaphthalene  melting  at  191°  C. 
liebermann  and  Dittler,  ibid.,  vii.  240).  The  nature  of  the  isomerism  between 
10  two  compounds  which  furnish  the  same  nitro-amidonapbthalene  is  not  yet 
:i)lained,  but  it  appears  probable  that  they  belong  to  the  class  of  "  physical 
omerides." 
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derivatives  which  crystallize  well,  and  are  mostly  of  a  red  colour.  Both  a-and-3- 
nitro-a-riaphthol  furnish  phthalic  acid  on  oxidation  with  nitric  acid,  which  is  a 
proof  that  the  NO,  and  OH  group  in  each  of  them  are  in  the  same  benzene 
nucleus. 

The  nitronaphthols  are  converted  by  reduction  into  corresponding  amido- 
naphthols,  the  hydrochlorides  of  which  may  be  obtained  in  colourless  crystals; 
a-amido-a-naphthol  readily  furnishes  naphthaquinone  on  oxidation,  but  this 
compound  cannot  be  obtained  from  ^-amido-a-naphthol  (Liebermann  and  Dittler, 
ihid.,  vii.  243). 

Dinitro-a-naphthol,  O^^^i^O^^.OH,  which  is  the  final  product   of  nitra- 
tion that  can  be  obtained  from  a-naphthol,  may  be  produced  by  the  action  of 
nitric  acid  on  the   nitroso-   and  nitro-a-naphthols  (Fuchs),  or  on  a-naphthol- 
sulphonic  acid  (Darmstaedter  and  Wichelhaus,  ihid.,  ii.  113),  and  by  displacing 
the  NH,  group  in  dinitro-a-araidonaphthalene  by  OH  by  boiling  it  with  a  solu- 
tion of  sodic  hydrate  (Liebermann  and  Haramerschlag,  ihid.,  ix.  2>3Z)-     I^  ^ftj 
also  be  prepared  by  adding   potassic   nitrite  to  a  solution    of  a-naphthylamitt 
hydrochloride,  and  subsequently  heating  the  solution  with  nitric  acid  (Martius). 
the  njiphthylatnine  salt  is  thus  converted  into  diazonaphthalene  hydrochlorii^B 
which  is  decomposed  on  warming  with  water,  and  the  naphthol  produced  is  ■$, 
once   converted    into   the    dinitro-compound    by   the    nitric    acid    present.     I 
crystallizes  in    sulphur-yellow  needles/which  melt  at    138°  (28o°*4  F,);  iti 
metallic  derivatives  are  orange  or  red  in  colour,  and  the  nitro-compound  itself  ii 
one  of  the  most  beautiful  of  yellow  dyes.     On  boiling  with  nitric  acid  it  for 
nishes  phthalic  acid. 

By  the  action  of  nrscent  hydrogen,  dinitro-a-naphthol  is  converted  iota 
diamido-a-naphtkol,  Q ^^ ^(^]A ^ ,^.0B. ;  the  hydrochloride  of  this  compound ia 
converted  into  the  hydrochloride  of  the  so-called  diimidonaphthol  on  treatmffliij 
with  ferric  chloride,  and  by  heating  the  latter  with  water,  the  so-called  oximid 
naphikol  is  produced,  which  furnishes  0x7/ naphthaquinone  when  boiled  wit 
hydrochloric  acid  (Graebe  and  Ludwig,  Ann.  Chem.  Pharm.,  cliv.  303)  : 

+   2HCI 


C.A- 

(OH 

NH,    + 
(NH, 

F-^.C'. 

=   C,H, 

(nh. 

^+     2FeCl 

Diamidonaphthol. 

CA 

{  NH  /    +  OH, 

(nh. 

=    C„H 

.<nh/ 
Uh, 

+    NH,. 

CA- 

[oh 

OH, 

+   HCl   - 

-C„H.    1 

'SI- 

OH 

Oxynaphthaquinone. 

NH.Cl. 


Dinitro'^-naphthol,  the  only  nitro-derivative  of  /3-naphthol  at  present 
known,  is  produced  on  treating  an  alcoholic  solution  of  /3-naphthol  with  dilute 
nitric  acid.  It  crystallizes  in  pale  yellow  needles,  which  melt  at  195°  iZ^i  ^'r 
It  furnishes  a  number  of  difficultly  soluble,  yellow  or  red  metallic  derivatives 
(Wallach  and  Wichelhaus,  Deut.  chem.  Ges.  Ber.,  iii.  846). 


*  Graebe  and  Ludwig  assign  to  this  compound  the  formula  C^^J^OR)  \  ^^  \  y 

and  they  assume  that   in  its  formation  from  diamidonaphthol  each  of  the  NHj 
groups  in  the  latter  is  deprived  of  an  atom  of  hydrogen,  and  that  the  nitrogen 
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(i486)  Constitution  of  the  Naphthol  Derivatives. — The  manner  in  which 
the  constitution  of  the  naphthols  themselves  may  be  inferred  has  ah-eady  been 
explained  (1366;.  The  constitution  of  their  derivatives  has  not  yet  been 
experimentally  demonstrated  in  the  same  rigorous  manner  as  that  of  the  phenol 
derivatives,  but  the  close  agreement  in  general  behaviour  between  phenol  and 
the  naphthols,  and  in  the  properties  of  their  derivatives,  appears  to  warrant  the 
conclusion  that  the  constitution  of  the  naphthol  derivatives  is  similar  to  that  of 
the  corresponding  phenol  derivatives  produced  under  similar  conditions. 
Applying,  therefore,  to  the  naphthols,  the  law  of  substitution  which  obtains  in 
the  case  of  phenol,  we  may  represent  their  nitro-derivatives  in  the  following 
manner  : 

OH  OH  OH  N0„ 

/\      /\/\no.     ,^X\no     /\. 


V  \/ 


NO,  NO, 

a-Nitro-a-naphthol.       /3-Nitro-a-naphthol.  Dinitro-a-naphthol,  Dmitro-/3-naphthol. 

The  relation  which  the  so-called  diimodonaphthol  and  oximidonaphthol  probably 
bear  to  diamido-a-naphthol  is  indicated  by  the  following  formulae  : 

OH 


NH„ 


v 

NH, 

Diamido-a-naphthol. 


HN 

?  Diimidonaphthol. 


OH 


HN 

?  Oximidonaphthol. 


atoms  then  become  united  by  one  affinity  of  each ;  but  according  to  our  view  of 
the  constitution  of  diamidonaphthol  and  of  the  quinones,  it  appears  more  probable 
that  only  one  of  the  NH,  groups  loses  an  atom  of  hydrogen,  the  second  being 
jwithdrawn  from  the  OH  group  ;  if  this  be  the  case,  the  so-called  diimodo- 
Inaphthol  is  the  amido-derivative  of  a  compound  intermediate  between  naphtha- 
quinone  and  diimidonaphthalene  : 

Naphthaquinone.  Diimidonaphthalene. 

According  to  Heintzel  {Journ.  pr.  Chem.,  c.  193),  triamidophenol  (1469)  ex- 
hibits a  similar  behaviour,  its  hydrochloride  being  converted  on  exposure  to  air 
into  the  hydrochloride  of  a  compound  to  which  Kekule  {Lehrbuch,  iii.  66)  has 


assigned  the  formula  C^H^IOH) 


(NH 

\  NH 

NH 


}. 


but   which     is     more   probably    the 


diamido-derivative  of  an  "  imidoquinone,"  CgH2(NH2)2  |      ^  i  ;  by  boiling  with 

water  it  is  converted  into  the  hydrochloride  of  a  new  compound,  which  is  perhaps 
formed  by  the  displacement  of  one  of  the  NH,  groups  by  OH,  and  may  there- 

I  OH 
fore  be  represented  by  the  formula  CgH2(NH2)  {  NH  )  • 
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We  may  here  also  direct  attention  to  the  conclusion  which  may  be  drawn  as 
to  the  constitution  of  the  two  is^omeric  dinitronaphthalenes  produced  on  nitrating 
naphthalene  (1370),  if  the  formula  above  given  is  the  correct  expression  of  the 
constitution  of  dinitro-a-naphthol,  and  if  naphthaquinone  is  analogous  in  consti- 
tution to  ordinary  quinone  (p.  349).  Thus,  according  to  Liebermann  and 
Hammerschlag  {Deut.  chem.  Ges.  Ber.,  ix.  2>ZZ)'  ^^^  dinitronaphthalene  from 
which  dinitro-a-naphthol  is  derived,  and  which  may  be  obtained  by  displacing 
the  NHg  group  m  dinitro-a-amidonaphthalene  by  hydrogen,  is  not  identical  with 
either  of  the  dinitronaphthalenes  from  naphthalene ;  moreover,  the  diamidonaph- 
thalenes  obtained  on  reducing  the  latter  do  not  furnish  any  naphthaquinone  on 
oxidation,  whereas  the  diamidonaphthalene  from  the  nitro-a-amidonaphthalene 
which  is  convertible  into  a-nitro-a-naphthol  readily  furnishes  naphthaquinone  on 
oxidation  (Liebermann  and  Dittler,  ihid.,  vi.  949).  Hence  we  may  conclude 
that  in  neither  of  the  two  dinitronaphthalenes  from  naphthalene  are  the  NO^ 
groups  relatively  in  the  position  i  :  4  or  i  :  3,  since  that  in  which  the  NO.^ 
groups  are  in  the  position  i  :  4  would  furnish  a  diamidonaphthalene  yielding 
naphthaquinone  on  oxidation,  whilst  that  in  which  NO^  :  NO.^  =1:3  would  be 
identical  with  the  dinitronaphthalene  from  dinitro-a-amidonaphthalene.  There- 
fore, in  one  of  the  two  dinitronaphthalenes  from  naphthalene,  the  NO^  groups  are 
probably  in  the  position  i  :  2  in  the  same  nucleus,  whilst  the  other  is  doubtless 
formed  by  the  displacement  of  two  atoms  of  hydrogen  in  different  nuclei.  This 
result  is  of  interest,  as  it  indicates  that  the  displacement  of  hydrogen  in  naph- 
thalene is  not  necessarily  confined  to  the  one  nucleus,  although  this  appears  to 
be  more  generally  the  case. 

(1487)  Alcohols  derived  from  Hydrocarbons  of  the 
^11^211- 14  Series. — Four  monohydric  alcohols  derived  from  hydro- 
carbons of  the  diphenyl  series  are  at  present  known  to  us^  viz.  r 

M.P.  °  c. 

Paraphenylphenol CgH^.CgH^.OH     165° 

Benzylphenol CgH..CH2.CgH^.0H        84° 

Diphenylcarbinol    .......  °(C^Hg),CH.OH       68° 

Tolylphenylcarbinol     .     ,     .  G^n^.QYL^,Q{Q^\i^)Yi.On       62° 

Paraphenylphenol  or  Oxy diphenyl :  CgH5.CgH4.OH,  is  obtained 
by  displacing  the  SO3H  group  in  diphenylparasulphonic  acid  by 
OH  by  fusing  it  with  potassic  hydrate,  &c.  (Engelhardt  and 
LatschinoflP,  Deut.  chem.  Ges.  Ber.,  vi.  194) ;  it  may  also  be  pro- 
duced from  the  amidodiphenyl  obtained  on  reducing  paranitro- 
diphenyl  (Osten,  ibid.,  vii.  i']'^).  It  crystallizes  in  minute  needles, 
which  melt  at  164" — 165°  (3 27°' 2 — 329°  F.),  and  boils  at 
305 — 308°  (581° — 586°'4  F.);  it  is  easily  soluble  in  alcohol  and 
solutions  of  caustic  alkalies,  and  volatilizes  with  the  vapour  of 
water.  It  does  not  produce  a  coloration  with  ferric  chloride. 
iJy  the  action  of  concentrated  sulphuric  acid,  it  is  converted  into  a 
mixture  of  mono-  and  di-sulphonic  acids.  On  nitration  it  furnishes 
a  mixture  of  a  mono-  and  a  dinitro-derivative ;  the  mononitro- 
compound,  CgH5.C6H3(N02).OH,  crystallizes  in  lemon-yellow 
prisms,  and  melts  at  67°  (i52°'6  F.),  whilst  the  dinitro-deriva- 
tive^  C6H5.C6H2(N02)2.0H,   crystallizes  in  golden-yellow  plates, 
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and  melts  at  154°  (309°*^^  F.) ;  only  the  former  volatilizes  with  the 
vapour  of  water.  Both  famish  red  metallic  derivatives,  hut  those 
of  the  mono-nitro-compouad  are  extremely  unstable.  Oxydiphenyl 
is  converted  into  parachlorodiphenyl  when  distilled  with  phos- 
phoric j)entachloride  (1374). 

Benzylphenol :  CgKg.CH^.CgH^.OH,  is  the  product  of  the  action  of  benzylic 
chloride  on  phenol  in  presence  of  zinc ;  it  is  probable  that  the  para-  and 
ortho-modifications  are  formed  simultaneously  in  this  reaction,  although  only  a 
single  benzylphenol  has  been  isolated.  Benzylphenol  crystallizes  in  white  silky 
needles  or  lustrous  plates,  soluble  in  alcohol,  ether,  benzene  and  alkaline  solu- 
tions; it  melts  at  84°  (i83°"2  P.).  When  heated  with  concentrated  sulphuric 
acid,  it  is  converted  into  a  disulphonic  acid,  and  bromine  gives  rise  to  a  crystalline 
body,  melting  at  about  175°  (347°  P-)'  which  is  probably  a  dibromorderivative. 
By  the  combined  action  of  sodium  and  carbonic  anhydride,  it  is  converted  into 
the  sodium  salt  of  benzyloxybenzoic  acid,  Q^B.^.C¥L^.b^RlOK).QO0K  (Paterno, 
Journ.  Chem.  /Soc,  xxv.  702;  xxvii.  371). 

The  acetate,  0^R^.0R.^.Q^R^.O{CYl.p),  formed  by  the  action  of  acetic  chloride, 
is  a  liquid  which,  on  exposure  to  the  air,  absorbs  water  and  becomes  decomposed. 
The  corresponding  benzoate  crystallizes  in  thin  plates  and  glistening  needles  ;  it 
melts  at  86°  (i86°'8  F.),  and  is  not  decomposed  by  water  or  an  aqueous  solu- 
tion of  potassic  hydrate.  The  behaviour  of  benzylphenol  on  oxidation  has  not 
been  investigated,  but  from  its  mode  of  formation  it  is  probable  that  it  is  a  para- 
derivative  of  phenol,  and  that  it  would  yield  paroxybenzoic  acid, 

Diphenylcarhinol  or  Benzhydrol  :  {Q^\l^^CH.OR,  is  formed  by  tretlting 
diphenylketone,  CgH^.CO.CgHg,  dissolved  in  dilute  alcohol,  with  sodium  amalgam. 
It  crystallizes  in  slender  silky  needles,  which  melt  at  68°  {154°  4  F.),  and 
boils  at  about  298°  {568°-4  F.),  being  partially  decomposed  and  converted  into 
the  ether  {C^\i^)^Q,}1.0.Gll{Q^Yl).^.  It  is  sparingly  soluble  in  water,  but  dissolves 
more  easily  in  alkaline  liquids ;  on  the  addition  of  water  to  a  concentrated  solu- 
tion of  potassic  hydrate  saturated  with  diphenylcarbinol,  the  alcohol  is  deposited 
in  the  crystalline  form.  It  dissolves  with  facility  in  alcohol  and  other  menstrua. 
On  treatment  with  bromine,  it  furnishes  a  crystalline  dibromo-derivative,  which 
IS  not  affected  by  heating  with  moist  argentic  oxide  or  potassic  hydrate  solution, 
and,  therefore,  probably  has  the  formula  (CgH^Br).,CH.OH.  On  oxidation,  it 
is  converted  into  diphenj'lketone  (Linnemanu,  Ann.  Chem.  Pharm.,  cxxxiii.  6). 

Tolylphenylcarbinol  or  Toluylene  Hydrate  :  CgH5.CH2.C(CgH.)H.OH,  is 
obtained  on  treating  an  alcoholic  solution  of  deoxybenzoin  or  tolylphenyl- 
ketone,  CgHg.CH^.CO.CgHg,  with  sodium  amalgam  ;  and,  together  with  benzoic 
acid,  by  the  action  of  an  alcoholic  solution  of  potassic  hydrate  on  hydrobenzoin, 
CgH^.CH(OH).CH(OH).CgHg.  It  crystallizes  in  long,  slender,  brittle  needles, 
insoluble  in  water,  but  very  soluble  in  alcohol  and  ether;  it  melts  at 
62°  (i43°-6  F.),  and  distils  without  decomposition.  It  is  very  readily  converted 
into  deox^'benzoin  by  oxidation.  On  treatment  with  bromine,  it  furnishes  bromo- 
tolane,  C^^H^Br,  together  with  other  substances  not  yet  identified.  When 
boiled  with  dilute  sulphuric  acid,  it  is  converted  into  stilbene  or  toluylene,  C^^H^^' 
and  water  (Limpricht  and  Schwanert,  ihid.,  civ.  60). 

CgHJ 

(1488)  DiPHENYLENECAEBiNOL  or  jP^worewe^Zco/ioZ;    I         VCH.OH,  the 

c.hJ 

only  monohydric  alcohol  derived  from  the  hydrocarbons  of  the  CnHgn-w  series 
at  present  known  to  us,  is  obtained  by  the  action  of  sodium  amalgam  on  an 
alcoholic    solution   of  diphenyleneketone    (1383).     It  crystallizes  in  hexagonal 
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plates,  which  melt  at  153°  (307°*4  F.)  ;  when  heated   for  some   time  above  its  . 
fusing  point  it   is  converted   into  the  ether   (C^3Hg)20.      It  readily   furnishes 
diphenyleneketone  on  oxidation  (Barbier,  Compt.  JRend.,  Ixxx.  1396). 

(1489)  Alcohols  derived  from  Anthbacene.  Anthrols. — Byfusingthe 
potassic  salts  of  the  two  authracenesulphonic  acids  (p-373)  with  potassic  hydrate, 
they  may  be  converted  into  corresponding  oxyanthracenes  or  anthrols,  C^^Hg.OH 
{\A\\\ie,Journ.  pr.  Chem.  [2],  xi.  227).  a- ^w^AroZ crystallizes  in  glistening  pale 
yellow  needles  and  plates,  insoluble  in  water,  but  easily  soluble  in  alcohol,  ether 
and  benzene;  it  decomposes  at  250°  (482°  E.),  without  fusing.  (i-Anthrol 
forms  yellowish  prisms,  less  soluble  in  alcohol  and  ether  than  the  a-com pound; 
when  heated,  it  also  decomposes  without  fusing.  Both  dissolve  in  sulphuric  acid,, 
forming  sulphonic-acids,  and  furnish  bromo-derivatives  when  treated  with  bromine. . 
They  dissolve  easily  in  alkalies,  and  when  the  solutions  are  heated  in  presence 
of  air,  coloured  oxidation  products  separate  (comp,  Anthraquinone). 

(1490)  Triphenylcaebinol  :  C(CgHj)g.OH,  is  formed  on  treating  triphenyl- 
bromomethane  with  water,  and  by  the  action  of  a  mixture  of  potassic  dichromate 
and  sulphuric  acid  on  triphenylmethane  (1402).  It  crystallizes  from  alcohol, 
ether,  or  benzene,  in  which  it  is  easily  soluble,  in  brilliant  monoclinic  plates,  which 
melt  at  157°  (3I4°'6  F.);  it  boils  without  deconiposition  at  a  temperature  above 
360°  (680°  F.).  It  dissolves  in  cold  concentrated  sulphuric  acid,  but  is  repre- 
cipitated  on  the  addition  of  water.  On  treatment  with  bromine  or  nitric  acid,  it 
furnishes  substitution  derivatives  diffic;ult  of  purification  ;  the  nitro-derivative 
does  not  dissolve  in  alkalies.  When  its  solution  in  toluene  is  boiled  with  sodium, 
hydrogen  is  evolved  and  an  insoluble  pulverulent  sodium  derivative  produced. 
When  submitted  to  the  action  of  acetic  or  benzoic  chlorides  it  is  converted  into 
the  corresponding  acetate  or  benzoate,  but  these  compounds  are  decomposed  even 
by  exposure  to  moist  air. 

§  VI.    DiHYDRic  Alcohols  of  the  CnHo^COHjg  or 
Glycolic   Series.      The  Glycols. 

(1491)  The  alcohols  of  this  series  are  derived  from  the 
paraffins  by  the  displacement  of  two  atoms  of  hydrogen  by  twice 
the  group  OH,  but  dihydric  alcohols  having  very  different  pro- 
perties are  obtained,  according  as  the  two  atoms  of  hydrogen  which 
are  displaced  are  associated  with  the  same  or  with  different  atoms 
of  carbon  :  those  in  which  the  two  OH  groups  are  attached  to 
different  carbon  atoms  being  tolerably  stable  bodies,  distilling 
without  decomposition  ;  whilst  those  in  which  both  OH  groups 
are  united  with  the  same  carbon  atom  are  so  unstable  that  they 
cannot  be  isolated.  The  alcohols  of  the  former  class  are  termed 
glycols ;  those  of  the  latter  class  may  be  called  aldehydrols  on 
account  of  their  relation  to  the  aldehydes,  from  which  they  may 
be  regarded  as  formed  by  the  conversion  of  the  COH  group  into 
the  group  CH(0H)2  by  the  addition  of  the  elements  of  a  molecule 
of  water. 

As  we  have  already  pointed  out,  the  possibility  of  the  existence 
of  compounds  in  which  more  than  one  OH  group  is  associated  with 
the  same  carbon  atom  is  disputed  by  some  chemists,  chiefly  on  the 
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ground  that  they  cannot  be  isolated ;  and  the  existence  of  bodies 
of  the  ^^  aldehydroF^  class  is  explained  by  the  assumption  that  they 
are  mere  molecular  combinations  similar  to  salts  with  water  of 
crystallization  :  chloral  hydrate,  for  example,  according  to  this 
view,  is  a  molecular  combination  of  trichloraldehyde  and  water, 
CCI3.COH  +  OH2,  and  has  not  the  constitution  represented  by  the 
formula  CCl3.CH(OH)2.  We  are  acquainted, however, with  too  many 
instances  of  the  decomposition  of  bodies  by  heat  to  attach  much 
weight  to  the  argument  drawn  from  the  instability  of  those  com- 
pounds in  which  we  may  suppose  two  OH  groups  to  be  asso- 
ciated with  the  same  carbon ;  atom  moreover,  the  mere  fact  that  a 
body  cannot  be  isolated  in  a  pure  state  is  no  proof  that  it 
cannot  exist  under  favourable  conditions.  But  the  most  impor- 
tant evidence  that  aldehydrols  may  exist  is  furnished  by  the 
behaviour  of  the  aldehydes,  and  when  treating  of  these  com- 
pounds we  shall  have  occasion  to  show  that  many  of  their  reac- 
tions, which  otherwise  are  difficult  to  account  for,  are  at  once 
explained  in  a  simple  and  consistent  manner  if  it  be  assumed  that 
they  exist  in  aqueous  solution  as  "  aldehydrols/''  The  part  which 
these  bodies  appear  to  play  in  the  formation  of  aldehydes  from 
the  monohydric  alcohols  of  the  ethylic  series  by  oxidation  has 
already  been  indicated  (p.  418). 

(1492)  Methods  of  Preparing  Dihydric  Alcohols  of  the 
C^HgnlOHjg  Series. — The  most  general  method  of  preparing 
the  glycols  consists  in  acting  upon  the  dihaloid  derivatives  of 
the  paraffins,  in  which  the  two  atoms  of  halogen  are  associated 
with  different  carbon  atoms,  with  argentic  or  potassic  acetate,  and 
saponifying  the  resulting  acetates  : 

CJl,Jir,   +   2AgC,HA  =  C,H,„(C,H30,),    +    aAgBr. 

CA„(C,H30,),  +   2KHO  =   C„H,„(OH),  +   aKC.HjO,. 

C^H.Br,  -i-   sKCjHsO,  =  CaH^CC^HjO^jj  +   2KBr. 

a-Dibromethane.  Ethylenic  acetate, 

(Ethylenic  bromide.) 

C,H,(C,H30,),  +  3KH0  =   C,H,(OH),   +  iKCfifi,. 

Ethylenic  acetate.  Glycol. 

(Ethylenic  alcohol.) 

Usually  the  dibromoparaffins  are  employed,  as  they  are  far  more  readily 
acted  upon,  and  also  more  readily  prepared,  than  the  dichloroparaffins  ;  and,  with 
one  exception,  all  the  alcohols  obtained  by  this  method  have  been  prepared  from 
the  dibromoparaffins  formed  by  combining  the  olefines  with  bromine.  When 
argentic  acetate  is  used  to  effect  the  conversion  of  the  dihaloid  paraffin  into  the 
diacetate,  it  is  mixed  with  a  small  quantity  of  glacial  acetic  acid  ;  the  reaction 
Qsually  takes  place,  if  not  at  ordinary  temperatures,  on  warming  on  the  water 
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bath.     The  saponification   of    the   acetate   is   effected  either   by   dry   potas«ic 
hydrate,  added  in  slight  excess,  or  by  a  concentrated  solution  of  baric  hydrate. 

A  second  general  metliod  of  preparing  glycols^  which,  how- 
ever, gives  rise  only  to  glycols  of  a  particular  kind  termed 
pinacones,  consists  in  submitting  the  ketones  of  the  CO  (CyH2i,^^)2 
series  to  the  action  of  nascent  hydrogen  : 

^       ^  C(CH3)2.0H 

.2CO  CHg)^  -f   H2  =    I 

C(CH3),.0H 

Acetone.  Tetramethylglycol  or  pinacone, 

(1493)  Classificati07i  of  the  Glycols. — The  glycols,  like  the 
binols,  may  be  classified  in  several  groups,  according  to  their 
constitution.  Glycols,  such  as  the  first  term  of  the  series, 
(HO)H,C.CH2(OH),andpropyleneglycol(HO)H3C.CH2.CH2(OH), 
in  both  of  which  the  group  CH2(0H),  characteristic  of  ihe 
primary  carbinols,  is  contained  twice,  are  conveniently  termed 
primary  glycols  ;  in  a  similar  manner,  those  which  contain  the 
group  CH(OH)  twice  maybe  termed  secondary  glycols,  and  those 
in  which  no  hydrogen  atoms  are  associated  with  either  of  the 
carbon  atoms  to  which  the  two  OH  groups  are  united  may  be 
designated  tertiary  glycols. 

The  following  are  examples  of  these  three  classes  of  glycols ; 

Primary  glycol.  Secondary  glycol.  Tertiary  glycol. 

CH2(0H)  CHg.CHCOH)  C(CH3)2.0H 

CH2(0H)  CH3.CH(0H)  C(CH3)2.0H 

Glycol.  a-Dimethylglycol.  Tetramethylglycol. 

But  glycols  which  are  in  part  primary,  and  in  part  secondary 
or  tertiary,  or  in  part  secondary  and  in  part  tertiary,  may  also 
exist,  such  as,  for  example : 

Primary-secondary.  Primary-tertiary.  Secondary-tertiary. 

CHo  CH„ 

CH.OH      C(CH3)2.0H     CH.OH 
CHg.OH      CHg.OH        C(CH3)2.0H 

Methylglycol.  /3-Dimethylglycol.  Trimethylglycol. 

It  is  almost  needless  to  state  that  each  of  these  classes  is 
divisible  into  sub-classes,  according  to  the  constitution  of  the 
radicles  which  are  introduced  in  place  of  the  hydrogen  in  glycol,  &c. 
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(1494)  Properties  of  the  Glycols. — Although  a  considerable 
number  of  glycols  have  been  prepared,  our  knowledge  of  most  of 
them,  and  especially  of  their  physical  properties,  and  of  their 
behaviour  on  oxidation,  is  extremely  deficient.  They  are  all 
colourless,  odourless,  more  or  less  viscid  fluids,  soluble  in  water ;  the 
lower  terms  are  sweet,  but  the  higher  terms  are  bitter,  to  the  taste. 

Sodium  dissolves  in  the  glycols  with  evolution  of  hydrogen, 
forming  a  mono-sodium  derivative  : 

CH2.OH  CH^.OH 

2     I  +      ^Na      =1  +      Hn. 

CHg.OH  CH^.ONa 

Glycol.  Sodium  glycol. 

By  heating  these  compounds  with  sodium  a  second  atom  of 
hydrogen  may  be  displaced ;   thus  : 

CHg.OH  CHg.ONa 

2    I  +      2Na      =1  4-      Hg. 

CH^.ONa  CHg.ONa 

Sodium  glycol.  Disodium  glycol. 

These  sodium  derivatives  are  decomposed  by  water,  and  the 
glycol  re-formed. 

By  the  action  of  gaseous  hydrochloric  or  hydrobromic  acid  on 
the  glycols,  one  of  the  OH  groups  is  readily  displaced  by  chlorine 
or  bromine;  monochlorinated  and  monobromirated  derivatives 
of  alcohols  of  the  ethylic  series,  or  glycolic  chlor-  and  brom- 
ihydrins  are  thus  produced  : 

CH3.CH(OH).CH2(OH)  +  HCl  =  CH3.CH(0H).CH2C1  4-  OH^. 

Methylglycol.  Chlorisopropylic  alcohol. 

These  compounds  are  converted  into  dihaloid  paraffin  derivatives  by 
the  action  of  phosphorus  pentachloride  or  pentabromide,  and  this 
change  may  also  be  partially  effected  by  heating  with  a  saturated 
solution  of  hydrochloric  or  hydrobromic  acid.  By  the  action 
of  hydriodic  acid,  however,  the  glycols  are  readily  converted  into 
moniodo-paraffins,  owing  to  the  reduction  by  the  hydriodic  acid 
of  the  diiodoparaffins  which  are  the  immediate  products  of  the 
action  of  hydriodic  acid ;   thus  : 

CH,  CH„ 


3 

CH.OH      4-      2HI      =      CHI      4-      2OH 
CH^.OH  CHgl 


2 » 


Methylglycol.  |3-Diiodopropane. 

CH3.CHI.CH2I         +         HI         =         CH3.CHI.CH3         4-         Ig. 

/3-Diiodopropaue.  j3-Iodopropaue. 
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By  heating  the  glycols  with  acids^  such  as  acetic  acid,  ethereal 
salts  are  produced ;  the  basic  or  the  normal  salt  being  formed 
according  to  the  proportions  employed  : 

CH2.OH  CH,.OH 

I  +    aHgO.OH    =     1     ^  +    OH2; 

CHg.OH  CHg.OCC^H^O) 

Glycol.  Acetic  acid.  Basic  ethylenic  acetate. 

'    (Gly colic  monacetin.) 

CH2.OH  CH„.0(aH,0) 

I  +     2C.H3O.OH     =     1  ^23/^     ^Qjj^ 

CH^.OH  '  CH^.OCCgHgO) 

Glycol.  Acetic  acid.  Ethylenic  acetate. 

(Glycolic  diacetin.) 

The  oxidation  of  the  glycols  is  usually  effected  with  the  aid  of 
dilute  nitric  acid,  but  the  isolation  of  the  immediate  products  is 
extremely  difficult  on  account  of  the  readiness  with  which  they 
undergo  further  oxidation. 

The  primary  glycols  are  apparently  capable  of  furnishing  two  acids,  each 
containing  the  same  number  of  carbon  atoms  as  the  glycol  oxidized — viz.,  in  the 
first  place,  an  acid  of  the  glycolic  series : 

CH,.OH  CH^.OH 

I  +      2(0  +  0H3)     =       I    '  +    3OH,; 

CH,.OH  CO.OH 

Glycol.  Glycolic  acid. 

which  on  further  oxidation  is  converted  into  the  corresponding  acid  of  the 
oxalic  series  : 

CH,.OH  CO.OH 

I  +      2(0  + OH,)       =       I  +      3OH,. 

CO.OH  '  CO.OH  ^ 

Glycolic  acid.  Oxalic  acid.  ^ 

Intermediate  products  may  also  be  formed,  glycol,  for  example,  yielding 
glyoxal  and  glyoxylic  acid  on  oxidation,  in  addition  to  glycolic  and  oxalic  acids; 
the  relation  of  these  bodies  to  glycol  will  be  evident  from  the  following 
formulae  : 

CH^.OH  COH  CH(OHX 

CH,.OH        '         COH        '         CO.OH 

Glycol.  Glyoxal.  Glyoxylic  acid. 


I 


The  primary-secondary  glycols  furnish  acids  of  the  glycolic  series  on  oxida- 
tion, which,  however,  are  not  convertible  into  corresponding  acids  of  the  oxalic 
series ;  thus  : 

CH.  CH3 

CH.OH       +      2(0  +  0Hj      =      CH.OH      +      3OH,. 

CH,.OH  CO.OH 

M£thylglycoL  Lactic  acid. 
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The  tertiary  glycols  or  pinacones  are  reconverted  into  ketones  on  oxidation : 

r*^CH  )  OH 

r      '^''  4-      (O  +  OHJ      =      2C0(CH3),      +      3OH,. 

C(CH,),.OH 

Tetramethylglycol.  Acetone. 

The  probable   behaviour   of  the   secondary    and  secondary-tertiary  glycols 
is  illustrated  by  the  following  equations : 

'  C.K.CH.OH  ^  ■  ^ 

'    '  I  +  4(0  +  OHJ  =  C,H,.CH(OH).COOH  +  H.COOH  +  50H„. 

CH3.CH.OH      ^'  2/         .    5       V      /  :>      2 

Ethylmethylglycol.  a-Oxybutyric  acid.  Formic  acid. 

C(CH3),.0H 

I  C(CHX0H 

CH.OH  +   4(0  +  OHJ   =    \        '"  +    H.COOH    +    5OH,. 

I  ^  CO.OH  ^       ' 

CH3 

Triraethylglycol.  Oxyisobutyric  acid.  Formic  acid. 

(1495)  Methaldehydrol  :  CH2(OH)2. — When  diiodomethane 
or  methylenic  iodide  is  heated  with  argentic  acetate  and  a  small 
quantity  of  glacial  acetic  acid,  it  is  converted  into  the  diacetate 
CH£(C2H302)2;  on  heating  this  substance  with  water  in  closed 
tubes  at  ioo°  (212°  F.)  it  is  dissolved  and  decomposed,  and  a 
solution  is  obtained  which  it  can  scarcely  be  doubted  contains  the 
compound  CH2(OH)2  together  with  acetic  acid  : 

CH2(C2H302)2  +    2OH2  =   CH2(OH)2   +   2HC2H3O2. 

On  evaporating  the  solution  in  vacuo,  however,  a  white  solid 
substance  remains  which  is  a  polymeride  of  methylic  or  formic 
aldehyde,  probably  of  the  composition  CgHgOg  (see  Formic  Alde- 
hyde) ;  this  substance  is  insoluble  in  water,  but  when  it  is  heated 
with  water  at  130^ — 150°  (266° — 302°  F.)  in  closed  vessels  it 
dissolves,  probably  being  converted  into  methaldehydrol  (Butlerow, 
Ann.  Chem.  Pharm.y  cvii.  110;  cxi.  242;  cxv.  326)  : 

C^H.O,   +   3OH,  =  3CH,(0H),. 

The  solution  of  methaldehydrol  is  readily  oxidized,  formic  acid 
being  produced  on  adding  to  it  freshly  precipitated  argentic  oxide 
(argentic  hydrate)  : 

eH2(OH)2   +   2AgOH  =   H.COOH   +   2Ag   +   2OH2. 

(1496)  Glycol  or  Ethylenic  Alcohol  :  C2H4(OH)2  =  62. — 
This  compound  was  discovered  in  1856  by  Wurtz,  who  prepared 
it  from  ethylenic  iodide  ;  it  may  be  obtained  from  the  corre- 
sponding dichlor-or  dibromethane  in  the  manner  already  described, 
and  it  is  also  formed  on  heating  dibromomethane^  CH  Br^,  with 
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water  and  plumbic  oxide  to  140*^ — 150°  (284° — 302°  R)  (Jeltekow, 
Deut.  cheni.  Ges.  Ber.,  vi.  558),  but  according  to  Demole  (Ann. 
Chem.  Pharm.,  clxxiii.  117  ;  clxxvii.  45 ;  Deut.  chem.  Ges.  Ber.,  ix. 
480,,  6'^6,  917),  it  is  most  readily  prepared  by  heating  a  mixture 
of  a-dibromethane  or  ethylenic  bromide  with  potassic  acetate  and 
aqueous  alcohol. 

The  proportions  employed,  the  strength  of  the  alcohol,  and  the  length  of 
time  during  which  the  mixture  is  heated  are  all  of  consequence ;  the  most 
favourable  result  being  obtained  when  a  mixture  of  ethylenic  bromide  and  care- 
fully dried  potassic  acetate  in  the  proportions  C^H^Br^  :  KC^HgO^^  188  :  98 
with  an  amount  of  alcohol  of  91  per  cent.  (sp.  gr.  '82),  about  equal  in  weight 
to  the  ethylenic  bromide  employed,  is  heated  to  boiling  for  about  twenty  hours 
in  a  flask  attached  to  a  reversed  condenser  ;  after  filtering  off  the  potassic  bromide, 
the  glycol  is  isolated  from  the  liquid  by  fractional  distillation. 

Nearly  one-half  the  ethylenic  bromide  is  recovered,  but  it  is  not  therefore 
to  be  supposed  that  one-half  the  amount  will  suffice  ;  on  the  contrary,  when  a 
mixture  of  the  bromide  and  acetate  in  the  proportions  C^H^Br^  :  2KC„H302  = 
188  :  196,  with  alcohol  of  91  per  cent,  is  similarly  treated,  only  glycol  mon- 
acetin,  Q.^lOB).Q^f>^,  is  obtained. 

The  formation  of  glycol  from  ethylenic  bromide,  potassic  acetate,  and  aqueous 
alcohol  is  undoubtedly  the  end  result  of  a  series  of  changes,  and  it  is  difficult  to 
pronounce  with  certainty  upon  their  nature  and  the  precise  order  in  which  they 
occur.  It  may  be  supposed  that  when  the  bromide  and  acerate  are  heated 
together  in  the  proportion  of  one  molecule  of  the  former  to  two  of  the  latter  a 
certain  amount  of  the  bromide  is  converted  into  the  diacetin,  which  is  then 
decomposed  by  the  alcohol  and  converted  into  the  monacetin,  this  reaction  being 
perhaps  in  part  effected  by  the  alcohol  itself  and  in  part  by  the  water  which  it 
contains :  thus  : 


C.H^Br,    +    aKC,H.O,  = 

=       C^H^CC^H^O,),       +    jKBr; 

C,H.(C,HA),   +    C,H,OH     = 

=    C,H^(OH).C,HA    +    C,H,C330,; 

C,H,(C,H30,),   +        OH,        = 

=    C,H,(0H).C,H30,    +    HC,H,0,. 

In  this  manner,  if  the  heating  be  continued  sufficiently  long,  the  whole  of  the 
ethylenic  bromide  ultimately  becomes  converted  into  glycolic  monacetin. 

When  the  larger  proportion  of  ethylenic  bromide  is  employed,  it  is  probable 
that,  until  the  whole  of  the  potassic  acetate  is  acted  upon,  only  monacetin  is  pro- 
duced, but  that  then  the  following  reactions  occur  in  succession : 

a     C,H,Br,  +  C,H,(0H).C,H30,  =  C,H,Br(OH)    +  C,H,Br(C,H30j ; 
^     C^H^BrlC^H^O,)    +    O^H^.OH   =   C,H^Br(OH)  +  C^H^.C^H^O; 
y        C,H,Br(OH)      +       OH,       =   C,H,(OH),      +  HBr. 

A  certain  amount  of  hydrobromic  acid  is  thus  produced,  which  probably  at  once 
enters  into  reaction  with  the  monacetin  present  to  form  bromacetin  and  water : 

C,H,(0H).C,H30,    +    HBr   =    C,H,Br(C,H30,)    +   OH,; 

and  from  the  bromacetin  thus  formed,  the  bromhydrin  C2H^Br(0H)  and  glycol 
are  then  produced  in  succession  by  the  reactions  indicated  by  equations  /3  and  y, 
hydrobromic  acid  being  again  liberated.  In  this  manner,  the  conversion  of  a 
large  amount  of  glycolic  monacetin  into  glycol  may  be  gradually  effected  by  the 
aid  of  a  very  small  amount  of  hydrobromic   acid.     According  to  Demole,  25, 
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grams  of  gl^'collc  monacetin  are  almost  completely  converted  into  glycol  by  boiling 
witli  80  per  cent,  alcohol  and  2  or  3  drojps  of  the  bromhydrin  C2H^Br(0B[) 
for  twenty  hours. 

Glycol  may  also  be  prepared  by  boiling  glycolic  monacetin  with  ethylenic 
bromide  and  alcohol  of  91  percent.;  the  rapidity  with  which  the  change  is 
effected  depends,  however,  upon  the  amount  of  bromide  employed.  Thus  the 
conversion  of  200 — 225  grams  of  the  monacetin  is  completed  in  twenty-four 
hours  if  it  be  mixed  with  100  grams  of  ethylenic  bromide,  but  if  50  grams  of 
the  bromide  are  taken  the  boiling  must  be  continued  for  thirty-six  hours,  and 
if  only  25  grams  of  the  bromide  are  added  it  requires  at  least  forty -five  hours' 
boiling  to  effect  the  conversion  (Demole). 

According  to  Zeller  and  Huefner  {Journ.  pr.  Chem.  [2],  x.  270), 
ethylenic  bromide  is  readily  converted  into  glycol  by  boiling 
with  an  aqueous  solution  of  potassic  carbonate. 

Glycol  is  a  colourless,  almost  odourless  liquid,  of  the  con- 
sistence of  a  thin  syrup  ;  it  has  a  sweet  alcoholic  taste.  It  boils 
at  197°  (386°-6  ¥.),  and  at  0°  (32°  F.)  has  the  sp.  gr.  1-125  '^  i*  is 
miscible  with  water  and  alcohol  in  all  proportions.  When  a 
solution  of  glycol  is  exposed  to  air  or  oxygen  in  contact  with 
platinum  hlsick,  glycolic  acid,  CH2(0H).C00H,  is  produced;  on 
oxidation  with  nitric  acid,  glycol  furnishes  glycolic,  glyoxylic,  and 
oxalic  acids,  and  glyoxal  (p.  508).  By  heating  to  2$o°  (482°  F.) 
with  potassic  hydrate,  it  is  converted  into  potassic  oxalate  : 

CH2(OH).CH3(OH)    -f   2^K0H   =  CO(OK).CO(OK)    +  ^E^. 

When  it  is  gently  heated  with  zincic  chloride,  it  furnishes 
ethylic  or  acetic  aldehyde  (Wurtz),  and  according  to  Nevole 
[Compt.  Rend.^  Ixxxiii.  228),  a  small  amount  of  aldehyde  is  also 
produced  when  glycol  is  heated  with  water  to  220° — 230° 
(428—446°  F.)* : 

CH2(OH).CH2(OH)   -   OH3  =   CH3.COH. 

Glycol.  Ethylic  aldehyde. 

By  the  action  of  hydrochloric  acid  on  glycol,  monochlorethylic  alcohol  or 
glycolic  chlorhydrin,  C2H^C1(0H),  is  produced :  this  compound  may  also  be 
prepared  by  the  action  of  an  excess  of  sulphur  chloride,  S^Clg,  on  glycol  (Carius, 
Ann.  Chem.  Pharm.,  cxxiv.  257).     It  is  a  colourless  liquid   soluble  in  water. 


*  According  to  Carius  (^Ann.  Chem.  Pharm.,  cxxxi.  173),  aldehyde  is  ob- 
tained on  heating  ethylenic  bromide  with  water  to  150° — 160°  (302° — 320°  F.). 
When  ethylenic  chloride  is  heated  with  water  and  plumbic  oxide  to  170°  (338°  F.) 
glycol  is  formed,  and  it  is  therefore  probable  that  the  formation  of  aldehyde 
from  ethylenic  bromide  is  dependent  upon  the  presence  of  hydrobromic  acid 
(Jeltekow,  Deut.  chem.  Ges.  Per.,  vi.  558).  When  /S-dibromopropane  or 
propylenic  bromide  is  heated  with  water  and  plumbic  oxide  to  170"  (338°  F.) 
acetone  is  produced,  but  /S-dichloropropane  on  similar  treatment  furnishes  both 
propylenic  glycol  and  acetone  (Jeltekow,  comp.  p.  437). 
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which  boils  at  about  130°  (266°  F.).  The  corresponding  bromo-derivative, 
C2H^Br(0H),  boils  at  147°  {2g6°'6  F.);  it  may  be  obtained  by  the  action  of 
hydrobromic  acid  on  glycol,  by  combining  ethylenic  oxide,  C^H^O,  with  hydro- 
bromic  acid,  or  by  heating  a  mixture  of  ethylenic  bromide  and  glycol  to  120° 
(248°  F.).  When  hydriodic  acid  gas  is  passed  into  glycol,  it  is  rapidly  absorbed 
and  much  heat  is  developed,  ethylenic  iodide,  C^HJ.^,  being  produced  ;  but  when 
the  temperature  is  prevented  from  rising  by  cooling  the  vessel  which  contains  the 
glycol,  the  intermediate  compound,  C2HJ(0H),  is  formed,  which  may  also  be 
obtained  by  heating  the  corresponding  chlorinated  compound  with  potassic  iodide. 
It  is  a  colourless  liquid  which  decomposes  on  distillation,  yielding  ethylenic  iodide 
and,  probably,  glycol.  Glycol  is  readily  acted  upon  by  acetic  chloride  and  con- 
verted into  chlorethylic  acetate  or  glycol ic  chloracetin : 

In  a  similar  manner,  many  of  the  secondary  and  the  tertiary  carbinols  are  con- 
verted into  chloroparaffins  by  the  action  of  acetic  chloride  [Flawiizskj,  Ann.  Chem. 
Tharm.,  clxxix.  364). 

(1497)  Polyethlyenic  Glycols. — By  heating  glycol  with  ethylenic  oxide,  or 
with  ethylenic  bromide,  a  series  of  compounds  which  may  be  termed  polyethy- 
lenic  glycols  have  been  obtained  by  Wurtz  and  Lourenco,  which  are  formed  by 
the  condensation  of  n  molecules  of  glycol  with  elimination  of  w  —  i  molecules  of 
water.     The  following  have  been  isolated  : 

Diethylenic  glycol  .  .  C  H,,0„    =  2C,HJ0H),  -      OH^ 

Triethylenic     „  .  .  T^H^^O     -  3aH^(0H),  -  aOH^        . 

TetrethyJenic    „  .  .  C^H^^O^    --  4C,H,(0H)  -  3OH, 

Pentethylenic   „  .  .  C,,H„p,  =  5C,H^(0H),  -  4OH, 

Hexethylenic   „  .  .  C,,H,^0^  =  6C,H^(0H)^  -  5OH,. 

In  preparing  these  bodies  fi'ora  glycol  and  ethylenic  bromide,  the  mixture  of 
the  two  substances  is  heated  to  110° — 120°  (230° — 248°  F.)  in  sealed  tubes  : 
as  to  which  compounds  are  produced  depends  both  upon  the  proportions  taken, 
and  the  length  of  time  during  which  the  heating  is  continued,  but  if  a  suf- 
ficient excess  of  glycol  is  employed  still  higher  members  of  the  series  than  those 
above  mentioned  may  be  obtained.  The  products  are  separated  by  fractional 
distillation,  the  distillation  of  the  higher  terms  being  effected  under  reduced 
pressure. 

The  first  reaction  which  occurs  undoubtedly  consists  in  the  formation  of  gly- 
colic  bromhydrin ;  thus  : 

C,H,(OH),   +    CsH^Br,   =    2C,H,Br(0H). 

From  this  compound  and  glycol,  diethylenic  glycol  is  then  produced  in  the 
manner  represented  by  the  following  equation : 

CH,.OH  CH^.OH 

CHBr  -        cH/^O  +  HBr. 

I  I 

CH,.OH  CH,.OH 

The  hydrobromic  acid  thus  liberated  serves  to  convert  a  further  quantity  of  glycol 
into  the  bromhydrin,  which  then  enters  into  reaction  with  the  diethylenic  glycol, 
and  in  a  similar  manner  converts  it  into  triethylenic  glycol,  hydrobromic  acid 
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being  again  liberated  ;  by  a  similar  cycle  of  reactions  tetrethylenic  glycol  is  formed 
from  trietliylenic  glycol,  pentethylenic  glycol  from  tetrethylenic  glycol,  and 
hexethylenic  glycol  from  pentethylenic  glycol.  If  the  temperature  is  allowed  to 
rise  above  130°  (266*^  F.)  the  hydrobromic  acid  produced  not  only  acts  on  the 
glycol,  but  also  on  the  polyethylenic  glycols,  and  bromhydrins  of  the  latter  are 
formed. 

Diethylenic  Glycol:  C^HgO(OH)2,  is  a  sweet  syrupy  liquid,  soluble  in 
water, alcohol, and  ether;  it  boils  at  about  245°  (473°  F.).  On  oxidation  with 
nitric  acid,  it  furnishes  dlglycolic  acid  : 

CH,(OH).CH,.O.CH^.CH,(OH)     ;     COOH.CH^.O.CH^.COOH. 

Diethylenic  glycol.  Diglycolic  acid. 

Triethylenic  Glycol :  C^'H.^fi^{0W)2,  is  a  very  thick  liquid,  which  boils  at 
about  290°  (654°  F.).     Nitric  acid  converts  it  into  diglycolethylenic  acid  : 

CH,(0H).CH3.0.CH,.CH,.0.CH,.CH,(0H). 

Triethylenic  glycol. 

COOH.CH2.0.CH,.CH^.O.CH2.COOH. 

Diglycolethylenic  acid. 

The  higher  polyethylenic  glycols  are  still  more  viscid  substances  ;  the  three 
remaining  terms  which  have  been  isolated  boil  respectively  at  about  230° 
(446°  F.),  280""  (536°  F,),  and  325°  (617°  F.)  under  a  pressure  of  25  mm.  of 
mercury. 

(1498)  Tkichlokethaldehydrol  or  Chloral-hydrate  :  CC13.CH(OH)2.-t- 
This  compound  is  formed  by  the  combination  of  trichloraldehyde  or  chloral  with 
water  :  CCl^.COH  +  OH^  =  CCl3.CH(OH)2,  which  is  attended  with  the  develop- 
ment of  a  considerable  amount  of  heat.  It  may  also  be  produced  by  the  action 
of  chlorine  on  a  well  cooled  aqueous  solution  of  aldehyde  (Wurtz  and  Vogt, 
Compt.  i?e«t^.,  Ixxiv.  777  j  Pinner,  ^ww.  Chem.  PAarw?.,  elxxix.  24);  its  forma- 
tion in  this  manner  may  be  regarded  as  evidence  of  the  presence  of  the  compound 
CH3.CH(OH)2  in  such  a  solution,  and  is  not  to  be  accounted  for  by  the  assump- 
tion that  the  aldehyde,  CH3.COH,  is  converted  into  chloral,  which  then  combines 
with  the  water,  as  chloral  is  never  obtained  when  aldehyde  alone  is  submitted  to 
the  action  of  chlorine  (see  Aldehyde) : 

CH3.CH(0H),    +    3CI2   =    CCl3.CH(0H)^    +    3Ha 

Ethaldehydrol.  Trichlorethaldehydrol. 

It  crystallizes  in  large  monoclinic  prisms,  soluble  in  water ;  it  melts  at  46* 
(ii4°'8  F.),  and  boils  at  about  96^  (204°'8  F.)  :  but  its  vapour  consists  of  a 
mixture  of  chloral  and  water. 

On  mixing  chloral  with  glacial  acetic  acid,  heat  is  developed,  and  when  the 
liquid  is  allowed  to  evaporate  over  sulphuric  acid,  crystals  are  obtained  which 
sometimes  consist  of  ordinary  chloral-hydrate,  but  sometimes  of  a  substance  of 
the  same  composition,  melting  at  80°  (176°  F.) ;  the  relation  of  this  substance 
to  ordinary  chloral-hydrate  has  not  yet  been  ascertained  (Meyer  and  Dulk,  Arin^ 
Chem.  Pharm.,  clxxi.  74). 

Chloral-hydrate  is  converted  by  oxidation  with  concentrated  nitric  acid  inta 
trichloracetic  acid : 

CCl3.G!H(0H)^    +    (0  +  OHj   =    CCl,  COOH   +    20H^. 

On  treatment  with  aqueous  alkalies,  it  furnishes  trichloromethane  or  chloroform 
and  a  tbrmate : 

2CCl3.CH(0H),    +    KHO   =    CHCI3   4-    H.COOK    +   OH,. 

3  L  L 
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It  readily  parts  with  the  elements  of  a  molecule  of  \rater  when  agitated  wit] 
concentrated  sulphuric  acid,  and  is  converted  into  chloral.  On  passing  sulphi] 
retted  hydrogen  gas  into  a  concentrated  aqueous  solution  of  chloral-hydrate  th 
ibllowing  reaction  occurs  : 

2CCl3.CH(OH),   4-    SH^   =    [CCl3.CH.OH]2S    +    2OH2. 

The  compound  [0Cl3.CH.UH]2S  is  a  white  crystalline  solid,  insoluble  in  watei 
which  gradually  decomposes  it,  but  soluble  in  alcohol,  benzene,  &c. ;  it  melts  a 
128°  (262°-4  F,),  and  is  converted  by  acetic  chloride  into  the  compoun 
[CCI3.CH.C2H3OJ2S,  which  melts  at  78°  {i'J2°-4  F.)  (Pateruo,  Wyss,  Jour7 
Chem.  Soc,  xxvii.  459). 

By  the  action  of  acetic  chloride  on  chloral-hydrate  the  chloraceti 
CClg.CHC^CgHgOg)  is  produced ;  the  formation  of  this  body  may  be  supposed  t 
take  place  in  the  same  manner  as  that  of  the  compound  CH2C1.CH2(C2H30, 
from  glycol  (p.  512),  but  it  appears  more  probable  that  the  first  action  of  th 
chloride  consists  in  the  production  of  chloral,  which  then  unites  with  a  molecul 
of  acetic  chloride ;  thus  : 

CCl3.CH(OH)2    +    C,H30C1   =    CCI3.COH   +    C.'Rfi^   +    HCl. 

Chloral-hydrate.  Acetic  chloride.  Chloral.  Acetic  acid. 

CCI3.COH    +   C,H,0C1   =    CCl3.CHCl(C2H30^). 

It  has  been  shown  that  the  reaction  represented  by  the  second  of  these  equ£ 
tions  readily  takes  place  (Meyer  and  Dulk,  Afin.  Chem.  JPharm.,clyLx\.  67). 

Chloral -hydrate  is  chiefly  remarkable  on  account  of  its  physiological  actior 
producing  deep  sleep  when  administered  by  the  mouth,  or  when  directly  intrc 
duced  into  the  circulation  by  subcutaneous  injection.  The  hypnotic  actioi 
which  it  exercises  has  been  attributed  to  its  conversion  into  chloroform  withii 
the  system,  the  latter  being  regarded  as  the  really  active  substance,  but  ther 
appears  to  be  much  reason  to  doubt  this  explanation  (comp.  Tomaszcwicz,  Journ 
Chem.  Soc,  xxvii.  824 ;  Mering  and  Musculus,  Deut.  chem.  Ges.  Ber.,  viii.  662] 
Chloral-hydrate  is  decomposed  in  presence  of  potassic  hydrate  by  potassic  perman 
ganate,  carbonic  oxide  gas  being  evolved,  and  potassic  chloride,  formate,  and  car 
bonate  produced  :  the  reaction  occurs  even  with  very  dilute  solutions,  and  if  borax  b 
substituted  for  potassic  hydrate.  This  circumstance  has  led  Tauret  to  suggest  tha 
chloral-hydrate  undergoes  a  similar  decomposition  in  the  circulation,  and  that  it 
action  as  an  hypnotic  is  due  to  the  carbonic  oxide  produced  [Compt.  Rend.,  Ixxii 
662).  A  crystalline  monobasic  acid  of  the  composition  C^H^^Cl^O^,  called  nrochlc 
ralic  acid,  has  been  isolated  from  the  urine  of  perscns  who  were  taking  four  lo  fiv 
grams  of  chloral-hydrate  per  diem  ;  it  exerts  a  laivorotatory  action  on  po]arize( 
light,  and  reduces  an  alkaline  cupric  solution  (Mering  and  Musculus,  loc.  cit.). 

Dichloraldehyde  and  dibrom-  and  tribromaldehyde  combine  with  water  forminj 
compounds  which  both  in  composition  and  properties  exhibit  the  closest  analog; 
to  trichlorethaldehydrol.  Dichlorethaldehydrol,  CHCl2.CH(0H)„,  is  also  om 
of  the  products  of  the  action  of  chlorine  on  an  aqueous  solution  of  aldehyde;  i 
crystallizes  in  laminae.  Dihromethaldehydrol,  CHBr2.CH(OH)2,  crystallizes  ii 
fine  needles;  tribromethaldehydrol,  CBr3.CH(0H)„,  forms  broad  rhombic  platei 
which  melt  at  53°  (i2  7°-4  F.)  (Pinner,  An7i.  Chem  Pharm.,  clxxix.  67). 

(1499)  Alcohols  of  the  Composition  CyHg(0H)2  =  76. — Primary  q^ 
a- Propylenic  glycol :  CH2(OH).CH2.CH2(OH),  prepared  from  a-dibromopropan< 
(t  189),' boils  at  216°— 217°  (420°-8— 422°-6F.).  If  it  i*s  saturated  witF 
hydrochloric  acid  gas,  and  the  mixture  is  heated  to  100°  (212°  F.)  foi 
5 — 6  hours,  a  mixture  of  a-dichloropropane  and  a-chloropropylic  alcohol 
CH2CI.CH2.CH2(OH),  is  produced.    The  latter  is  an  oily  liquid,  soluble  in  water 
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of  the  specific  gravity  i*i32  at  17°  (62°-6  F.),  and  boils  at  160°  (320°  F.) 
(Eeboul,  Compt.  Rend.,  Ixxviii.  1773  ;  Ixxix.  169). 

(5-Propylenic  glycol  ov  Methylglycol :  CH3.CH(OH).CH2(OH),  prepared  from 
/S-dibromopropane  or  propylenic  bromide,  CHg.CHBr.CHgBr,  is  a  colourless 
oily  liquid,  of  sweet  taste;  it  boils  at  188°  (37o'''4  F.),  and  at  0°  (32°  F.)  has 
the  specific  gravity  i'o5i.  It  is  miscible  in  all  proportions  with  water  and 
alcohol.  When  a  solution  of  methylglycol  is  exposed  to  the  air  in  contact  with 
spongy  platinum,  lactic  acid  is  produced  (Wurtz) : 

CH3.CH(0H).CH,(0H)  +   2(0  + OH,)  =  CH3.CH(0H).C00H  +  3OH, ; 

but  even  very  dilute  nitric  acid  oxidizes  it  to  glycolic  acid  : 

CH,(0H).CH(0H).CH3  +  5(0  +  0HJ  =.  CH,(OH).COOH  +  C0„  +  7OH,. 

When   oxidized  by  a  solution  of   potassic  permanganate,   however,  it  furnishes 
acetic  acid  : 
CH,,CH(OH).CH,(OH)  +  4(0  +  OHj  =  CH3.COOH  +  CO,  +  60H,, 

and  by  heating  it  with  potassic  hydrate  to  250°  (482"  F.),  chiefly  potassic 
oxalate  is  produced. 

On  distilling  it  with  zincic  chloride,  propylic  aldehyde,  CHg.CHg.COH,  is 
obtained. 

By  the  action  of  hydrochloric  acid  gas,  methylglycol  is  converted  into  a 
chloropropylic  alcohol  boiling  at  127'' (26o°'6  F.),  of  the  specific  gravity  1*1302 
at  0°  (32°  F.)  (Oser,  Ann.  Chem.  Pharm.  Supp.,  i.  253).  According  to 
Maxkownikoff  (ibid.,  cliii.  251),  a  body  having  the  same  properties  is  obtained 
by  combining  propylene  with  hypochlorous  acid,  and  it  has  already  been  pointed 
out  (p.  462)  that  there  is  reason  to  suppose  that  the  compound  so  produced  has 
the  constitution  represented  by  the  formula  CH3.CHC1.CH2(0H).  It  is  re- 
markable, however,  that  the  isomeric  compound,  (?)  OH3.CH(OH).CH2Cl, 
obtained  by  Oppenheim  (p.  204),  is  stated  to  boil  at  the  same  temperature. 
By  combining  propylenic  oxide  with  hydrobromic  and  hydriodic  acid,  Markow- 
nikoff  obtained  corresponding  bromo^  and  iodopropylic  alcohols ;  the  former 
boils  at  145°— 148°  (293°— 298°-4F.),  and  the  latter  at  105°  (221°  F.)  under 
a  pressure  of  60  mm.  By  the  action  of  hydriodic  acid,  methylglycol  is  con- 
verted into  /3-iodopropane  or  isopropylic  iodide  (Wurtz). 

(1500)  Alcohols  of  the  Composition  C^Hg(0H)2  =  90. — Three  of  the  six 
possible  isomeric  butylenic  glycols  have  been  obtained,  but  very  imperfectly  studied. 

Methyl-a-propylenic  glycol:  CH3.CH(OH).CH,.CH2(OH),  is  produced, 
although  in  very  small  quantity  and  together  with  ethylic  alcohol,  on  treating 
an  acidulated  aqueous  solution  of  ethylic  aldehyde  with  sodium  amalgam,  hydro- 
chloric acid  being  added  from  time  to  time  so  as  always  to  maintain  the  liquid 
slightly  acid  (Kekule,  Deut.  chem.  Ges.  Ber.,Y.  56);  it  is  more  readily  obtained 
by  treating  a  solution  of  aldol  or  oxybutyric  aldehyde  in  a  similar  manner 
(Wurtz,  Compt.  Rend.,]xxvi.  1 165).  Its  formation  from  aldehyde,  or  rather 
from  aldehydrol,  which  first  undergoes  condensation  and  is  converted  into  aldol- 
hydrate  or  oxybutaldehydrol,  may  be  represented  by  the  following  equations ; 

CH3  CH3 

I     '  I     ' 

CH(OH),        ^        CH.OH      ^      ^^ 

CH3  CH, 

CH(OH),  CH(OH),. 

Aldehydrol.  Aldol-hyclrate. 

CH3.CH(0H)CIT,.CH(OH),  +  H,  =  CH3.CH(0H).CII,.CH,(0H)  +  OH. 

L  L  2 
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It  is  a  sjTupy  liquid,  of  sweet  but  slightly  pungeut  taste,  and  boils  at  about 
204°  (399°" 2  F.).  On  oxidation  with  nitric  acid,  it  furnishes  acetic  and  oxalic 
acids,  and  much  acetic  acid  is  also  produced  when  a  solution  of  chromic  acid  is 
employed  ;  in  both  cases  appreciable  quantities  of  ethylic  aldehyde  and  of  cro- 
tonic  aldehyde,  CH3.CHzzCH.COH,  are  formed. 

FAJiyhjlycol :  C2Hg.CH(0H).CH,(0H),  prepared  from  the  dibromotetrane 
obtained  by  combining  normal  butylene  with  bromine,  is  a  syrupy  liquid  of 
sweet  but  somewhat  pungent  taste;  it  boils  at  about  192°  (377°*6  F.),  and  at 
0°  (32°  F.)  has  the  specific  gravity  10 189.  On  oxidation  with  nitric  acid,  it 
appears  to  furnish  only  glycolic  acid  and  glyoxylic  acid,  CH(0H)2.C00H  (Gra-.- 
bowsky  and  SaytzefF,  Ann.  Chem.  Fharm  ,  clxxix.  332).  J 

BimethylglycGl :  (CH3)2C(OH).CH.,(OH),  is  formed  by  boiling  the  isomeric " 
dibromotetrane  produced  from  isobutylene  or  /3-dimethylethylene,  CH,  CfCH^)^. 
and  bromine,  with  an  aqueous  solution  of  potassic  carbonate.  It  boils  at  about 
177°  (350°  6  F.),  and  at  0°  (32°  F.)  has  the  specific  gravity  i'oi29.  When  it 
is  oxidized  by  a  solution  of  potassic  permanganate,  acetic  acid  is  formed,  but  its 
behaviour  with  nitric  and  chromic  acids  is  peculiar,  a  liquid  body  being  produced 
which  approximately  has  the  composition  represented  by  the  formula  CgHj^O, 
(Nevole,  Compt.  Bend.,  Ixxxiii.  65  ;  146). 

TrichlorohutaldeJiydrol :  C3H^C]„.CH(OII)2. — This  compound  is  formed  by 
the  combination  of  the  trichlorobutylic  aldehyde  produced  by  the  action  of 
chlorine  on  aldehyde  (see  Ethylic  aldehyde)  with  water.  In  all  respects  it  exhibits 
the  closest  resemblance  to  chloral-hydrate,  crystallizing  from  water  in  thin,  glis- 
tening, white  plates,  which  melt  at  78°  (i72°*4  F.).  On  oxidation  with  nitric 
acid,  it  yields  trichlorobutyric  acid,  C^H^ClgOg ;  and  on  treatment  with  alkalies, 
it  is  apparently  decomposed  in  the  following  manner  : 

C3H4Cl3.CH(OH),    +   KHO   -   C^H^Cl,    +    H.COOK   +    OH,, 

but  the  trichloropropane  thus  formed  is  further  acted  upon  by  the  alkali  and 
converted  into  a  uichloropropylene.  Cj^H^Clg  (Kramer  and  Pinner,  Ann.  Chem. 
Pharm.,  clviii.  45  ;  Pinner,  ihid.,  clxxix,  26,  38). 

(1501)  Alcohols  OF  the  Composition  Cfi^^[011)^=  104. — Only  three 
of  the  many  possible  isomeric  araylenic  glycols  have  been  obtained. 

Isoprofyl glycol :  C3Hy^.CH(OH).CH2(OH),  prepared  from  the  dibromo- 
pentane  formed  by  combining  the  amylene  from  the  iodide  of  isoprimary  fer- 
mentation amylic  alcohol  with  bromine,  is  a  thick  liquid,  pungent  and  bitter  to 
the  taste,  soluble  in  water  in  all  proportions;  it  boils  at  206°  (402°*8  F.),  and  at ' 
0^(32°  F.)  has  the  specific  gravity  '9987..  On  oxidation  with  nitric  acid,  it  ap- 
pears to  furnish  oayvalerianic  acid,  CgHj^.CH(OH).COOH  (Flavitzsky,  ihid., 
clxxix.  351).  J 

mJiylmethyl glycol :    C,H5.CH(0H).C(CH3)H.0H,    is    furnished    by    tHi§ 
dibromopentane  formed  from  the  amylene  Irom  the  iodide  of  diethylcarbinol.    It ' 
closely  resembles  the  preceding  glycol,  but  boils  at  about  188°  (37o°'4  F.),  and' 
at  0°  (32°  F.)  has  the  specific  gravity  "9945.      On  oxidation  with  nitric  acid,  it 
appears  to  furnish  a  small  quantity  of  a-oxy  butyric  acid,CH3.CHjj.CH(0H)  COOl 
together  with  formic,  acetic,  and  glycolic  acids  (Wagner  and  SaytzeiF,  ihid.,  clxxix! 

307). 

Trimethylglycol :  (CH3).^C(0H).CH(CH3)(0H),  prepared  from  the  bromide 
of  ordinary  amvlene  or  triniethylethylene,  is  a  syrupy  liquid  of  bitter  taste j 
it  boils  at  177°  (35o°-6  F),  and  at  0°  (32°  F.)  has  the  specific  gravity  '987} 
(Wuriz).  On  oxidation  with  nitric  acid,  it  furnishes  oxyisobutyric  acidfi 
(CH3XC(0H).C00H  (Wurtz,  ibid.,  cvii.  197;  Markownikotf,  ihid.,  tXm\ 
228). 

The  behaviour  on  oxidation  of  the  two  glycols  from  the  amylenes  prepared  from^ 
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fermentation  amylic  alcohol  is  of  importance,  as  it  establishes  the  constitution  of 
the  olefines  from  which  they  are  proJut^ed.  Thus,  the  simplest  and  most  pro- 
bable formula  which  can  be  attributed  to  the  amylene  from  the  iodide  of  isopri- 
mary  amylic  alcohol  (p.  194)  is  that  which  represents  it  as  isopropylethylene : 
C  Hy^.HCzzCH^,  and  this  formula  is  confirmed  by  the  production  of  an  acid  of 
the  composition  C3Hy^.CH(0H).C00H  on  oxidation  of  the  glycol  prepared  from 
the  amylene  in  question.  On  the  other  hand,  the  formula  C(CH.g)^ZZCH.Cil3 
for  the  amylene  produced  from  the  Termentation  alcohol  by  the  action  of 
zincic  chloride  is  not  only  that  which  best  accords  with  its  general  behaviour,  and 
which  enables  us  to  explain  its  formation  (p.  451),  but  it  is  the  only  one  which 
enables  us  to  account  for  the  formation  of  oxyisobutyric  acid,  {Cii^)^C(Ol{).COO}l, 
by  the  oxidation  of  the  glycol  derived  from  it. 

(1502)  Alcohols  of  the  Composition  CgHj2(OH)2=  i  18. — Dimethyl- 
alutylenic  glycol  :  CH3.CH(OH).CH2.CH2.CH(OH)  CH3,  prepared  from  the 
diiodhexane  produced  by  combining  the  hydrocarbon  diallyl  (1255)  with  hydri- 
odicacid,  is  a  syrupy  liquid,  soluble  in  water  ;  it  boils  at  212° — 215°  (4I3°*6  — 
419°  F.),  and  at  0°  (32°  F.)  has  the  specific  gravity  '9638.  By  heating  with  a 
concentrated  solution  of  hydrochloric  acid  to  100°  (212°  F.),  it  is  converted 
into  dichlorhexane,  CgH^^Cl^,  and  a  solution  of  hydriodic  acid  acts  upon  it  in  a 
similar  manner  at  ordinary  temperatures  (Wurtz,  ibid.,  cxxxi.  344)- 

Tropylmethylglycol :  C3H^-.CH(OH).CH(OH).CH3.— The  glycol  prepared 
from  the  bromide  of  the  hexylene  from  mannite  (pp.  195,  399)  probably  has 
this  constitution.  It  is  a  colourless  syrup,  miscible  with  water  in  all  propor- 
tions; it  boils  at  about  207°  (404'''6  F.),  and  at  0°  (32°  F.)  has  the  specific 
gravity  "9669.  It  is  not  converted  into  the  corresponding  dichloroparaffin  by 
the  action  of  hydrochloric  acid  at  100°  (212°  F.),  but  furnishes  a  product  boil- 
ing between  100°  and  250°  (212°  and  482°  F.)  ;  hydriodic  acid  converts  it 
into  normal  secondary  hexylic  iodide  (Wurtz,  ibid.,  cxxxiii.  217). 

Tebrametliylglycol  or  pinacone :  (CH3)2C(OH).C(CHg)2.0H,  is  produced, 
together  with  isopropylic  alcohol,  by  the  action  of  nascent  hydrogen  on  dimethyl- 
ketone  or  acetone,  CHg.CO.CHg.  It  crystallizes  from  water  in  large  plates  of 
the  composition  Ofi^^pR),_^60K^,  which  melt  at  42^"  (io7°-6  F.).  The 
anhydrous  glycol,  which  may  be  obtained  by  distilling  this  substance,  is  also 
crystalline;  it  melts  at  38°  (ioo°-4  F.),  and  boils  at  about  172°  (34i°"6  F.). 
On  oxidation  with  chromic  acid,  pinacone  is  reconverted  into  acetone  ;  its  conver- 
sion into  pinacolin  by  the  action  of  concentrated  sulphuric  acid  has  already  been 
noticed  (p.  453). 

(1503)  Higher  Homologues  of  Glycol. — An  octylenic  glycol,  probably 
of  the  composition  C^H^^«.CH(0H).CH(0H).CH3,  has  been  prepared  from 
the  dibromoctane  from  octylene  (1235)  ;  it  is  an  oily  liquid,  insoluble  in  water, 
of  the  specific  gravity  -932  at  0°  (32°  F.),  and  boils  at  235° — 240° 
(455°— 464°  F.)  (Clermont,  ibid.,  Supp.,  iii.  254;  clvi.  118). 

The  remaining  terms  of  the  series  are  all  tertiary  glycols.  A  crystalline 
dipropyldimethylglycol  is  obtained  by  the  action  of  nascent  hydrogen  on  methyl- 
propylketone ;  it  boils  at  225° — 230°  (437° — 446°  F.)  (Grimm,  ibid.,  dv\\. 
257),  The  isomeric  dimethyldiisopropylglycol  is  a.'^^axQVitly  a^Y\(\mA  (Miinch, 
ibid.,  clxxx.  340). 

A  crystalline  dimethyldibutylglycol  is  formed  on  submitting  pinacolin  or 
methyl  tertiary-butylketone  to  the  action  of  nascent  hydrogen ;  it  melts  at  69° 
(i56°'2  F.)  (Friedel  and  Silva,  Compt.  Bend.,  Ixxvi.  226). 

Lastly,  dipropylketone  is  converted  by  nascent  hydrogen  into  a  tetrapropyl- 
glycol  which  melts  at  68°  (i54°-4  F.) ;  it  is  reconverted  into  the  ketone  by 
oxidation  (Kurtz,  Ann.  Ckem.  Pliarin.,  clxi.  215).  The  isomeric  tetraiso- 
propylglycol  is  liquid  (Miinch), 
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(1504)  On  comparing  together,  with  the  aid  of  the  table  on  the 
previous  page^  the  glycols  which  are  strictly  homologous,  it  will 
be  evident  that  no  relation  is  at  present  discernible  between  their 
boiling  points,  with  the  exception  that  the  difference  between  the 
only  two  primary  glycols  in  the  table  is  the  same  as  obtains  in  the 
case  of  the  normal  primary  alcohols  of  the  ethylic  series ;  but  it 
must  be  remembered  that  our  knowledge  of  most  of  the  glycols 
is  extremely  deficient,  and  that  it  is  probable  that  further  inquiry 
will  show  that  many  of  the  statements  which  have  been  made  are 
erroneous,  a  circumstance  due  to  the  very  small  quantities  of 
material  operated  upon.  Only  the  glycols  which  are  arranged  in  the 
table  in  the  same  vertical  series  are  strictly  homologous. 

§  VII.  DiHYDRic  Alcohols  of  the  CnH2n_8(OH)2  Series. 

(1505)  These  are  derived  from  the  hydrocarbons  of  the 
CnH2n_6  scrics  by  the  displacement  of  two  atoms  of  hydrogen  by 
two  OH  groups,  and  for  the  sake  of  convenience  may  be  divided 
into  three  classes  :  the  dihydric  phenols  or  orcinols,  such  as 
the  dioxybenzene,  resorcin,  CgH^(0H)2,  in  which  we  suppose  the 
OH  groups  are  both  united  directly  with  carbon  atoms  of  the 
benzene  nucleus;  the  aromatic  glycols,  such  as  xylene-glycol, 
CgH^(CH2.0H)2,  in  which,  on  the  contrary,  both  the  OH  groups 
occur  in  the  side  chains ;  and  an  intermediate  class  of  alco- 
hols of  the  saligenin  series  or  saligenols,  which,  like  saligenin, 
CgH4(OH).CH2(OH),  contain  one  OH  group  in  the  benzene 
nucleus  and  the  other  in  the  side  chain. 

The  orcinols  bear  the  same  relation  to  the  phenols  that  the 
glycols  bear  to  the  alcohols  of  the  ethylic  series,  and  differ  in 
properties  from  the  glycols  in  the  same  manner  that  the  phenols 
differ  from  ethylic  alcohol  and  its  homologues.  From  the  con- 
stitution of  the  hydrocarbons  of  the  aromatic  series,  a  compara- 
tively large  number  of  isomeric  derivatives  of  this  class  may 
exist  theoretically,  although,  as  yet,  very  little  is  known  about 
them.  Thus,  benzene  may  furnish  three  isomeric  dihydroxyl 
derivatives  in  which  the  OH  groups  occupy  relatively  to  one 
another  the  ortho-  or  i  :  2  position,  the  meta-  or  i  :  3  position, 
and  the  para-  or  i  :  4  position  respectively ;  whilst  toluene  is 
capable  of  yielding  two  distinct  compounds  in  which  the  OH 
groups  occupy  the  ortho-position  relatively  to  one  another ;  three 
meta-derivatives  ;   and  one  para-derivative  :"^ 


No  systematic  nomenclature  has  been  proposed  for  the  ortho-,  meta-,  and 
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Although  many  processes  have  been  employed  for  the  prepara- 
tion of  the  dihydroxyl  derivatives  of  benzene^  scarcely  anything  is 
known  of  the  application  of  these  methods  to  the  preparation  of 
their  higher  homologues.  It  is  possible,  however_,  that  the  follow- 
ing may  be  found  to  be  more  or  less  general  : 

1.  Treatment  of  the  ethyl  or  methyl  ethers  of  the  formula 
CnH2n_8(NH2)(OC2H5),  dcrivcd  from  the  monamido-derivatives  of 
the  phenols,  with  nitrous  acid,  and  subsequent  conversion  of  the 
sulphate  of  the  diazo-compound  thus  produced  into  the  ethyl 
compound  C„H2n_8(OH)(OC2H5)  by  boiling  it  with  water.  This 
ethyl  derivative  may  then  be  transformed  into  the  dihydric  alco- 
hol CjjH2n_8(OH)2  or  orcinol  by  heating  it  with  hydriodic  acid,  the 
CgHg  group  being  displaced  by  hydrogen. 

2.  From  the  corresponding  hydrocarbons  by  converting  them 
into  disulphonic  acids,  and  fusing  the  potassic  salts  of  these  acids 
with  potassic  hydrate. 


C„H,„_e    +   2H,SO,  =   C„H2„_8(HS03),   + 

20H2. 

C,H,      +   2H,S0,    =      C,H,(HS03),     + 

20H2. 

Benzexie.                                            Benzenedisulphonic  acid. 

C„H2n_8(KS03)2     +     2KHO     =     C„H2n-8(OH)2 

+  2K2S03. 

C,H,(KS03)2      -I-    2KHO  =       C,H,(0H)2 

+  2K2S03. 

Potassic  benzenedisulphonate.  Dihydroxyl-benzene. 

3.  From  the  phenolmonosulphonic  acids  of  the  formula! 
CuH2n_g(OH)(HS03),  or  from  the  haloid  monosulphonic  acids 
CnH2n_8X(HS03),  obtained  from  the  monohaloid  derivatives  of  thej 
hydrocarbons  of  the  benzene  series  by  similar  treatment. 

4.  Also  from  the  monohaloid  derivatives  of  the  phenols  by] 
fusion  with  potassic  or  sodic  hydrate  (comp.  Resorcin). 

The  aromatic  glycols  closely   resemble   the    alcohols   of  the 
benzylic  series  in  their  general  behaviour.  They  are  prepared  from 


para-dihydroxyl  derivatives  of  benzene  and  its  homologues,  of  which  pyrocatechin, 
resorcin,  and  hydroquinone  may  be  takep  as  the  types.  Considering  their  analogy 
to  phenal,  these  three  parallel  series  might  be  appropriately  designated  ca^ecAo^*, 
resorcinols,  and  quinols. — Eds. 
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the  dihaloid  derivatives  of  the  hydrocarbons  of  the  benzene  series 
containing  the  halogen  in  the  side  chains^  in  the  same  manner 
that  the  alcohols  of  the  benzylic  series  are  prepared  from  the 
corresponding  monohaloid  derivatives ;  thus  : 

C,HJCH,Cl)j  +  2KCJH3O,  =  C,H,(CH,.C,H30„),  +  2KCI; 

Xylylic  chloride.  Xylylic  acetate. 

C,H,(CH,.C,H30,),  +  2KHO  =  C„H,(CH,.OH),  +  aKC.H^O,. 

Xylylic  acetate.  Xylene-glycol. 

All  the  aromatic  glycols  at  present  known  contain  the  OH  groups 
in  different  side  chains. 

No  general  methods  for  the  preparation  of  the  saligenols  have 
been  devised. 

(1506)  DiHYDRoxYL  DERIVATIVES  OF  Benzene. — The  three 
possible  dihydroxyl  derivatives  of  benzene  are  all  known — namely, 
pyrocatechin,  resorcin,  and  hydroquinone,  which  are  the  ortho-, 
meta-_,  and  para-compounds  respectively.  Of  these,  resorcin  re- 
sembles phenol  far  more  closely  in  its  chemical  properties  than 
either  of  the  other  two. 

(1507)  REsc)Rcn>!  or  Resorcinol ;  Metadioxybenzene:  CgH^(0H)3. 
— Resorcin,  although  a  meta-com  pound,  is  often  obtained  from 
both  meta-  and  para-di-derivatives  of  benzene  by  fusion  with  potassic 
hydrate.  For  instance,  on  treating  me/«bromophenol  from  meta- 
nitraniline  in  this  manner,  it  is  converted  into  resorcin  (Wurster 
and  Nolting,  Deut.  chem.  Ges.  Ber.,  vii.  904) ;  and  according  to 
Fittig  and  Mager  (ibid.,  vii.  11 77),  par ahromoiphenol  under 
similar  circumstances  yields  resorcin  without  a  trace  of  hydro- 
quinone.  It  has  also  been  prepared  by  a  similar  process  from 
parachloro-,  parabromo-,  and  pariodobenzenesulphonic  acids,  and 
from  both  benzenemeta-  and  benzeneparadisulphonic  acids  (Barth 
andSenhofer,  ibid.,  viii.  1483) ;  in  fact,  probably  the  best  method  of 
preparing  resorcin  is  to  convert  the  mixture  of  the  two  last  men- 
tioned acids,  which  is  formed  on  heating  benzene  with  fuming 
sulphuric  acid,  into  potassic  salts,  and  to  fase  the  mixture  of 
potassic  salts  with  potassic  hydrate.  Pariodphenol,  when  fused 
with  potassic  hydrate  at  a  high  temperature,  yields  nothing  but 
resorcin  (Nolting  and  Wrzcsinski,  ibid.,  viii.  820),  although, 
according  to  Korner  (Ann.  Chem.  Pharm.,  cxxxvii.  216),  at 
^^5°  (329°  F.)  it  yields  nothing  but  hydroquinone.  Resorcin 
may  also  be  obtained  from  parachlorophenol  (b.p.  218°  C.) 
(Faust,  Deut.  chem.  Ges.  Ber.,  vi.  1022).  It  would  appear,  in 
fact,  that  isomeric  change  almost  invariably  takes  place  when 
the  para-derivatives  of  benzene  are  fused  with  potassic  hydrate, 
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resorcin  beincj  formed  in  place  of  hydroquinone ;  no  similar 
change  has  yet  been  observed  in  the  case  of  the  ortho-deriva- 
tives, however.  According  to  Woelz  {Ann.  Chem.  Pharm., 
clxviii.  91),  fused  potassic  hydrate  is  without  action  on  hydro- 
quinone ;  therefore,  the  supposition  that  hydroquinone  is  first 
produced,  and  subsequently  undergoes  isomeric  change  owing  to 
an  action  of  the  potassic  hydrate,  is  not  admissible  :  apparently, 
the  change  takes  place  at  the  very  moment  at  which  the  hydro- 
quinone is  formed.  Resorcin  is  also  formed  when  galbanum, 
assafoetida,  ammoniacum,  sagapenum,  or  acaroid  resins  are  fused 
with  potassic  hydrate ;  it  was,  in  fact,  whilst  studying  the  action 
of  the  alkalies  on  galbanum  that  Hlasiwetz  and  Earth  discovered 
this  interesting  compound  (Ann.  Chem.  Pharm.,  cxxx.  354)  ;  um- 
belliferone,  CgHgOg,  and  brazilin,  CggH-^gO^,  also  yield  resorcin 
when  similarly  treated. 

In  all  these  cases  the  substance  to  be  operated  on  is  heated  with  two  or 
three  times  its  weight  of  potassic  or  sodic  hydrate  until  the  mass  is  in  a  state 
of  tranquil  fusion.  It  is  then  poured  out  on  a  stone  or  metal  surface,  the  cake 
dissolved  in  a  small  quantity  of  water,  and  the  solution  strongly  acidulated  with 
dilute  sulphuric  acid.  After  allowing  the  mixture  to  stand  for  twenty-lour 
hours,  the  liquid  is  separated  from  the  crystals  of  sodic  or  potassic  sulphate,  filtered, 
and  agitated  with  ether  to  which  from  5  to  10  per  cent,  of  alcohol  has  been  added; 
this  takes  up  the  resorcin,  which  is  obtained  in  the  crystalline  state  on  separating 
the  ethereal  layer  and  distilling  off  the  ether.  It  may  be  purified  by  distillation 
and  crystallization  irora  benzene.  Kopp  considers  one  of  the  best  processes  for 
preparing  resorcin  to  be  the  dry  distillation  of  the  impure  brazilin  cake  formed 
on  adding  calcic  carbonate  to  the  wash  waters  obtained  in  the  manufacture  of 
brazilin  from  Brazil  wood  extract,  and  evaporating  to  dryness  {Deut,  chem.  Ges. 
JBer.,  vi.  446). 

Resorcin  crystallizes  in  colourless  triclinic  or  orthorhombic 
prisms,  which  are  easily  soluble  in  water,  and  excessively  so  in 
alcohol  or  ether.  It  melts  at  110°  (230  F.),  and  boils  at  about 
270  (518°  F.).  No  metallic  derivatives  of  resorcin  are  known. 
Oxidizing  agents  act  violently  on  resorcin,  forming  oxalic  acid ; 
nitric  acid,  however,  gives  rise  at  the  same  time  to  a  small 
quantity  of  trinitroresorcin  or  styphnic  acid.  Its  aqueous  solution 
is  coloured  dark  violet  by  ferric  chloride ;  the  addition  of  ammonia 
decolorizes  the  liquid. 

(1508)  Haloid  Derivatives  of  JResorcin.  —  When  chlorine  is  passed 
into  an  aqueous  solution  of  resorcin,  brown  amorphous  products  are  pro- 
duced, but  if  a  concentrated  solution  of  resorcin  be  added  to  '  chlorine  hydrate' 
(335)'  taking  care  to  keep  the  latter  in  excess,  a  crystalline  ' pentachloro- 
resorcin,'  CgHClgO.^,  is  obtained.  It  may  be  more  conveniently  prepared  by 
adding  alternately  in  small  portions  5  parts  of  potassic  chlorate  and  a  solution 
of  2  parts  of  resorcin  in  8  of  hydrochloric  acid  to  40  parts  of  hydrochloric  acid, 
always  keeping  the  chlorate  in  excess  and  cooling  the  mixture.  It  may  be 
purified  by  crystallization  from  carbonic  bisulphide,  and  fprms  colourless  plates  or 
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prisms,  whieli  melt  at  92°'5  (i98°'5  F.),  easily  soluble  in  alcohol  or  ether;  when 
treated  with  hydriodic  acid  it  yields  a  crystalline  tricJilororesorcin  (Stenhouse, 
Ann.  Chem.  Pharm.,  clxiii.  182). 

The  action  of  excess  of  bromine  on  resorcin  gives  rise  to  the  so-called  penta- 
hromoresorcin,  CgHBrg02,  a  compound  almost  insoluble  in  water,  but  easily 
soluble  in  alcohol  or  ether ;  it  melts  at  1 13°'5  (236°  3  F.),  and  like  the  chlorinated 
compound  is  converted  into  trihromoresorcin  by  the  action  of  hydriodic  acid  (Sten- 
house,/oc.  <?«^.).  Liebermann  and  Dittler  (^5^■c?.,  clxix.  252)  have  found  that 
*  pentabromoresorcin,'  when  carefully  heated  to  about  150°  (302°  F.),  loses  a 
molecule  of  bromine,  and  becomes  converted  into  tribromoresorquinone, 
CgHBr^Og,  a  yellow  crystalline  substance.  lodoresorcin,  C^^J.0^,  is  a  colourless 
crystalline  substance  formed  by  the  action  of  iodine,  in  presence  of  lead  oxide,  on 
resorcin  in  ethereal  solution.  According  to  Hlasiwetz,  aqueous  solutions  0 
resorcin,  in  common  with  those  of  orcin  and  phloroglucin,  are  capable  of  dis- 
solving a  considerable  quantity  of  iodine  without  acquiring  a  distinct  yellow  colour. 
The  iodine  cannot  be  detected  in  these  solutions  by  the  ordinary  reagents,  neither 
is  it  volatilized  by  boiling  them ;  on  evaporating  the  liquid  in  vacuo,  however,  the 
resorcin  crystallizes  out  unchanged,  whilst  the  iodine  sublimes. 

(1509)  Nitroso'  and  Nitro- derivatives  of  Resorcin. — Eesorcin  is  readily 
converted  into  dinitrosoresorcin,  Gfi^[^0)JfiK)^,  by  the  action  of  nitrous  acid  on 
its  aqueous  solution  ;  the  mono- potassium  derivative  of  this  compound  separating 
shortly  after  the  addition  of  a  solution  of  potassic  nitrite  to  a  solution  of  resorcin 
acidified  with  acetic  acid.  Dinitrosoresorcin  crystallizes  in  glistening  yellowish- 
brown  plates,  containing  two  molecules  of  water  of  crystallization  ;  it  furnishes 
two  series  of  metallic  derivatives,  the  mono-derivatives  being  difficultly  soluble, 
but  the  di-derivatives  easily  soluble  in  water ;  nitric  acid,  even  if  very  dilute, 
converts  it  into  trinitroresorcin,  and  it  is  entirely  decomposed  on  oxidation  by 
potassic  permanganate  or  ferricyanide ;  it  is  readily  reduced,  however,  to  diamido- 
resorcin  (Fitz,  Deut.  chem.  Ges.  Ber.,  viii.  631). 

Monitroresorcin :  Cfl.J^O^{0^)^,  is  formed  along  with  diazoresorcin*  by 
the  action  of  nitrous  acid  on  resorcin  in  ethereal  solution,  and  is  extracted  from 
the  mother  liquors.  It  crystallizes  in  long  yellow  needles,  which  melt  at 
115°  (239°  F.).  It  forms  two  series  of  metallic  derivatives,  in  which  one  or 
both  of  the  hydrogen  atoms  in  the  hydroxyl  groups  are  displaced  ;  they  crystallize 
well,  and  are  of  a  yellow  or  orange-red  colour.  On  reduction  it  yields  amido- 
resorcin ;  and  by  the  action  of  bromine,  it  is  converted  into  dibromonitroresorcin, 
which*crystallizes  in  yellow  plates  melting  at  147°  (296°'6  F.)  (Weselsky, 
Ann.  Chem.  Pharm.,  clxiv.  i). 

Trinitroresorcin,  styphnic  or  oxypicric  acid :  CgH(N02)3(OH)2,  may  be  pre- 
pared directly  from  resorcin  by  adding  a  concentrated  solution  to  well  cooled 
fuming  nitric  acid,  and  subsequently  dropping  the  mixture  into  sulphuric  acid 
cooled  to  —  15°  (5°  F.).  On  pouring  the  product  into  water,  the  nitro-derivative 
separates  as  a  crystalline  powder,  which  may  be  purified  by  crystallization  from 
hot  water  (Stenhouse,  Proc.  P,oy.  Soc,  xix.  410).  It  is  also  formed  by  the 
action  of  nitric  acid  on  brazilin,  or  on  the  extracts  of  Brazil  wood  or  Sapan  wood. 


*  The  chief  product  of  the  action  of  nitrous  acid  on  an  ethereal  solution  of 
resorcin  is  the  so-called  diazoresorcin,  Q^fi^^p^=2,0fi^0^  +  2HNO2-4H2O. 
It  is  remarkable  that  phenol  and  resorcin  both  yield  nitroso-derivatives  when  sub- 
mitted to  the  action  of  nitrous  acid  in  aqueous  solution,  biit  diazo-derivatives 
when  the  action  takes  place  in  an  ethereal  solution ;  this  subject  will  be  further 
discussed  under  diazo-compounds.  Orcin  yields  a  body  of  the  composition 
Cj^H^^NO^  =  2CyHg02  •¥  HNOjj  —  30Hjj,  when  its  ethereal  solutioa  is  treated  with 
nitrous  acid. 
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and  from  euxanthone,  euxanthic  a«id,  or  peucedanin.  Assafoetida,  ammoniacum, 
galbaiiura,  or  sagapenum,  and  in  all  probability  all  resins  which  yield  resovcin 
when  fust'd  with  potassic  hydrate,  give  trinitroresorcin  when  treated  with  nitric 
acid.  Trinitroresorcin  crystallizes  in  pale  yellow  laminae,  or  hexagonal  prisms, 
which  melt  at  I75°"5  (347°'9  ^•)'>  ^^^®  trinitrophenol,  it  readily  furnishes 
metallic  derivatives.  On  reduction  it  is  converted  into  triamidoresorciu, 
CgH(NH2)3(OH)2,  the  hydrochloride  of  which  furnishes    diimidoamidoresorcin 


NH) 
(  NH,a 


hydrochloride,  CgH(0H2),<  NH  j  ,  on  treatment  with  ferric  chloride  (Schreder, 

'  {  NH,C 
Ann.  Chem.  Pharm.,  clviii.  244). 

(T510)  Pyrocatechin  or  Catechol;  Orthodioocybenzene : 
CgH^(0H)3. — This  compound  derives  its  name  from  the  fact 
that  it  was  originally  obtained  by  the  dry  distillation  of  catechu  : 
kino,  moritaunic  acid,  and  all  the  various  species  of  tannin  which 
give  a  green  coloration  with  ferric  selts,  also  yield  pyrocatechin 
when  submitted  to  similar  treatment.  Protocatechuic  acid, 
CgH3(0 11)2.000 H — which  bears  the  same  relation  to  pyro- 
catechin that  salicylic  acid  does  to  phenol — when  heated,  splits 
up  into  pyrocatechin  and  carbonic  anhydride;  and  generally 
those  compounds  which  yield  protocatechuic  acid  when  fused 
with  potassic  hydrate  give  pyrocatechin  when  submitted  to 
destructive  distillation.  Pyrocatechin  has  also  been  obtained  in 
small  quantity  by  fusing  ortbochlorophenol,  orthiodophenol,  and 
phenolorthosulphonic  acid  with  potassic  hydrate.  It  is  most 
readily  prepared  by  passing  gaseous  hydriodic  acid  into  guaiacol^ 
CgH4(OH)(OCH3),  which  is  heated  in  a  retort  to  195° — 200° 
(383"^ — 392°  F.),  as  long  as  methylic  iodide  is  produced  ;  the 
pyrocatechin  is  separated  from  the  residue  by  fractional  distillation, 
and  purified  by  crystallization  from  benzene  (Baeyer,  Deut.  chem. 
Ges.  Ber.,  viii.  153). 

Pyrocatechin  forms  colourless,  shining  laminae,  belonging  to 
the  trimetric  system.  It  melts  at  102°  {21^°' 6  F.)  (Fittig  and 
Remsen;  Tiemann,  ibid.,  viii.  510),  but  begins  to  volatilize  at 
a  much  lower  temperature ;  its  boiling  point  is  variously  stated, 
but  appears  to  be  about  245°  (473°  F.).  It  is  very  readily 
soluble  in  water  and  in  alcohol,  but  less  so  in  benzene,  the  latter 
solvent  affording  an  excellent  means  of  purifying  it.  It  is 
violently  acted  on  by  nitric  acid,  being  oxidized  to  oxalic  acid. 
Its  solutions  are  coloured  dark  green  by  ferric  chloride,  the 
colour  being  changed  by  alkalies  to  a  deep  red.  On  adding 
plumbic  acetate  to  a  solution  of  pyrocatechin,  a  white  precipitate 
of  the  compound  CgH^OgPb  is  produced  ;  by  this  reaction,  and  by 
the  coloration  with  ferric  chloride,  pyrocatechin  is  readily  dis- 
tinguished from  resorcin  and  bydroquinone. 
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At  present  no  chloro-  or  nitro-derivatives  of  pyrocatechin  are  known,  but  a 
crystalline  tetrabromo-derivativ-e,  CgBr^(OH).^,  has  been  obtained  by  the  action  of 
bromine  on  pyrocatechin  and  by  heating  protocatechuic  acid  with  bromine  to 
100°  (212°  F.).  Dry  bromine  is  without  action  on  tetrabromopyrocatechin, 
but  on  gently  warming  it  with  bromine  and  water  a  compound  of  the  composition 
C^gH^Br^^jO  is  produced,  which  crystallizes  in  dark  crimson  coloured  plates 
(Stenhouse,  Journ.     hem.  Soc,  xxviii.  6). 

(1511)  Hydroquinone  or  Quinol ;  Paradioscyhenzene  : 
CgH^(0H)2. — This  compound  is  usually  prepared  by  the  action 
of  nascent  hydrogen  on  quinone,  CgH^Og— by  treating  the 
latter  with  an  aqueous  solution  of  sulphurous  or  hydriodic  acid, 
or  with  tin  and  hydrochloric  acid.  It  is  the  chief  product  of 
the  destructive  distillation  of  quinic  acid,  and  of  the  dioxybenzoic 
acid  termed  gentisic  acid,  oxysalicylic  acid,  or  hydroquinone- 
carboxylic  acid  (Hlasiwetz  and  Habermann,  Ann.  Chem.  Fharm., 
clxxx.  343;  Demole,  Deut.  chem.  Ges.  Ber.,  vii.  144 1  ;  Rakowsky 
and  Leppert,  ibid.y  viii.  788). 

It  may  be  produced  from  paranitrophenol  (m.p.  114°  C.)  by 
Griess^s  method  (Salkowski,  ibid.,  vii.  1008),  and  from  pariodo- 
phenol  by  fusion  with  potassic  hydrate  (Korner)  ;  it  may  also  be 
prepared  from  phenol  in  the  following  manner : 

Phenol  is  first  converted  into  diazophenol  by  passing  nitrous  vapours  into  a 
well  cooled  ethereal  solution  ;  after  some  time  the  liquid  becomes  filled  with 
needles  of  diazophenol  nitrate,  CgH^(0H).N2(N0jj),  which  are  dissolved  in  a 
suitable  quantity  of  dilute  sulphuric  acid  (i  vol.  H2SO4  to  2  vols,  water),  the 
solution  mixed  with  alcohol,  and  sufficient  ether  then  added  to  cause  turbidity. 
The  diazophenol  sulphate,  which  after  some  time  crystallizes  from  the  well 
cooled  solution,  is  dissolved  in  water,  the  solution  mixed  witii  10  to  15  percent,  of 
concentrated  sulphuric  acid,  and  then  heated  until  the  liquid  assumes  a  dark  red 
colour;  the  hydroquinone  thus  produced  is  extracted  by  agitating  the  cold 
solution  with  ether  (Weselsky,  iMd.,  viii.  98  ;  ix.  1059). 

Hydroquinone  forms  transparent  colourless  rhombic  plates 
or  prisms,  which  melt  at  169°  (336°- 2  F.)  (Hlasiwetz,  loc.  cit.), 
and  sublimes  readily  in  glistening  plates.  It  is  easily  soluble  in 
hot  water  and  also  in  alcohol  or  ether.  It  dissolves  in  an  aqueous 
solution  of  the  alkaline  sulphites,  and  is  readily  converted  by  the 
action  of  ferric  chloride  and  of  oxidizing  agents  generally,  first 
into  the  so-called  quinhydrone,  and  subsequently  into  quinone, 
CgH^Oo.  Hydroquinone  and  resorcin  both  yield  sulpho-acids 
which  require  investigation. 

(15 1 2)  Haloid  Derivatives  of  Hydroquinone. — These  cannot  be  obtained 
dire 'tly  from  hydroquinone,  as  the  first  action  of  the  halogen  is  to  remove 
hydrogen  and  convert  it  into  quinone:  CgH^(0H)2  +  CI,  =  CgH^^  +  2HCI, 
which  by  the  further  action  of  the  halogen  yields  haloid  derivatives  of  quinone. 
Ill  all  cases  the  haloid  derivatives  of  hydroquinones  are  obtained  by  the  action  of 
reducing  agents  on  ihe  corresponding  haloid  quinone  derivatives;  they  are  all 
colourless.      MonocJilorhydroquinone,  Q^\\fi\{OY{)^,  is  readily  soluble  'n  water 
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and  very  soluble  in  alcohol  or  ether.  Bichlorhydroquinone,  CgHgCl^COH)^, 
forms  nacreous  crystals  which  melt  at  164°  (32  7°*2  F.),  but  begin  to  sublime  at 
120°  (248°  F.);  it  is  only  sparingly  soluble  in  cold  water,  but  readily  soluble  in 
alcohol  or  ether.  Trichlorhydroquinone,  CgHCl3(OH)2,  crystallizes  in  plates, 
which  melt  at  134°  (273°'2  F.)  and  sublime  readily  ;  it  is  only  moderately  soluble 
in  boiling  water.  Tetrachlorhydroquinone  or  cJdorhydranil,  CgCl^(0H)2,  is 
insoluble  in  water.  These  four  chlorinated  derivatives  oiler  a  very  good  example 
of  the  graduated  change  in  physical  properties  produced  by  the  successive  dis- 
placement of  the  hydrogen  atoms  in  a  compound  by  halogens.  As  the  amount  of 
chlorine  increases  the  solubility  and  volatility  of  the  compound  decreases,  until  in 
the  case  of  tetrachlorhydroquinone,  where  all  the  hydrogen  atoms  directly  united 
with  carbon  are  displaced,  the  substance  becomes  insoluble  in  water,  and  cannot 
be  volatilized  without  decomposition  under  the  ordinary  pressure.  Tribrom- 
hydroquinone,  CgHgBr3(OH)2,  and  tetrahromhydroquinone  or  hromJiydranil, 
C  Br  (0H)„,  are  colourless  crystalline  substances  closely  resembling  the  corre- 
sponding chlorinated  derivatives  in  appearance  and  properties.  No  iodine  deri- 
vatives are  known.  Strecker  obtained  a  dinitrohydroquinone  together  with  glucose, 
by  heating  dinitroarbutin  with  very  dilute  sulphuric  acid : 

C„H„(NO,),(OH),  +  OH,  =  C,H,{NO,),(OH),  +  C,H,A. 
It  crystallizes  in  golden  yellow  glistening  plates. 

(1513)  Constitution  of  the  Dihydroxyl  Derivatives  of  Benzene. — 
Not  only  has  the  constitution  of  these  compounds  been  the  sub- 
ject of  much  discussion^  but  the  views  now  entertained  with 
regard  to  them  are  very  different  from  those  formerly  held  by 
chemists.  Thus,  resorcin^  which  we  now  regard  as  metadioxy- 
benzene,  was  long  supposed  to  be  a  para-di-derivative  of  benzene, 
owing  to  the  fact  that  a  number  of  compounds  from  which  it 
was  obtained  on  fusion  with  potassic  hydrate,  when  distilled  with 
potassic  cyanide,  were  converted  into  a  dicyanobenzene  capable 
of  yielding  an  undoubted  para-di-derivative — namely,  terephthalic 
acid  :  the  occurrence  of  isomeric  change,  especially  in  the  case  of 
compounds  which  theoretically  should  furnish  hydroquinone,  being 
unsuspected.  At  that  time  hydroquinone  was  placed  in  the  ortho- 
and  not,  as  at  present,  in  the  para-series  of  di-derivatives,  on  ac- 
count of  its  relation  to  quinone,  which  Graebe  regarded  as  formed 
from  benzene  by  the  displacement  of  two  contiguous  hydrogen 
atoms  by  the  dyad  group  (0  —  0)'',  although,  as  will  be  shown 
later  on,  the  reasons  for  this  conclusion  were  of  the  most 
artificial  character. 

As  the  considerations  upon  which  our  views  of  the  constitu- 
tion of  the  di-derivatives  of  benzene,  and  of  the  phenol  deriva- 
tives, are  based  have  already  been  discussed  at  length,  it  will 
only  be  necessary  to  point  out  that  the  constitution  of  hydro- 
quinone is  established  by  its  formation  from  paranitrophenol  and 
from  pariodophenol,  and  especially  by  its  relation  to  quinone 
(q.v.) ;  the  constitution  of  pyrocatechin  being  determined  by 
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formation  from  orttochlorophenol  (from  orthonitroplienol)  and 
orthiodophenol  on  fusion  with  potassic  hydrate.  Hydroquinone 
being  para-,  and  pyrocatechin  orthodioxybenzene,  it  follows  that 
resorcin  is  metadioxybenzene ;  but  the  superior  stability  of 
resorcin,  as  compared  with  its  isomerides,  alone  almost  justifies 
our  placing  it  in  the  meta-series,  the  meta-di-derivatives  of  ben- 
zene, to  judge  from  all  recent  investigations,  being  as  a  class  of 
much  greater  stability  than  the  ortho-  or  para-derivatives. 

{15 1 4)     DiHYDROXYL    DERIVATIVES  OF  ToLUENE  :    C7Hg(OH)2  = 

124. — Our  knowledge  of  these  compounds  is  extremely  limited, 
only  two  having  been  investigated — namely,  saligenin, 
CgH,(0H).CH2(0H),  and  orcin,  CH3.CgH3(OH)2 ;  a  number  of  iso- 
merides  of  orcin  have  been  obtained,  but  only  imperfectly  described. 

(1515)  Saligenin  or  Saligenol :  CgH4(OH).CH2(OH) ;  Or- 
thomethoxyphenol :  (OH  :  CH2.0H  =  i  :  2). — This  compound  par- 
takes both  of  the  character  of  a  phenol  and  of  a  primary  alcohol, 
and  is  formed  by  the  action  of  nascent  hydrogen  on  salicylic  or  orth- 
oxybenzoic  aldehyde,  CgH^(OH).COH,  on  treating  the  latter  with 
sodium  amalgam  in  presence  of  water.  It  is,  however,  most  con- 
veniently prepared  from  salicin,Cj3HjgO^,  the  glucoside  of  saligenin, 
by  decomposing  it  with  emulsin  or  synaptase,  or  by  boiling  it  with 
dilute  acid,  as  recommended  by  Piria,  the  reaction  which  takes 
place  being  represented  by  the  equation  : 

C,3Hi,0,  +  OH,  =  C,H,0,   +   C,Hj,0,. 

Salicin.  Saligenin.  Glucose. 

The  saligenin  is  extracted  from  the  aqueous  solution  by  agitating 
it  with  ether,  and  separates  on  evaporating  the  ethereal  solution.  It 
crystallizes  in  colourless  rhombic  plates  which  melt  at  82°  (179°  F.), 
and  sublimes  at  joo°  (212°  F.).  It  is  excessively  soluble  in 
boiling  water,  and  in  alcohol  or  ether;  it  also  dissolves  easily  in 
hot  benzene.  One  of  its  most  characteristic  reactions  is  the 
bright  indigo-blue  coloration  which  its  aqueous  solution  gives 
with  ferric  salts.  It  is  easily  reconverted  into  salicylic  aldehyde 
by  the  action  of  most  oxidizing  agents,  such  as  chromic  acid, 
q-rgentic  oxide,  &c.,  although  when  oxidized  by  a  mixture  of  man- 
ganic peroxide  and  sulphuric  acid,  it  gives  nothing  but  formic  acid 
and  carbonic  anhydride  without  a  trace  of  the  aldehyde. 

A  monochlorosaligenin,  C^H5C1(0H)2,  and  a  dichlorosaligenin, 
C^H^Cl2(OH)2,  have  been  obtained  from  the  corresponding  chloro- 
salicins  by  the  action  of  emulsin.  They  are  both  colourless  crvs- 
talline  substances. 

(1516)  Orcin  or  Orcinol ;  (?)  Methylresorcinol :  CH3.CgH4(OH)2. 
— Orcin  was  discovered  in  the  Variolaria  dealbata  by  Robiquet  in 
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1829,  wbo  obtained  it  by  treating  the  lichen  with  alcohol,  evaporat- 
ing,  and  exhausting  the  residue  with  water ;  the  aqueous  solution, 
when  concentrated  and  allowed  to  stand,  deposited  the  orcin  in  a 
crystalline  state.  Although  small  quantities  of  this  compound  ap- 
pear to  exist  in  various  lichens,  it  is  invariably  obtained  by  decom- 
posing erythrin  or  lecanorin  by  boiling  it  with  calcic  hydrate 
and  water.  When  erythrin  is  thus  treated,  the  first  action  which 
takes  place  is  undoubtedly  that  represented  by  the  equation  : 

Erythrin.  Picroerythrin.  Orsellinic  acid. 

the  erythrin  being  decomposed  and  converted  into  picroerythrin 
and  orsellinic  acid.  The  orsellinic  acid,  CH3.CgH2(OH)2.COOH, 
which  bears  the  same  relation  to  orcin  that  salicylic  acid, 
CgH^(OH).COOH,  does  to  phenol,  then  loses  the  elements  of 
carbonic  anhydride  by  the  further  action  of  the  lime,  and  yields 
orcin,  thus : 

C,H,(CH,)(OH),.COOH  =   C,H3(CH3)(OH),   +  CO,. 

Orsellinic  acid.  Orcin. 

Picroerythrin,  a  body  which  may  be  regarded  as  an  acid  ethereal 
salt  of  the  tetrahydric  alcohol  erythrite,  and  as  having  the  com- 
position CgH2(CH3)(OH)2.COO(C4H903),  is  also  readily  decora- 
posed  by  the  hydrates  of  the  alkalies  and  alkaline  earths  into 
erythrite  and  orsellinic  acid ;  but  the  latter  at  the  instant  of  its 
liberation  is  resolved  into  orcin  and  carbonic  anhydride  : 

Picroerythrin.  Orcin.  Erythrite. 

Lecanorin,  C^gH^^O^,  which  is  apparently  the  anhydride  of 
orsellinic  acid,  is  also  resolved  into  orcin  and  carbonic  anhydride 
under  the  influence  of  alkalies  ;  orsellinic  acid,  or  rather  a  metallic 
orsellinate,  being  formed  as  an  intermediate  stage  of  the  reaction  : 

cSo:  }  O  +  OH,  =  .C,H,0, 

Lecanorin,  Orsellinic  acid. 

Orcin  has  also  been  found  by  Hlasiwetz  (Ann.  Chem.  Pharm., 
cxxxiv.  287),  together  with  paroxy benzoic  acid,  amongst  the  pro- 
ducts of  the  action  of  fused  potassic  hydrate  on  aloes. 

In  order  to  prepare  orcin,  the  freshly  precipitated  moist  lecanorin  or  erythrin 
is  boiled  with  water  and  excess  of  lime  for  about  half  an  hour,  taking  care  to 
avoid  access  of  air  as  far  as  possible,  which  otherwise  would  cause  the  formation 
of  a  red  coloured  resinous  matter.  The  solution  is  filtered,  the  excess  of  lime 
removed  by  a  stream  of  carbonic  anhydride  (or  more  conveniently  on  a  large 
scale   by   exactly  neutralizing   with  dilute   sulphuric  acid),  again  filten-d,  and 
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evaporated  to  dryness  on  a  water  bath.  The  oroin  may  readily  be  extracted 
from  this  product  by  exhausting  it  with  a  mixture  of  coal-tar  hydrocarbons, 
boiling  at  about  110°  (230''  F.),  which  dissolves  the  orcin,  but  leaves  the 
various  dark-coloured  impurities,  and  also  the  erythrite  (the  latter,  however,  is 
only  present  when  erythrin  has  been  used  as  the  source  of  the  orcin) ;  if  the 
hot  solution  is  agitated  with  water,  the  orcin  is  removed,  and  .the  hydrocarbon 
can  be  at  once  poured  back  on  to  the  residue.  The  aqueous  solutions  when 
sufficiently  concentrated  yield  nearly  pure  orcin  in  a  crystalline  state.  The 
brown  coloured  residue,  after  being  exhausted  by  the  hydrocarbon,  readily  yields 
erythrite  by  crystallization  from  boiling  water.  It  is  easier,  however,  when  very 
large  quantities  of  substance  are  operated  upon,  to  dissolve  out  the  orcin  by 
treating  the  solid  product  with  alcohol,  and  subsequently  to  purify  it  by  repeated 
crystallizations  from  hot  water. 

As  thus  obtained  it  forms  hexagonal  monoclinic  prisms, 
containing  a  molecule  of  water  of  crystallization,  and  having 
therefore  the  composition  CjUfi^  -f-  OH3 ;  when  pure  it  is  colour- 
less, but  on  exposure  to  the  air  it  soon  becomes  of  a  pale  reddish- 
brown  colour.  These  crystals  fuse  at  58°  ( r  36°'4  F.)  with  loss  of 
water;  whilst  anhydrons  orcin  melts  at  86°(i86°8  F.).  At  a 
higher  temperature  orcin  distils,  the  first  portions  of  the  distillate 
containing  some  water,  whilst  subsequently  anhydrous  orcin. 
passes  over  at  290°  (554°  F.) ;  in  this  operation  a  slight  decompo- 
sition takes  place  if  conducted  at  the  ordinary  atmospheric  pres- 
sure, but  under  diminished  pressure  it  distils  as  a  colourless  oil, 
which  solidifies  on  cooling.  In  fact,  distillation  in  vacuo  forms 
by  far  the  best  method  of  obtaining  pure  and  colourless  orcin. 

Orcin  is  exceedingly  soluble  in  alcohol,  ether,  or  boiling 
water,  but  much  less  soluble  in  cold  water.  It  is  only  mode- 
rately soluble  in  boiling  benzene.  It  has  a  very  sweet,  but 
somewhat  astringent  taste.  It  has  marked  acid  properties,  fused 
orcin  decomposing  sodic  carbonate  with  evolution  of  carbonic 
anhydride.  Like  its  lower  homologues  it  readily  enters  into  re- 
action with  acid  chlorides,  forming  compounds  such  as  the  ace- 
tate CH3.CgH3(0. 031130)2.  Oxidizing  agents  readily  attack  it 
with  formation  of  oxalic  acid ;  and  like  phenol,  when  heated 
with  concentrated  sulphuric  acid  it  gives  rise  to  a  sulphonic  acid. 
The  two  most  remarkable  and  characteristic  reactions  of  orcin, 
however,  are  those  which  take  place  when  it  is  treated  with 
hypochlorites,  and  with  ammonia.  Hypochlorites  give  an  intense, 
but  transient  purple  red  colour  with  the  most  minute  trace  of 
orcin  or  any  of  those  lichen  acids  which  yield  it;  Stenhouse 
[Journ.  Chem.  Soc.y  xx.  221)  has  founded  on  this  a  volumetric 
process  for  the  determination  of  the  value  of  "  orchella  weed.-'^ 
When  a  solution  containing  orcin  and  ammonia  is  exposed  to 
the  air,  it  rapidly  acquires  a  deep  purple  colour,  that  of  the  so- 
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called  orchil  or  archil  so  largely  used  for  blooming  indigo  dyed 
goods.  When  potassic  or  sodic  carbonate  is  present  as  well  as 
ammonia,  a  blue  colouring  matter  is  formed,  identical  with  that 
contained  in  litmus. 

(151 7)  Constitution  of  Orcin. — Vogt  and  Henninger  {Ann. 
Chim.  Phys.  [4],  xxvii.  129),  by  treating  with  sulphuric  acid  the 
(o— i)chlorotoluene  prepared  by  the  action  of  chlorine  on  toluene 
in  presence  of  iodine,  obtained  a  mixture  of  two  chlorotoluene- 
sulphonic  acids,  CH3.CgHgCl.SO3H,  which  were  separated  by  taking 
advantage  of  the  difference  in  the  solubility  of  their  baric  salts. 
By  fusing  the  potassic  salt  of  the  a- acid  with  about  twice  its 
weight  of  potassic  hydrate,  dissolving  the  fused  mass  in  water,  and 
extracting  the  acidified  solution  with  ether  in  the  usual  way,  an 
ethereal  solution  was  obtained,  which  furnished  a  brown  syrup  on 
evaporation  of  the  ether;  by  distilling  this  syrup  in  vacuo,  and 
crystallizing  the  distillate  from  water,  crystals  were  obtained  of 
the  composition  C^HgOg  +  OHg,  having  all  the  properties  of  the 
orcin  prepared  from  lichens.  The  melting  point  of  the  synthetic 
product  was  found  to  be  57°* i  (i34°*8  F.),  and  there  appears  to 
be  but  little  doubt  as  to  its  identity  with  the  natural  product. 

'^o'^  the  chlorotoluene  employed  by  Yogt  and  Henninger  was 
undoubtedly  a  mixture  of  th-e  ortho-  and  para- compound,  but  from 
their  description  of  the  salts  of  their  a-acid,  it  is  evident  that  the 
latter  is  identical  with  the  o?'/Aochlorotoluenesulphonic  acid  of 
Hiibner  and  Majert  (Deut.  chem.  Ges.  Ber.,  vi.  790) ;  the  consti- 
tution of  this  acid  has  not  been  directly  ascertained,  but  the  in- 
vestigations carried  on  under  Hiibner^s  direction  {Ann.  Chem, 
P harm. J  clxix.  i)  have  shown  that  orthobromotoluene,the  behaviour 
of  which  it  can  scarcely  be  doubted  is  strictly  comparable  with 
that  of  orthochlorotoluene,  furnishes  only  a  single  sulpho-acid, 
and  that  the  sulpho-group  in  this  acid  is  in  the  meta-position 
relatively  to  the  methyl  group  of  toluene.  Only  two  formulse  are, 
therefore,  possible  for  orthochlorotoluenesulphonic  acid — namely  : 

CH,  CH,  _ 


SO3H 


CI 


CI 


SO3H 


As  the  behaviour  of  the  mono-derivatives  of  toluene  is  frequently 
analogous  to  that  of  the  corresponding  derivatives  of  benzene,  the 
first  of  these  formulse  is  the  more  probable,  since  chlorobenzene 
is  converted  into   parachlorobenzenesulphonic  acid  on  treatment 
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with  sulphuric  acid.  From  this  it  might  appear  as  if  the  hyclroxyl 
groups  in  orcin  occupied  the  same  relative  positions  as  in 
hydroquinone,  CH3  :  OH  :  0H  =  1  :  3  :  5 ;  but  since  the  reactions 
and  properties  of  orcin  and  resorcin  so  very  closely  resemble  one 
another,  it  is  highly  probable  that,  as  in  the  formation  of 
resorcin  from  parachlorobenzenesulphonic  acid,  an  isomeric 
change  takes  place  during  the  fusion  with  potassic  hydrate,  and 
that  the  orcin  produced  in  the  reaction  is  really  methylmeta- 
dioxybenzenC;  CH3  :  OH  :  OH  :  1  :  2  :  4. 

(15 18)  Haloid  and  Nitro- derivatives  of  Orcin. — When  chlorine  is  passed 
into  an  aqueous  solution  of  orcin,  or  when  dry  orcin  is  treated  with  the  gas, 
dark  brown  resinous  products  are  produced,  from  which  no  well-defined  crystalline 
product  has  been  obtained.  When,  however,  an  aqueous  solution  of  orcin  is 
added  to  the  so-called  *  chlorine  hydrate,'  or  to  a  mixture  of  hydrochloric  acid 
with  potassic  chlorate,  care  being  taken  to  keep  the  chlorinating  agent  in  excess, 
a  colourless  crystalline  product  is  obtained,  which  may  be  readily  purified  by 
crystallization  from  carbonic  bisulphide.  It  melts  at  I20°*5  (248°*9  F.),  and 
has  the  composition  of  pentacJdororcin,  CjHgClgOg.  From  Liebermann  and 
Dittler's  investigation  of  the  so-called  pentabromoresorcin  (p.  ^23),  it  is  highly 
probable,  however,  that  this  substance  is  not  merely  a  chlorine  substitu- 
tion derivative  of  orcin,  0^'RQ\J^01^)^,  but  a  chlorine  additive  compound, 
C.HgCl  Og.Clg,  partaking  of  the  nature  of  a  quinone.  It  is  a  curious  circumstance 
that  the  compound  C^Hf^Xf)^  is  capable  of  uniting  directly  with  a  molecule  of 
hypochlorous  acid  when  it  is  treated  with  a  solution  of  an  hypochlorite  to  which 
hydrochloric  acid  has  been  added.  The  compound,  CyHgClgO^.HClO,  is  also 
obtained  when  orcin  dissolved  in  hydrochloric  acid  is  added  to  a  solution  of 
bleaching  powder.  When  *'  pentachlororcin"  is  treated  with  a  reducing  ag^nt, 
such  as  hydriodic  acid,  two  of  the  chlorine  atoms  are  displaced  by  hydrogen,  and 
triclilor orcin,  Q^liJ^XJ^O^)..^,  is  produced.  It  forms  colourless  needles,  which 
melt 'at  123°  (253^-4  F.). 

^'  Pentahromorcin,"  i^^W^vf)^,  is  readily  formed  on  adding  an  aqueous 
solution  of  orcin,  with  constant  agitation,  to  a  mixture  of  bromine  and  water. 
It  crystallizes  in  large  colourless  prisms,  which  melt  at  126°  (258°8  F.)  : 
treatment  with  dilute  hjdriodic  acid  converts  it  into  tribromorcin,  CyHgBr3(OH)2 
(Lamparter,  ibid.,  cxxxiv.  257  ;  Stenhouse,  Proc.  Roy.  Soc,  xx;  72).  A 
monohromorcin,  Q^H^BviOH)^,  was  obtained  by  Lamparter,  on  mixing  solutions 
containing  molecular  weights  of  bromine  and  orcin  and  evaporating.  A  triodorcin, 
0^11313(011)2,  crystallizing  from  carbonic  bisulphide  in  large  transparent  plates, 
is  produced  when  an  aqueous  solution  of  orcin  is  precipitated  with  a  solution 
of  iodine  monochloride ;  and  a  moniodoj^cin,  CyH.I(0H)2,  has  been  obtained  by 
treating  an  ethereal  solution  of  orcin  and  iodine  with  finely  powdered  lead  oxide 
(Stenhouse,  ibid.,  xxii.  53).  '  " 

Nitro- derivatives  of  Orcin. — According  to  Weselsky  {Deut.  chem.  Ges.  Ber., 
vii.  439),  when  an  ethereal  solution  of  orcin  is  treated  with  a  solution  of  nitrous 
in  nitric  acid,  two  isomeric  mononitroorcins,  C^YiJ^O^(0\l)^,  are  produced, 
together  with  other  compounds,  and  are  obtained  on  evaporating  the  clear 
ethereal  solution.  The  a-nitroorcin  being  volatile  in  the  vapour  of  water,  js 
readily  separated.  It  crystallizes  in  long  orange-red  needles,  which  melt  at 
120°  (248°  F.),  and  are  easily  soluble  in  alcohol  or  ether,  but  only  sparingly  in 
cold  water.  The  ^-nitroorcin  obtained  from  the  tarry  residue  by  boiling  it  with 
water,  forms   short  lemon-yellow  needles,  which  melt    at    115°  (239°  F.);  on 
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adding  bromine  to  its  ethereal  &6\\it\o\i,dibromo-^-nitroorcin,C^li^Br^(NO„)(01i)^, 
is  obtained  in  dark  yellow  plates  melting  at  112°  (233°'6  F.),  Trinitroorcin, 
Cj}iJ^'NO.,).^{0'ii)^,  is  prepared  from  orcin  by  dissolving  it  in  a  small  quantity  oi 
warm  water,  and  adding  the  solution  gradually  to  fuming  nitric  acid  which  has 
been  cooled  to  —  16°  (5°  F.)  by  a  freezing  mixture.  The  pale  brown  solution 
thus  obtained  is  then  slowly  added  to  about  twice  its  bulk  of  concentrated  sul- 
phuric acid  also  cooled  to  the  same  temperature  ;  after  about  twenty  minutes 
the  resulting  pasty  mass  is  poured  into  a  mixture  of  crushed  ice  and  water,  and 
the  bright  yellow  precipitate,  after  being  washed  and  dried,  is  recry stall ized  from 
boiling  water.  It  forms  large  yellow  needles,  soluble  in  alcohol,  ether,  and 
benzene,  which  fuse  at  162°  (^2^°'6  F.),  and  at  a  slightly  higher  temperature 
decompose  with  a  feeble  explosion  ;  although  it  resembles  trinitrophenol  in  dj-eing 
the  skin  yellow,  it  has  not  the  slightest  bitter  taste  (Stenhouse,  Proc.  Hoy.  Soc, 
xix.  410).  The  nitroorcins  furnish  a  number  of  cr^'stalline  orange-yellow  or  red 
metallic  derivatives,  such  as  potassium  trinitroorcin,  CH,.Cg(NOg)3(OK)2. 

(15 1 9)  Isomerides  of  Orcin. — A  crystalline  compound  apparently  isomeric 
with  orcin  has  been  obtained  by  Senhofer  (Ann.  Chem.  Pharm.,  clxiv.  r3i)  by 
fusing  the  potassic  salt  of  the  toluenedisulphonicacid  prepared  by  heating  toluene 
with  sulphuric  acid  and  phosphoric  anhydride  to  230^^  (446°  F.)  for  four  or  five 
hours  with  an  excess  of  potassic  hydrate,  &c.  It  crystallizes  in  fine  needles 
containing  a  molecule  of  water  ;  the  anliydrous  substance  melts  at  87°  ( 1 88°'6  F.), 
and  boils  at  about  260°  (500°  F.)  ;  it  gives  a  brownish-green  colour  with  ferric 
salts,  and  when  exposed  to  the  air  in  contact  with  ammonia  forms  a  brownish 
solution  different  from  the  intense  violet-red  so  characteristic  of  orcin. 

Hakansson  [Deut.  chem.  Ges.  Per.,  v.  1084),  by  heating  toluenemonosul- 
plionic  acid  (?  the  crude  acid  from  toluene  and  sulphuric  acid)  with  fuming  sul- 
phuric acid  at  160°  (320°  F.),  found  that  twodisulphonic  acids  were  produced,  both 
of  which  were  distinct  from  that  obtained  by  Senhofer.  The  potassic  salt  of  the 
a-acid — that  formed  in  largest  quantity  by  this  process — when  fused  with  potassic 
hydrate  yields,  besides  salicylic  acid,  a  crystalline  substance,  C^Ufi^,  isomeric 
with  ordinary  orcin,  and  with  Senhofer 's  isoorcin.  Like  the  latter,  it  forms 
needles  containing  water  of  crystallization,  which  melt  at  about  95°  ;  the  anhy- 
drous substance  melts  at  87° — 88°  (i88°-6 — i9o°-4  F.),  and  boils  at  about 
270°  (518°  F.).  Its  most  characteristic  reactions  are,  that  it  gives  a  yellow 
colour  with  calcium  hypochlorite,  and  in  contact  with  air  and  ammonia,  a  blue 
colour,  which  is  changed  to  red  on  the  addition  of  acetic  acid. 

Homopyrocatechin    or   Methylcaterliol :    C}J^.C^'R^(0'R)^. — Hugo   Miiller 
(Zeits.  Chem.,  1864,  703;   Chem.  News,  x.  269),  by  submitting  that  portion 
of  English   wood  creasote  which   boils  at   219°  (426'''2   F.)  to  the  action  of 
hydriodic  acid,  obtained   methylic  iodide  and  a  syrupy  uncrystallizable  liquid, 
soluble  in  water  and  capable  of  being  distilled  without  decomposition.     The  &aine 
substance  has  since  been  separated  by  Gorup-Besanez  {Zeiis.  Chem.,  1868,393) 
from  Ehenish  beech  tar,  and  also  by  Marasse  {Ann.   Chem.  Pharm.,  clii.  75),, 
along  with  phlorol,  cresol,  and  pyrocatechin,  by  acting  with  hydriodic  acid  on  liid 
fraction  of  beech  wood  creasote,  which  boils  between  217°  and   221°  (422°'< 
and  428    F.).     This  body,  to  which  the  name  homopyrocatechin  has  been  givei 
is  formed  from  the  creosol — the  homologue  of  guaiacol — ^present  in  these  su^ 
stances,  in  the  following  manner  : 

CH,.C,H3(0H)(0GH3)    +    HI   =    CH3.C,H3(OH),   -f    GH3I 

Creosol.  Methylcatechol.  lodometbane. 

Homopyrocatechin  has  not  yet  been  carefully  examined,  and  as  the  material  frofl 
which  it  was  prepared  does  not  appear  to  have  been  pure  creosol,  it  is  doubtfil 
whether  the  substance  itself  has  ever  been  obtained  in  the  pure  state. 
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Toluhydroquinone. — Although  neither  toluquinone,  QfiJiQ^^O^,  nor  tolu- 
hydroquinone,  CgH3(CH3)(OH)2,  is  known,  a  trichlorinated  derivative  of  the 
hitter  is  obtained  from  trichlortoluquinone  by  the  action  of  an  aqueous  solution 
of  sulphurous  acid.  TnchlorotoluTiydroquinone  or  trichloromethylquinol, 
CgCl3(CH3)(OH)2,  forms  colourless  needles  which  melt  at  212°  (4I3°'6  F.),  and 
are  sparingly  soluble  in  water,  but  readily  in  alcohol.  It  may  be  sublimed 
without  decomposition. 

(1520)  Alcohols  of  the  Composition  Qfi^^{OYi)^=  138.— Xyleneglycol 
and  two  compounds  of  the  orcinol  class  are  the  only  alcohols  of  this  composition 
which  have  been  obtained. 

Xyleneglycol  or  Paradimethoxyhenzene  :  CgH^(CH2.HO)2. — This  compound, 
which  bears  the  same  relation  to  benzylic  alcohol,  CgH^.CH2(0H),  that  glycol 
does  to  ethylic  alcohol,  is  prepared  by  heating  dichloro-  or  dibromoparaxylene 
(p.  321)  with  thirty  times  its  weight  of  water  at  180°  (356°  F.),  and  after  con- 
centrating and  neutralizing  the  aqueous  solution,  extracting  the  glycol  with  ether  : 
CgH^(CH2Cl),  +  20H2  =  CgH^(CH2.0H)2+2HCl.  It  crystallizes  in  glistening 
needles,  readily  soluble  in  water,  alcohol,  and  ether;  it  melts  at  113°  (235''*4  F.). 
On  oxidation,  it  is  converted  into  terephthalic  acid  (Grimaux,  Comjpt.  Rend.y 
Ixx.  1363). 

Hydrophlorone  ;  (?)  Dimethylquinol :  (CH3)2CgH2(OH)2. — This  compound 
is  produced  when  phlorone  or  dimethylquinone,  CgHgO^ — a  substance  obtained  by 
the  action  of  sulphuric  acid  and  manganic  peroxide  on  the  portion  of  the  coal- 
tar  phenols  boiling  at  190° — 220°  (374° — 428°  F.) — is  suspended  in  water,  and 
a  current  of  sulphurous  anhydride  passed  into  the  liquid  until  the  crystals  have 
become  colourless.  It  crystallizes  from  boiling  water,  in  which  it  is  rather 
soluble,  in  colourless  glistening  plates,  readily  soluble  in  alcohol  or  ether.  When 
phlorone  is  heated  with  concentrated  hydrochloric  acid,  it  dissolves,  and  chlor- 
hydrophloroney  CJl^C\{pH)^,  separates  on  cooling  in  the  crystalline  state. 
When  pure  it  forms  colourless  silky  needles  easily  soluble  in  ether,  alcohol,  or 
hot  water  (Rad,  Ann.  Chem.  Fharm.,  cli.  164). 

Betaorcin :  (?)  (CH3)2CgH2(OPi2).— This  horaologue  of  orcin,  which  has 
been  very  little  investigated,  was  first  obtained  by  Stenhouse  [Ann.  Chem. 
Pharm.,  Ixviii.  104)  by  submitting  cladonic  acid  from  Cladonia  rangiferina 
to  destructive  distillation.  It  has  since  been  prepared  by  the  action  of  boiling 
alkaline  solutions  on  ^-erythrin,  a  substance  homologous  with  ordinary  erythrin 
obtained  from  a  peculiar  variety  of  Roccella  fuciformis  (Menschutkin,  Bull  Soc. 
Chem.  [2],  ii.  424  ;  Lamparter,  Ann.  Chem.  Pharm.,  cxxxiv.  243). 

It  crystallizes  in  brilliant  prisms  belonging  to  the  dimetric  system,  which 
melt  at  109°  (228°*2  F.),  and  are  less  soluble  in  cold  water  than  orcin;  it  is 
easily  soluble  in  alcohol  and  ether.  When  treated  with  nitric  and  sulphuric 
acids,  as  in  the  preparation  of  trinitroorcin,  betaorcin  yields  a  nitro-derivative. 
With  ammonia  it  gives  a  splendid  red  colour  when  exposed  to  the  air,  and  with 
calcic  hypochlorite  a  blood-red,  very  different  from  the  purple  obtained  with 
orcin. 

(152 1 )  Thymohydeoquinone  or  Methylpropylquinol ;  thymdilol : 
^lo^iA  0^  CgH3(CH3)(C3Hy)(OH)2.— Thymoquinone,  a  substance  obtained  from 
thymolsulphonic  acid  by  distilling  it  with  manganic  peroxide  and  dilute  sulphuric 
acid,  when  treated  with  reducing  agents  is  converted  into  the  corresponding 
hydroquinone.  It  forms  colourless  prisms,  which  fuse  at  145°  (293°  F.)  and 
distil  without  decomposition  at  290°  (554"  F.).  It  is  only  sparingly  soluble  in 
water,  but  readily  in  alcohol  and  in  ether.  Oxidizing  agents  reconvert  it  into 
thyraoquinone  (Lallemand,  Ann.  Chem.  Pharm.,  cii.  119;  Carstanjen,  Journ^ 
'pr.  Chem.  [2],  iii.  53). 
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§  VIII.  DiHYDRic  Alcohols  of  Series  higher  than  the 
C„H,„_,  (OH),  Series. 

Very  few  dihydroxyl  derivatives  of  hydrocarbons  containing 
relatively  less  hydrogen  than  those  of  the  benzene  series  are 
known,  and  even  those  which  have  been  obtained  are  at  present 
of  very  little  importance. 

(1522)  Hydronafhthaquinone  or  NapldJiaqmnol :  Cj^HgO^  or 
Cj^Hg(0H)2. — This  compound,  which  is  analogous  in  its  properties  to  hydro- 
quinone  or  quinol,  is  prepared  by  the  action  of  reducing  agents  such  as  hydriodie 
acid  or  stannous  chloride  on  naphthaquinone.  It  crystallizes  in  colourless 
needles,  which  melt  at  I76°(348°"8  F.)  ;  it  is  comparatively  soluble  in  boiling 
water,  but  crystallizes  out  almost  entirely  on  cooling ;  it  is  readily  soluble  in 
alcohol  or  ether ;  oxidizing  agents  reconvert  it  into  the  quinone  (Groves,  Journ, 
Chem,  Soc,  xxvi.  209).  Haloid  derivatives  of  uaphthaquinol  are  not  known, 
but  they  would  undoubtedly  be  obtained  by  proper  treatment  from  the  chloro- 
naphthaquinones. 

(1523)  DiHYDEic  Alcohols  deeived  from  the  Hydrocarbons  op 
THE  DiPHENYL  Seeies. — The  following  are  comprised  in  this  series  : 

M.P.  °C. 


Paradi  phenol  . 
Orthodiphenol  . 
Hydrobenzoin  . 
Isohydrobenzoin 

Dithymol     . 


157^ 


I  HO.C,H,.C,H,.OH         ...         I 

(?)  C,H,.CH(OH).CH(OH).C,H,     ...      134 

(.?)C,H,.C(()HX.CH,.C,H,  ...      120 

CeH,(CH3)(C3H,).OH  ^^^ 

CeH.(CH3)(C3H,).OH 


(1524)  DiPHENOLS  :  C^Ji^{OIL)^.—Paradiphenol  is  formed  from  dipar- 
amidodiphenyl  or  benzidine  by  Griess's  method,  and  by  fusing  the  sodium  salt  of 
phenol^arasulphonic  acid  (p.  478)  with  sodic  hydrate,  &c.  (Lincke,  Journ.  pr. 
Chem.  [2],  viii.  43).  It  crystallizes  in  fine  needles,  or  small  rhombic  prisms, 
which  melt  at  I57°(3I4''*6  F.)  ;  it  is  difficultly  soluble  even  in  boiling  water, 
but  readily  dissolves  in  alcohol  or  ether,  and  in  solutions  of  the  alkalies.  It  is 
not  reduced  when  passed  over  heated  zinc  dust ;  it  forms  substitution  deriva- 
tives when  submitted  to  the  action  of  bromine,  nitric  acid,  or  sulphuric  acid 
(Lincke). 

Barth  (^Ann.  Chem.  Pharm.,  clvi.  98)  has  obtained  an  isomeric  body, 
together  with  oxybenzoic  and  salicylic  acids,  by  fusing  phenol  with  an  excess  of 
potassic  hydrate  until  the  mass  assumed  the  consistence  of  a  thick  syrup,  the 
amount  formed  being  equal  to  12 — 15  per  cent,  of  the  phenol  employed.  It 
appears  to  crystallize  with  difficulty,  and  does  not  furnish  well  characterized 
substitution  derivatives ;  its  aqueous  solution  is  coloured  violet  by  ferric  salts. 
By  heating  its  potassium  derivative  with  methylic  iodide  it  is  converted  into 
the  dianisol  CjoHg(0CH3)^,  which  forms  octahedral  crystals,  melting  at  146° 
(2 94° '8  F.),  Judging  from  its  properties,  and  as  it  is  the  tendency  of  phenol 
to  form  ortho-  or  para-derivatives,  it  is  probable  that  the  compound  obtained 
by  Barth  is  the  ortho-modification  of  diphenol. 

According  to  Goldstein  {Deut  chem.  Ges.  Ber.,  vii.  734),  orthonitrophenol 
is  converted  into  a  dinitrodipheuol  on  oxidation  with  potassic  permanganate  j  it 
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sublimes  at  150°  (302°  F.),  without  fusing,  in  yellow  needles,  and  dissolves 
readily  in  alkalies,  forming  blood-red  coloured  solutions.  It  is  probably  a 
derivative  of  paradiphenol. 

(1525)  Hydeobenzoin  and  Isohydeobenzoin  :  CjiH^gCO^)^- — These  com- 
pounds are  both  formed  by  the  action  of  nascent  hydrogen  on  benzoic  aldehyde  : 
sCyHgO  +  H2  =  Cj^Hj^O^.  When  an  alcoholic  solution  of  the  aldehyde  is  treated 
with  zinc  and  hydrochloric  acid,  hydrobenzoin  is  the  principal  product,  whilst  by 
the  action  of  sodium  amalgam  on  a  solution  of  the  aldehyde  in  aqueous  ether 
chiefly  isohydrobenzoin  is  formed,  but  the  yield  is  unsatisfactory  in  both  cases. 
Hydrobenzoin  alone  is  obtained  by  the  action  of  nascent  hydrogen  on  benzoin  j 
in  fact,  the  best  method  of  preparing  it  is  to  suspend  this  compound  in  cold 
aqueous  alcohol,  and  to  add  sodium  amalgam.  Benzil  also  furnishes  only 
hydrobenzoin  when  sodium  amalgam  is  added  to  its  warm  aqueous  solution. 
Stilbene  bromide,  C^JI^Jh-^,  when  heated  for  some  hours  to  about  the  boiling 
point  of  acetic  acid  with  an  equal  weight  of  argentic  acetate  and  a  small 
quantity  of  glacial  acetic  acid  is  converted  into  a  mixture  of  two  diacetates  of  the 
formula  C^iH^^C ^2-^3^2)2'  which  furnish  respectively  hydrobenzo-in  nnd  isohydro- 
benzoin  on  saponification,  a  monacetate  of  the  formula  C^^}l^JP'H.)(O^UJ}^) 
being  also  formed,  which  furnishes  isohydrobenzoin.  But  on  heating  stilbene 
hroimde  with potassic  acetate  and  acetic  acid  to  about  160"^ — 165  "(3  20° — 32  9°F.) 
only  the  di-  and  monacetate  of  isohydrobenzoin  are  obtained,  together  with  an 
appreciable  amount  of  stilbene.  By  the  action  of  potassic  acetate  and  alcohol, 
only  stilbene  and  bromostilbene  are  produced ;  argentic  benzoate  in  presence  of 
xylene  has  an  action  similar  to  that  of  argentic  acetate,  the  dibenzoate  of  both 
hydrobenzoin  and  isohydrobenzoin  being  formed.  Lastly,  by  tho  action  of 
argentic  oxalate  in  presence  of  xylene,  resinous  products  are  obtained,  together 
with  much  stilbene,  which  on  saponification  furnish  hydrobenzoin  almost  exclu- 
sively (Forst  and  Zinche,  Arm.  Chem.  P^harm.,  clxxxii.  241). 

Hydrobenzoin  crystallizes  from  alcohol  in  large,  but  very  thin  monoclinic 
plates  J  it  melts  at  134°  (273°*2  F.),  and  is  readily  soluble  in  alcohol,  but  only 
sparingly  in  cold  water.  Its  monacetate,  C^^^^{O]l){0flP^,  crystallizes  in 
long  needles,  which  melt  at  84°  (i83°-2  F.);  the  diacetate,  O^fi^J^C^^ipX* 
forms  large  monoclinic  prisms,  and  melts  at  134°  (2  73°*2  F.).  The  correspond- 
ing dibenzoate,  ^^^^J^^-j^P^^^  's  one  of  the  most  characteristic  hydrobenzoin 
derivatives;  it  is  sparingly  soluble  in  cold  ether,  alcohol,  or  benzene,  but  more 
soluble  in  boiling  acetic  acid,  xylene,  or  alcohol,  and  crystallizes  in  small  brittle 
needles,  which  melt  at  247°  (476°"6  F).  Isohydrobenzoin  is  readily  soluble  in 
alcohol,  ether,  or  chloroform,  ft-om  which  it  crystallizes  in  monoclinic  prisms, 
melting  at  119° — 120°  (246°'2 — 248°  F.);  it  separates  from  its  aqueous  solu- 
tion in  slender  glistening  needles,  containing  water  of  crystallization,  which  melt 
at  95° — 96°  (203° — 204°"8  F.)  Its  monacetate  crystallizes  in  shorter,  thicker 
needles  than  the  isomeride,  and  melts  at  88°  (i  90°'4  F.).  The  diacetate  separates 
from  a  hot  alcoholic  solution  in  glistening  plates,  which  melt  at  117°  (242°'6  F.), 
even  after  repeated  fusion;  but  it  crystallizes  from  the  mother  liquor  of  these  crystals 
on  spontaneous  evaporation  in  rhombic  prisms,  which  as  a  rule  melt  at  1 1 7° — 118° 
(242°-6 — 244°*4  F.),  but  after  fusion  melt  constantly  at  about  106°  (232°-8  F.). 
Sometimes  prisms  are  obtained  which  from  the  first  melt  at  106°  (22  2°"8  F.)* 
On  dissolving  the  crystals  which  melt  constantly  at  117°  in  cold  alcohol,  and 
allowing  the  solution  to  evaporate  spontaneously,  prisms  are  obtained  which  at 
first  melt  at  117°,  but  afterwards  at  106°  ;  it  was  not  found  possible  to  convert 
the  crystals  of  lower  into  those  of  higher  melting  point  (Forst  and  Zincke). 
Isohydrobenzoin  dibenzoate  crystallizes  in  needles  easily  soluble  in  hot  alcohol, 
&c.,  which  melt  at  155° — 156°  (311° — 3i2°'8  F.).  On  heating  isohydroben- 
zoin with  benzoic  anhydride  to    150° — 160°  (302° — 320°   F.),  it  appears  to 
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furnish  a  mictture  of  the  dibenzoates  of  hydrobenzoin  and  isohydrobenzoin 
(Forst  and  Zincke). 

On  oxidation  with  chromic  acid,  both  hydrobenzoin  and  isohydrobenzoin  fur- 
nish almost  the  theoretical  amount  of  benzoic  aldehyde  and  benzoic  acid  (Forst 
and  Zmcke,Deut.chem.  Ges.  Ber.,\m.  799).  Nitric  acid  converts  hydrobenzoin 
into  benzoin,  CgHg.C0.CH(0H).CgH5;  the  nature  of  the  crystalline  product  which 
is  obtained  by  its  action  on  isohydrobenzoin  has  not  yet  been  ascertained.  Both 
yield  compounds  of  the  composition  Q^J1^^C\„  on  treatment  with  phosphoric 
pentachloride,  but  the  product  from  hydrobenzoin  is  not  distinguishable  from 
that  from  isohydrobenzoin,  and  both  chlorides  furnish  tolane,  C^H^.C^C.G^Hj, 
when  submitted  to  the  action  of  potassic  hydrate  (Amman  and  Fittig,  Ann.  Chem, 
Pharm.,  clxviii.  67).  The  brominated  compounds  C^^Hj^Br^  obtained  by  the 
action  of  phosphorus  pentabromide  also  exhibit  the  same  properties  (Forst  and 
Zincke). 

The  constitution  of  hydrobenzoin  and  isohydrobenzoin  is  involved  in  consider- 
able obscurity.  The  formulae  which  are  most  in  accordance  with  their  general 
behaviour  are  C,H,.CH(OH).CH(OH).C,H,  and  CgH,.C(OH)^.CH,.C,H^ ;  in  fact, 
their  behaviour  on  oxidation  may  be  regarded  as  proof  that  these  are  the  only  pos- 
sible formulae,  since  we  must  suppose  that  each  contains  two  C^H^  groups,  the 
amount  of  benzoic  aldehyde  which  is  formed  being  almost  equal  to  that  required 
by  theory,  viz. : 

C,H^.CH(OH).CH(OH).C,H,   +    (0  +  OHJ    ==    2C,H^.C0H    +    20R^. 

The  first  Ibrmula  is  the  more  probable  expression  of  the  constitution  of  hydro- 
benzoin on  account  of  its  formation  from  benzoin,  but  many  objections  may  be 
urged  against  the  second  as  the  formula  of  isohydi'obenzoin.  Thus,  we  may 
account  for  the  formation  of  the  diacetate  Q^Yi^.C{0fifiX-^^r^6^t  f^o^ 
stilbene  bromide,  which  has  the  formula  CgH^.CHBr.CHBr.CgHj,  by  the  action 
of  potassic  or  argentic  acetate  in  presence  of  acetic  acid  in  the  same  way  that 
we  account  for  the  conversion  of  isoprimary  butylic  iodide  into  tertiary  butylic 
acetate  (p.  442) — viz.,  by  the  assumption  that  the  stilbene  bromide  is  first  con- 
verted into  bromostilbene,  CgHg.CHzzCBr  CgH.,  which  then  combines  with  the 
acetic  acid  forming  the  acetate  C^U^.Cli^.CBi'(CJlfi^).C^ll^,  which  is  subse- 
quently converted  by  double  decomposition  into  the  diacetate;  but  we  cannot 
account  in  a  similar  manner  for  the  simultaneous  formation  of  the  dibenzoates 
corresponding  to  the  two  alcohols  by  the  action  of  argentic  benzoate  on  stilbene 
bromide  in  presence  of  the  hydrocarbon  xylene.  Moreover,  we  have  seen  that 
compounds  in  which  two  OH  groups  are  associated  with  the  same  carbon  atom 
are  usually  very  unstable,  and  isohydrobenzoin  is  possessed  of  considerable 
stability.  Analogy  also  would  lead  us  to  expect  that  a  compound  of  the  formula 
CgHg.C(OH).^.CH^.CgHg  would  melt  at  a  lower  temperature  than  the  isomeric 
compound  of  the  formula  CgHg.CH(OH).CH(OH).C^H^,  whereas  hydrobenzoin, 
to  which  we  have  assigned  the  latter  formula,  melts  at  a  higher  temperature 
than  isohydrobenzoin.  The  great  difierence  m  the  properties  of  the  acetates  and 
of  the  benzoates  of  hydrobenzoin  and  isohydrobenzoin  does  not,  however,  favour 
the  conclusion  that  they  belong  to  the  class  of  so-called  physical  isomerides,  but 
appears  rather  to  indicate  that  these  alcohols  are  really  bodies  of  difierent  chemical 
constitution. 

(1526)  DiTHYMOL:  Cg^Hg/OH)^.— This  compound  is  the  product  of  the 
action  of  ferric  chloride  on  thymol,  and  crystallizes  from  dilute  alcohol  in  rhombic 
plates,  containing  a  molecule  of  water.  It  melts  at  162"  (323°-6  F.);  benzoic 
chloride  converts  it  into  the  dibenzoate  (Boradin  and  Dianin,  Beut  chem^ 
Ges.  Ber.,  viii.  166). 

(1527)  Antheahtdeoqutnone  or  Anthraquinol ;  dioxyanthracene : 
^4-^8(^^)2'  ^^  formed  when  anthraquinone  is  fused  for  a  long  time  with  potassic 
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hydrate  at  a  temperature  superior  to  250°  (482°F,),  but  is  far  more  conveniently 
prepared  by  pouring  a  dilute  solution  of  sodic  hydrate  on  a  mixture  of  anthra- 
quinone  and  zinc  dust.  The  anthraquinone  gradually  dissolves,  and  on  adding  an 
acid  to  the  solution  the  anthraquinol  is  obtained  as  a  yellow  precipitate,  which 
rapidly  oxidizes  in  contact  with  the  air,  on  which  account  it  should  be  pre- 
cipitated, washed  and  dried  in  an  atmosphere  of  carbonic  anhydride  (Graebe). 

Phenanthrenehydroquinone  or  'phenanthraquinol :  Cj^Hg(0H)2,  an  isomeride 
of  anthraquinol,  is  obtained  in  the  usual  way  by  the  action  of  sulphurous  acid 
on  phenanthraquinone,  the  action  being  assisted  by  a  gentle  heat.  It  crystal- 
lizes from  a  hot  aqueous  solution  of  sulphurous  acid  in  long  colourless  needles, 
which  become  oxidized  in  the  moist  state,  but  are  more  stable  when  dry.  The 
comparative  facility  with  which  phenanthrenequinone  is  converted  into  the  corre- 
sponding hydroquinone  serves  as  a  means  of  distinguishing  and  separating  it 
from  anthraquinone,  which  is  not  acted  on  by  sulphurous  acid  (Graebe,  Ann. 
Chem.  Pharm.,  clxvii.  146). 

(1528)  Cheysenehydeoquinone  or  Chrysenequinol -,  Q^^^^^W)^.-' 
Pyrenequinone,  which  is  the  only  known  quinone  derived  from  the  hydrocarbons 
of  the  CQH2n_22  series,  has  not  been  converted  into  the  hydroquinone,  but 
chrysenequinone  readily  yields  chrysenehydroquinone :  dissolving  when  boiled 
with  zinc  dust  in  an  aqueous  solution  of  potaasic  hydrate,  and  on  adding  an  acid 
to  the  clear  yellow  solution  the  quiuol  is  pre(ripitated  in  colourless  flocks,  which 
readily  oxidize.  This  change  takes  place  even  when  the  quinol  is  heated  to 
200°  (392°  F.)  with  access  of  air,  the  quinone  being  reproduced,  or  by  dissolv- 
ing it  in  sulphuric  acid  and  agitating  it  with  air,  when  the  liquid  assumes  the 
blue  colour  so  characteristic  of  the  sulphuric  acid  solution  of  chrysenequinone 
(Liebermann,  ibid.,  clviii.  312). 

(1529)  DiNAPHTHOLS:  C^^H^^^  ^^  C^^H^i^COH).^.— On  adding  ferric  chlo- 
ride (not  in  excess)  to  a  solutfon  of  a-  or  /3-naphthol,  the  solution  assumes  a  rose 
colour,  and  the  corresponding  dinaphthol  separates  in  the  solid  state,  the  ferric 
being  at  the  same  time  reduced  to  ferrous  chloride : 

2C,oH,.OH    +   Fe^Cl,   =    C,„H,,(OH),    +    2FeCl,    +    HCh 

Naphthol.  Dinaphthol. 

a-Dinaphthol  forms  silvery  rhombic  plates,  which  melt  at  300°  (572°  F.) ;  it  gives 
a  red  colour  with  ferric  chloride,  and  a  violet  precipitate  with  nitric  acid, 
/3-Dinaphthol  crystallizes  from  alcohol  in  broad  quadrangular  prisms  which  melt 
at  218°  (4I2°'4  F.)  ;  it  gives  a  greenish  colour  with  ferric  chloride,  and  a  dark 
green  with  nitric  acid.  Both  these  substances  are  insoluble  in  water,  but  easily 
soluble  in  alcohol  or  ether;  they  are  dissolved  by  alkalies.  It  is  said  that  they 
are  reconverted  into  the  corresponding  naphthols  when  distilled.  The  diben- 
zoate  of  a-dinaphthol  melts  at  254°  (489°'2  F.)  ;  that  of  the  /3-compound  at 
160"  (320°  F.)  (Dianin,  Deut.  chem.  Ges.  Ber.,  vi.  1252;  vii.  125,  487). 

§  IX.  Trihydric  Alcohols. — Alcohols  of  the  C^^^n-i  (OH)^ 

Series. 

Very  few  trihydric  alcohols  are  at  present  known,  this 
series  including  only  two  members,  besides  which  we  are  ac- 
quainted with  five  trihydric  alcohols  derived  from  hydrocarbons 
of  the  benzene  series,  and  a  trioxynaphthalene. 

(1530)  Glycerin;  Glycerol:  CH2(OH).CH(OH).CH2(OH). 
— This  alcohol  was  discovered   in    1779,  by  Scheelcj  when  pre- 
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paring  lead  plaster  by  saponifying  lard  with  plumbic  oxide. 
Most  of  the  fixed  oils  and  fats,  frona  both  animal  and  vegetable 
sources,  are  normal  glyceric  salts  of  acids  of  the  acetic  or  oleic 
series,  and  yield  glycerin  when  decomposed  with  alkalies  or  the 
more  basic  oxides.  For  example,  it  may  be  obtained  from  olive 
oil  by  heating  the  latter  with  rather  more  than  half  its  weight  of 
plumbic  oxide  and  a  little  water  until  completely  saponified, 
removing  the  insoluble  plumbic  oleate  or  lead  plaster,  precipi- 
tating the  lead  which  remains  in  solution  by  sulphuretted 
hydrogen,  and  evaporating  the  aqueous  solution : 

2C3H,(C,3H330,)3    +   3PbO    +    3OH,  =  ^C3H,(OH)3   +    3(C,sH,A).P^- 

Olein  or  glyceric  oleate.  Glycerin.  Plumbic  oleale. 

Glycerin  has  been  artificially  prepared  from  a-trichloropropane, 
CHgCl.CHCl.CHgCl  (p.  159),  by  heating  it  with  water  to  170° 
{338°  F.)  (Friedei  and  Silva,  Compt.  Rend.,  Ixxiv.  805). 

Pasteur  has  shown  (Ann.  Chim.  Phys.  [3],  Iviii.  ^^^)  that 
glycerin  is  always  produced  in  the  alcoholic  fermentation  of 
sugar,  so  that  it  occurs  in  all  fermented  liquors  ;  according  to 
his  experiments,  for  every  100  parts  of  cane-sugar  fermented, 
about  ^'^  parts  of  glycerin  are  formed. 

Preparation. — Glycerin  is  generally  prepared  from  bye  pro- 
ducts of  manufacturing  operations,  or  is  obtained  as  a  subsidiary 
product  in  the  preparation  of  solid  fatty  acids  in  the  candle 
manufagture. 

It  may  be  obtained  from  spent  soap  lyes  left  after  the  soap  has  been  salted 
out,  or  from  the  liquors  separated  from  the  insoluble  mixture  of  lime  soap  and 
fatty  acid  formed  in  the  first  stage  of  the  manufacture  of  stearin  candles  by 
saponifying  tallow  with  milk  of  lime.  In  the  former  case  the  solution  is  first 
carefully  neutralized  with  sulphuric  acid ;  in  the  latter  sulphuric  acid  is  added, 
the  solution  boiled  to  expel  volatile  acids,  and  then  carefully  neutralized  with 
lime  :  the  dilute  brown  coloured  solution  of  glycerin  thus  obtained  is  evaporated 
to  the  consistence  of  a  syrup,  and  subsequently  distilled  in  a  current  of  super- 
heated steam. 

Mr.  Tilghman  found  that  when  a  mixture  of  fat  and  water  was  subjected  for 
a  short  time  to  a  temperature  about  that  of  melted  lead,  by  forcing  it  through 
heated  iron  tubes,  the  former  was  decomposed,  yielding  a  fatty  acid,  and  an  aqueous 
solution  of  glycerin  which  only  required  to  be  concentrated  to  be  at  once  fit  for 
use.  A  process  somewhat  similar  to  this  in  principle  is  now  almost  universally 
employed  in  this  country,  a  patent  having  been  taken  out  for  that  purpose  by 
Messrs.  Wilson  and  Payne,  24  July,  1854.  The  fat  is  charged  into  a  still, 
which  is  gently  heated  externally,  superheated  steam  being  blown  into  the  fat 
BO  as  to  maintain  the  temperature  at  about  288°— 316°  (550°— 600°  F.);  by 
this  means  the  fat  is  decomposed,  and  both  the  fatty  acid  and  the  glycerin  distil 
over  and  condense  in  a  pure  state  together  with  the  aqueous  vapour.  By  era- 
ploying  a  series  of  condensers,  the  first  of  which  are  not  cooled  externally,  the 
glycerin  is  obtained  in  a  very  concentrated  state,  the  water  condensing  in  the 
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cooler  part  of  the  apparatus ;  or  the  aqueous  sohitlon  of  glycerin  may  be  concen- 
trated by  evaporation. 

Glycerin  at  the  ordinary  temperature  is  a  syrupy,  colourless 
liquid,  inodorous,  and  of  a  sweet  taste,  readily  absorbing 
moisture  from  the  air.  Exposed  to  a  low  temperature  and  con- 
tinued vibration  for  some  time,  it  solidifies  to  a  crystalline 
mass,  if  pure  and  anhydrous.  The  crystals  are  rhombic  prisms, 
and  melt  at  17°  (Henninger,  Deut.  chem.  Ges.  Ber.,  viii.  643)  ; 
according  to  Roos  {Chem.  So c.  Journ.,  1876,  i.  651),  they  melt  at 
T5°'5  (60°  F.),  and  the  liquid  glycerin  at  that  temperature  has  a 
specific  gravity  of  ri6i.  Glycerin  is  miscible  in  all  proportions 
with  water,  alcohol,  or  chloroform,  but  is  insoluble  in  ether.  It 
is  slightly  volatile  at  Joo°  (212°  F.),  but  cannot  be  distilled  under 
the  ordinary  atmospheric  pressure  as  the  greater  portion  under- 
goes decomposition  with  formation  of  acrolein.  It  passes  over 
readily,  however,  in  a  current  of  superheated  steam  at  a  tempe- 
rature of  260° — 'i^^'S  (500° — '^00°  ^O-  I*  ^^so  distils  without 
change  under  diminished  pressure,  boiling  at  iJi^^'S  \355°  F.) 
under  a  pressure  of  12*5  mm.,  and  at  210°  (410°  F.)  under  a 
pressure  of  50  mm.  (Bolas)  ;  at  179°  (354°* 2  F.)  under  a  pres- 
sure of  20  mm.  (Henninger).  Glycerin  dissolves  many  substances 
which  are  but  slightly  soluble  in  water,  taking  up  one-fifth  of 
its  weight  of  arsenious  oxide,  and  dissolving  iodine  in  large 
quantity. 

Sodium  has  little  or  no  action  on  glycerin  in  the  cold,  but 
on  heating,  hydrogen  is  rapidly  evolved,  the  sodium  becomes 
red-hot,  and  the  glycerin  is  decomposed.  A  monosodium  deri- 
vative of  glycerin  may  be  prepared,  however,  by  dissolving  sodium 
in  alcohol  and  adding  glycerin ;  after  a  time  a  crystalline  deposit 
is  formed  of  the  composition  CgH^NaOgjCgHgO,  which  when  heated 
to  100°  (2T2°  F.)  in  a  current  of  hydrogen  loses  the  alcohol  of 
crystallization.  Sodium  glycerin  is  a  white  amorphous  powder, 
which  attracts  moisture  with  the  greatest  avidity  from  the  air; 
it  is  immediately  decomposed  by  water  (Letts,  Chem.  Soc.  Journ., 
XXV.  450) .  Calcic,  strontic,  and  baric  hydrates  are  freely  soluble 
in  glycerin,  forming  solutions  which  may  be  diluted  with  water, 
and  in  which  carbonic  anhydride  produces  no  precipitate. 
Plumbic  oxide  is  also  dissolved  by  glycerin. 

When  glycerin  is  carefully  added  to  the  strongest  nitric  acid 
cooled  by  a  mixture  of  ice  and  salt,  and  the  solution  is  afterwards 
gradually  mixed  with  concentrated  sulphuric  acid,  glyceric  tri- 
nitrate, C3H5(N03)3,  separates  as  a  yellow  oil,  slightly  soluble  in 
water.     This  compound — the  so-called  nitroglycerin — is  violently 


540  GLYCERIN.  [1530- 

explosive,  but  requires  the  fulfilment  of  certain  special  conditions 
for  the  full  development  of  its  explosive  force.  Its  explosion  by 
the  simple  application  of  heat  can  only  be  accomplished  if  the 
source  of  heat  be  applied  for  a  protracted  period  in  such  a  way 
that  chemical  decomposition  is  established  in  some  portion  of  the 
mass,  and  is  favoured  by  the  continued  application  of  heat  to  that 
part.  Under  these  circumstances  the  change  proceeds  with  very 
rapidly  accelerating  violence,  and  the  sudden  transformation  into 
gaseous  products  of  the  heated  mass  ultimately  takes  place — a 
transformation  which  is  instantly  communicated  throughout  the 
mass,  so  that  the  confinement  of  the  substance  is  not  necessary 
to  dev^elop  its  full  explosive  force.  This  result  can  be  obtained 
more  expeditiously  and  with  greater  certainty  by  exposing  the 
substance  to  the  concussive  action  of  a  detonation  produced  by 
the  ignition  of  a  small  quantity  of  fulminating  powder,  closely 
confined  and  placed  either  in  contact  with,  or  in  proximity  to  the 
nitrate  (Abel,  Phil.  Trans.,  1869;  Chem.  Soc.  Journ.,  xxiii.  41). 
It  also  detonates  when  struck.  By  the  action  of  alkalies,  or 
reducing  agents,  glyceric  trinitrate  is  reconverted  into  glycerin ; 
thus,  when  it  is  heated  with  an  aqueous  solution  of  potassic 
hydrate,  glycerin  and  potassic  nitrate  are  obtained,  and  on  mixing 
it  with  a  concentrated  solution  of  hydriodic  acid,  glycerin  is  pro- 
duced with  evolution  of  pure  nitric  oxide  (Mills).  The  lower 
nitrates,  C3H.(OH)(N03)2  and  C3H5(OH)3(N03),  are  probably 
formed  by  the  moderated  action  of  nitric  acid  on  glycerin,  but 
they  are  not  known  in  the  pure  state. 

On  mixing  glycerin  with  concentrated  sulphuric  acid,  hydric 
glyceric  sulphate,  S02(OH).O.C3Hg(OH)2,  is  produced;  and  by 
the  action  of  phosphoric  acid  or  anhydride,  glycerin  is  converted 
into  the  acid  phosphate,  PO(OH)2.0.C3H5(OH)2.  The  latter 
compound  is  of  especial  importance,  as  it  forms,  so  to  speak,  the 
framework  upon  which  all  the  highly  complex  phosphorized  con- 
stituents of  the  brain,  &c.,  are  constructed. 

By  heating  glycerin  with  organic  acids,  ethereal  salts  are  pro- 
duced which  vary  in  composition  according  to  the  proportions  in 
which  the  substances  are  employed,  the  temperature  and  pressure 
to  which  the  mixture  is  subjected,  and  the  time  for  which  the 
heating  is  continued.  These  salts  are  usually  designated  by 
names  formed  from  those  of  the  acids  by  changing  the  termination 
ic  into  in ;  thus  acetic  acid  forms  acetins,  stearic  acid  forms 
stearins,  and  oleic  acid  forms  oleins.  The  normal  salts,  or  salts 
formed  from  glycerin  by  displacing  the  three  atoms  of  hydrogen 
of  the  three  hydroxyl  groups  by  acid  radicles,  produced  by  heating 
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glycerin  witli  acids  such  as   oleic  and    stearic   acid,  are  identical 
with  the  stearin  and  olein  of  natural  fats  and  fixed  oils. 

By  the  action  of  hydrochloric  or  hydro bromic  acid  on  glycerin 
either  one  or  two  of  the  three  hydroxyl  groups  may  be  displaced 
by  chlorine  or  bromine  ;  the  third  may  be  displaced  by  the  action 
of  pentachloride  or  pentabromide  of  phosphorus  (p.  159). 

To  prepare  the  raonochlorhydrin,  CgHgC^OH)^,  glycerin  Is  saturated  with 
hydrochloric  acid  gas,  and  the  solution  maintained  for  some  time  at  100° 
(212°  F.)  ;  it  is  then  submitted  to  fractional  distillation,  the  portion  which 
boils  at  about  225° — 230°  (437° — 446°  F.)  being  collected  apart.  It  is 
not  known  whether  the  product  obtained  in  this  way,  which  is  a  viscid  liquid 
soluble  in  water,  contains  both  the  possible  raonochlorhydrins  of  glycerin,  but  it 
certainly  consists  chiefly  of  cJdoromethylglycol,  CH2C1.CH(0H).CH,(0H), 
as  on  treating  its  aqueous  solution  with  sodium  amalgam  methylglycol, 
CH3.CH(0H).CH^(0H),  is  obtained  (Buff,  Ann.  Chem.  Pharm.  Supp.,  v.  247). 
The  isomeric  compound,  chloro-a-propylenic  glycol,  CH2(OH).CHCl.CH2(OH),  is 
formed  on  mixing  allylic  alcohol  with  a  dilute  aqueous  solution  of  hypochlorous 
acid,  but  the  yield  is  very  small,  as  much  of  the  alcohol  is  oxidized;  it  boils  at 
about  220°  (428  F.)  (Henry,  Deut.  chem.  Ges.  Ber.,  v.  449). 

The  dichlorhydrins  of  glycerin  are  formed  on  heating  a  mixture  of  i  volume 
of  glycerin  and  12  volumes  of  hydrochloric  acid  for  some  time  to  100°  (212°  F.), 
and  then  distilling  the  mixture ;  a  better  method  of  preparation  is  to  saturate  a 
mixture  of  equal  volumes  of  glycerin  and  glacial  acetic  acid  with  hydrochloric 
acid,  finally  at  100°  (212°  F.),  and  to  isolate  the  product  by  fractional  distilla- 
tion. In  this  way  a  mixture  of  the  two  compounds,  CH2C1.CHC1.CII2(0H)  or 
dichloropropylic  alcohol,  and  CH2C1.CH(0H).CH2C1,  or  dichlorisopropylic 
alcohol,  is  obtained,  the  latter  being  the  chief  product,  however  (Hiibner  and 
Miiller,  Ann.  Chem.  Fharm.,  clix.  170);  apparently  the  tendency  for  the  former 
to  be  produced  is  less  the  higher  the  temperature  at  which  the  action  takes  place, 
so  that  if  the  mixture  be  heated  to  about  120°  (248°  F.),  and  saturated  with 
hydrochloric  acid,  almost  pure  dichlorisopropylic  alcohol  is  formed.  An  extremely 
good  method  for  preparing  the  latter  is  to  add  the  chloride  of  sulphur  SgClg  to 
anhydrous  glycerin,  which  is  heated  in  a  salt-bath,  until  no  further  action  takes 
place;  the  liquid  product  is  poured  ofi"  from  the  cake  of  sulphur,  washed  with 
water  and  a  small  quantity  of  sodic  carbonate,  dried,  and  purified  by  distillation 
(Carius).  According  to  Claus  {ibid.,  clxviii.  42),  the  action  which  takes  place  is  ex- 
pressed by  the  equation :  C3H,(OH)3  +  28^01,  -  Cfifi\J^OYL)  +  SO^  +  2HCI  +  38; 
he  recommends  the  addition  of  2000  grams  of  the  chloride  to  800  grams  of 
glycerin  which  has  been  rendered  anhydrous  by  heating  to  195°  {Z^^°  F.)  in  an 
open  dish.  The  product  is  separated  from  the  sulphur  by  ether,  and  the  residue 
left  on  distilling  off  the  ether  is  submitted  to  fractional  distillation.  Dichloro- 
propylic alcohol  is  best  prepared  by  passing  chlorine  into  well  cooled  anhydrous 
aliylic  alcohol;  it  is  a  somewhat  mobile  liquid,  of  the  specific  gravity  i'389  at 
0°  (3  2°  F.),  soluble  in  a  large  quantity  of  water ;  it  boils  at  about  1 8  2°  (3  5  9°-6  F.) 
(ToUens,  ihid.,  clvi.  165 ;  p.  466).  Dichlorisopropylic  alcohol,  like  its  isomeride, 
is  a  colourless  liquid  of  agreeable  odour,  soluble  in  about  nine  times  its  volume 
of  water;  it  boils  at  176°  (348°-8  F.),  and  at  i7°-5  {6f-c^  F.)  has  the  specific 
gravity  1-366.  On  treating  its  aqueous  solution  with  sodium  amalgam,  isopropylic 
alcohol  is  obtained  (Buff),  but  by  the  action  of  sodium  on  its  ethereal  solution, 
allylic  alcohol  is  produced  (Hiibner  and  Miiller) ;  allylic  alcohol  is  obtained 
from  the  isomeric  dichlorhydrin  on  treating  the  aqueous  solution  with  sodium 
amalgam  (ToUens).  The  compound  CH2CI.CH(0H).CH,C1  is  usually  termed 
simply  dichlorhydrin. 
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Both  the  dichlorhydrins  of  glycerin  are  converted  into  the  same  compound — 
the  so-called  epichlorhydrin  or  chloropropylenic  oxide — by  the  action  of  alkalies  : 

CH^Cl  CH.Cl 

I  I 

CH.OH  +  KOH  =  CH 

I  I       V  0     +      KCl   +   OK 


}» 


CH^Cl  CH,  J 

Dichlorisopropjlic  alcohol.  Chloropropylenic  oxide. 

The  best  method  of  preparing  epichlorhydrin  appears  to  consist  in  adding 
gradually  a  nearly  saturated  aqueous  solution  of  300  grams  of  sodic  hydrate  to 
500  grams  of  the  crude  mixture  of  the  two  dichlorhydrins  and  of  chloracetins 
boiling  at  140° — 220°  (284° — 428°  F.),  obtained  by  saturating  a  mixture  of 
glycerin  and  acetic  acid  with  hydrochloric  acid,  and  then  distilling;  the  action, 
which  is  at  first  extremely  violent,  is  completed  by  well  agitating  the  mixture 
and  warming  on  the  water  bath  (Patzschke,  Journ.  jpr.  Cliem.  [2],  i.  82  ; 
Hiibner  and  Miiller,  loc.  cit.).  The  product  is  separated,  washed  with  small 
quantities  of  water,  dried  over  anhydrous  cupric  sulphate,  and  purified  by  frac- 
tional distillation.  It  is  a  colourless,  mobile  liquid,  insoluble  in  water,  possessing 
an  agreeable  odour  like  that  of  chloroform;  it  boils  at  118° — 119°  (244°' 4 — 
246°'2  F),  and  at  11°  (5i°'8  F.)  has  the  specific  gravity  I'i94.  On  heating 
it  with  water  under  pressure,  it  is  converted  into  the  monochlorhydrin  of  glycerin, 
CH2(OH).CH(OH).CH2Cl.  It  readily  combines  'with  hydrochloric  acid  forming 
the  dichlorhydrin  CH2C1.CH(0H).CH2C1,  much  heat  being  developed  on  adding 
a  concentrated  solution  of  the  acid;  the  conversion  is  completed  by  passing 
hydrochloric  acid  gas  into  the  mixture,  and  then  warming  gently  for  some  time. 
In  this  manner  the  pure  dichlorhydrin  may  readily  be  prepared  from  glycerin, 
by  first  preparing  the  mixture  of  dichlorhydrins  and  converting  the  latter  into 
epichlorhydrin.  By  acting  on  an  ethereal  solution  of  epichlorhydrin  with  sodium 
and  treating  the  product  with  water,  Hiibner  and  Miiller  (loc.  cit.,  p.  184)  have 
obtained  a  compound  which  they  regard  as  a  dihydric  alcohol  of  the  composition 
CgHj^(OH)._j ;  but  its  properties  have  not  yet  been  investigated. 

On  heating  dichlorhydrin  with  a  one  per  cent,  alcoholic  solution  of  ammonia 
inclosed  vessels  at  about  105'^  (221°  F.)  the  hydrochlorides  of  two  bases — 
diamidohydrin  and  glycidamine — are  produced,  one  of  which  may  be  regarded 
as  formed  from  dichlorhydrin  by  the  displacement  of  the  two  atoms  of  chlorine 
by  twice  the  group  NH„,  and  the  other  as  bearing  a  similar  relation  to  epichlor- 
hydrin. By  the  action  of  a  4  per  cent,  solution,  however,  a  far  more  complex 
substance,  chlorhydrinimide,  C^^HjyNgCl^O^,  is  formed  ;  this  body  is  remarkable 
on  account  of  its  extreme  stability,  being  unaffected  when  boiled  with  concen- 
trated hydrochloric,  nitric,  or  sulphuric  acid,  or  a  concentrated  solution  of 
potassic  hydrate  (Glaus,  Ann.  Chem.  FJiarm.,  clxviii.  29). 

Dichlorhydrin  is  readily  acted  on  by  bromine  when  heated  with  it  to  about 
100°  (212°  F.)  ;  there  has  been  much  discussion  as  to  the  nature  of  the  product, 
but  from  the  latest  experiments  of  Carius  it  appears  that  it  chiefly  consists  of  a 
dibromodichloracetone,  (?)  CH^Cl.CO.CBr^Cl,  which  is  capable  of  combining  with 
water  to  form  a  crystalline  hydrate  CgH^BrgClg  +  4H2O  [Ann.  Chem.  Fharm., 
civ.  35).  By  reducing  this  hydrate  with  zinc  and  sulphuric  acid,  Lange  has 
obtained  acetone  [Deut.  chem.  Ges.  Ber.,  vi.  98). 

Little  is  known  of  the  bromhydrins  produced  by  the  action  of  hydrobromic 
acid  on  glycerin.  The  dibromhydrin  CH2Br.CHBr.CH,(0H)  is  obtained  by  the 
direct  combination  of  bromine  with  allylic  alcohol  (p.  466),  by  adding  bromine 
to  a  mixture  of  the  alcohol  and  water,  or  by  placing  a  dish  containing  the  neces- 
sary amount  of  bromine  in  a  bell  jar  containing  the  alcohol  and  immersed  mouth 
upwards  in  a  pail  of  water,  the  mouth  of  the  jar  being  covered  with  a  glass 
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plate  ;  the  combination  then  gradually  takes  place.  The  product  must  be  distilled 
in  a  current  of  steam  before  it  is  distilled  alone  (Mijnder  and  Tollens,  Ann.  C/iem. 
Pharm.,  ckvii.  224).  It  is  a  heavy  oily  liquid,  boiling  at  about  212° — 214° 
(4I3°"6 — 4i7°'2  F.)  ;  according  to  Linnemann  (Dew^.  chem.  Ges.  Ber.,  vW. 
858),  the  product  of  the  action  of  bromine  on  allylic  alcohol  in  presence  of  water 
may  be  separated,  by  washing  with  successive  small  quantities  of  water,  into  an 
easily  soluble  and  a  difficultly  soluble  portion  :  the  former  requiring  three  to  four 
times,  and  the  latter  about  34  times  its  volume  of  water  for  complete  solution  ; 
the  nature  of  the  two  substances  has  not  yet  been  ascertained. 

Epibromhydrin,  C^HgBrO,  is  obtained  by  the  action  of  alkalies  on  the 
dibromhydrins  of  glycerin;  it  boils  at  138° — 140°  (28o°'4 — 284°  ¥.).  Epi- 
chlorhydrin  combines  with  hydrobromic  acid  with  great  readiness ;  the  product, 
CH2Cl.CH(0H).CH„Br,  which  resembles  the  dichlorhydrins,  boils  at  197° 
(386°"6  F.),  and  at  12°  (53°*6  F.)  has  the  specific  gravity  1*740.  The  same 
substance  is  obtained  by  combining  epibromhydrin  with  hydrochloric  acid.  Epi- 
chlor-  and  epibromhydrin  also  combine  with  hydriodic  acid,  much  heat  being 
developed  on  mixing  them  with  a  concentrated  solution  of  the  acid ;  the  chloriod- 
hydrin  boils  at  about  226°  (438°*8);  the  bromiodhydrin  cannot  be  distilled 
(Reboul,  A7in.  Chem.  Pharm.  Sujpjp.,  i.  224;  Henry,  Deut.  chem.  Ges.  Ber., 
iii.  351,  6oo)._ 

By  the  action  of  a  mixture  of  concentrated  nitric  and  sulphuric  acids  on  the 
mono-  and  dichlorhydrin  of  glycerin,  the  nitrates  CgH3Cl(N03)2  and 
€3115012(^03)  are  produced  ;  the  former  is  an  oily  liquid,  and  boils  at  180° — 190° 
(356° — 374°  F.j,  but  with  partial  decomposition;  the  latter,  which  is  also 
obtained  by  the  action  of  nitric  acid  on  epichlorhydrin,  is  not  volatile  (Henry, 
iUd.,  p.  347). 

By  heating  a  saturated  solution  of  hydriodic  acid  gas  in  glycerin  for  40 
hours  to  100°  (212"^  F.),  and,  after  removing  the  excess  of  acid  with  an  alkali, 
extracting  the  product  with  ether,  Berthelot  and  Lucca  obtained  a  syrupy  sub- 
stance to  which  they  attribute  the  formula  O^H^  JOg ;  this  may  perhaps  have 
been  the  impure  moniodhydrin  CJ^^iOl^),^.  By  heating  the  dichlorhydrin 
CH2Cl.CH(0H)  Cflg^/l  with  an  aqueous  solution  of  potassic  iodide  to  105° — 1 10* 
(221° — 230°  F.)  it  is  converted  into  the  corresponding  diiodhydrin;  this  com- 
pound is  a  viscid  liquid  of  the  specific  gravity  2*4  at  15°  (59°  F.),  almost 
insoluble  in  water,  and  decomposes  on  distillation.  It  solidifies  when  cooled 
to  about  —  20°  (  —  4°  F.)  (Olaus,  ^w.^,  Chem.  Pharm.,  clxviii.  21).  Epichlor- 
hydrin may  in  a  similar  manner  be  converted  into  epiiodhydrin  by  heating  it 
with  dry  potassic  iodide  to  100°  (212°  F.)  ;  epiiodhydrin  is  a  colourless  mobile 
liquid  of  the  specific  gravity  2'03  at  15°  (55°'4  F.),  and  boils  at  about  160° 
(320°  F.)  (Reboul,  loc.  cit). 

When  submitted  to  the  action  of  iodide  of  phosphorus^  or  of 
a  concentrated  solution  of  hydriodic  acid,  glycerin  yields  a  mix- 
ture of  allylic  and  isopropylic  iodides  with  propylene,  the  propor- 
tions in  which  these  substances  are  formed  being  dependent  upon 
the  proportions  in  which  the  materials  are  employed :  allylic 
iodide  being  chiefly  produced  if  the  glycerin  be  in  excess,  but 
isopropylic  iodide  if  the  acid  or  iodide  of  phorphorus  be  in 
excess*    (Erlenraeyer,    Ann.    Chem.   Pharm.,  cxxxix.    211).      The 


*  According  to  Oppenheim  1500  grams  of  glycerin,  1000  grams  of  iodine, 
and  600  of  phosphorus  furnish  on  an  average  750  grams  of  allylic  iodide  boiling 


544  GLYCERIN.  [^530. 

precise  manner  in  which  the  allylic  iodide  is  formed  has  yet  to 
be  ascertained;  probably,  triiodopropane  is  first  produced,  but 
immediately  decomposes  into  allylic  iodide  and  iodine,  thus  : 

CH2(0H)  CHJ         CHg 

I  III 

CH(OH)  +     3HI    =     3H,0     +    CHI    =    CH    +   L. 
I  "11 

CHglOH)  CHgl         CH2I 

Glycerin.  Triiodopropane.      Allylic  iodide. 

This  reaction  is  obviously  comparable  with  that  which  occurs 
on  adding  potassic  iodide  to  a- solution  of  cupric  sulphate,  cuprous 
and  not  cupric  iodide  being  obtained  in  consequence  of  the  de- 
composition of  the  latter  immediately  on  formation  : 

2CuS0,   +   4KI  =   Cugig    +    I2    +    2K2SO,. 

The  isopropylic  iodide  and  propylene  are  doubtless  both  pro- 
ducts of  secondary  action,  and  in  all  probability  are  formed  from 
the  allylic  iodide  (pp.  161,  207). 

Glycerin  is  very  readily  oxidized  to  carbonic  acid  and  water, 
but  when  carefully  oxidized  by  nitric  acid  it  yields  glyceric  acid 
(Debus)  and  apparently,  under  certain  conditions,  tartronic  acid 
(Sadtler,  Deut.  chem.  Ges.  Ber.,y'\\\.  1456),  together  with  racemic, 
glycolic,  glyoxylic,  oxalic,  and  formic  acids  (Heintz,  Ann.  Chem. 
P harm. J  clii.  325). 

The  relation  of  the  two  first- mentioned  acids  to  glycerin  is  indicated  by  the 
following  formulse  : 

CH,(OH)  CH,(OH)  CO(OH) 

CH(OH)  CH(OH)  CH(OH) 

>  I  I 

CH,(OH)  CO(OH)  CO(OH) 

Glycerin.  Glyceric  acid.  Tartronic  acid. 

The  formation  of  racemic  acid  is  not  yet  satisfactorily  explained.  It  might 
be  supposed  that  it  is  formed  either  by  the  simultaneous  oxidation  of  glyceric 
and  formic  acids  in  the  same  way  that  benzoic  acid  is  produced  by  oxidizing  a 
mixture  of  benzene  and  formic  acids  (p.  260),  thus  : 


at  98°— 103°  C,  200  grams  of  a  mixture  of  isopropylic  and  allylic  iodides 
boiling  at  90° — 98°  C,  and  sufficient  propylene  to  combine  with  about  100 
grams  of  bromine.  For  a  description  of  the  method  of  preparing  allylic  iodide 
from  glycerin  see  Claus,  Ann.  Chem.  Pharm.,  cxxxi.  ^d>,  and  Oppenheim,  ibid. 
Supp.,  vi.  354;  the  best  method,  however,  of  obtaining  it,  is  from  allylic  alcohol 
(p.  207),  as  it  is  impossible  entirely  to  separate  the  two  iodides  by  fractional 
distillation.  The  preparation  of  isopropylic  iodide  is  described  in  Watts' 
Dictionary,  v.  890. 
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COOH 

^H=(OH)  (^H(OH) 

OH(OH)    +    H.COOH    +    (0  +  OH,)    =    \,^^^^^    +    2OH,; 

or  from  two  molecules  of  glycolic  acid  : 

CH,(OH).COOH  CH(OH).COOH 

+    (O  +  OH,)   =    i  +    2OH,. 

CH^(OH).COOH  CH(OH).COOH 

Heintz,  however,  failed  to  obtain  the  acid  in  this  manner ;  but  as  only  a 
single  experiment  to  test  each  of  these  explanations  was  made,  his  want  of 
success  can  scarcely  be  regarded  as  a  proof  that  racemic  acid  cannot  be  produced 
in  accordance  with  either  of  the  reactions  expressed  by  these  equations,  as 
doubtless  special  conditions  are  requisite  for  its  formation  which  may  not  have 
been  secured.  It  is  possible  also  that  racemic  acid  is  a  direct  oxidation  product 
of  glyceric  acid  itself: 

CH2(0H).CH(0H).C00H  CH(OH).C0OH 

+  5(0  +  OH,)  -    i 
CH2(0H).CH(0H).C00H  CH(OH).COOH 

A  possible,  although  perhaps  not  very  probable,  explanation  is  that  it  is  derived 
from  a  foreign  substance  present  in  the  glycerin. 

When  glycerin  is  gently  heated  with  potassic  hydrate^  it  is 
converted  into  potassic  acetate  and  formate^  with  evolution  of 
hydrogen. 

On  distillation  with  phosphoric  anhydride,  or  hydric  potassic 
sulphate,,  it  yields  acrylic  aldehyde  or  acrolein,  CgH^O. 

According  to  Claus  [Deut.  chem.  Ges.  Ber.,  ix.  695),  when  a 
pasty  mixture  of  glycerin  and  zinc  dust  is  submitted  to  distilla- 
tiou,  a  mixture  of  propylene  and  hydrogen  gas  is  evolved,  from  30 
to  45  litres  of  gas,  about  half  consisting  of  propylene,  being 
obtained  from  100  grams  of  glycerin. 

A  number  of  experiments  have  been  made  as  to  the  power  of 
glycerin  to  undergo  fermentation. 

It  was  first  noticed  by  Eedtenbacher  in  1846  that,  when  a  dilute  aqueous 
solution  of  glycerin,  mixed  with  washed  beer  yeast,  was  exposed  to  the  air  at  a 
temperature  of  20° — 30°  (68° — 86°  F.),  the  liquid  after  a  time  became  acid  and 
gas  was  slowly  evolved,  the  yeast  partly  rising  to  the  surface  and  growing 
mouldy.  The  acid  was  neutralized  from  time  to  time  by  sodic  carbonate,  the 
yeast  distributed  through  the  liquid  by  stirring,  and  fresh  water  added  to 
replace  that  lost  by  evaporation  ;  when  the  solution  no  longer  became  acid  on 
standing,  it  was  acidified  with  sulphuric  acid  and  distilled.  From  the  acid 
distillate  a  silver  salt  was  prepared  having  all  the  properties  and  the  composition 
of  that  of  propionic  acid,  CgH^O^,  and  the  mother  liquor  from  this  salt  deposited 
crystals  which  Redtenbacher  regarded  as  a  double  salt  of  argentic  acetate  and 
propionate  (Ann.  Chem.  Pharm.,  Ivii.  174). 
3  N  N 
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Berthelot,  in  1856,  stated  that  a  solution  of  glycerin  undergoes  fei'mentation 
in  presence  of  chalk  and  casein,  or  other  animal  substances,  at  a  temperature  of 
about  40°  (104°  P.),  a  small  quantity  of  alcohol  being  produced.  According  to 
Bechamp  {Compi.  Itend.,  Ixix.  669)  however,  the  product  is  more  complex  :  for  on 
exposing  mixtures  of  250  grams  glycerin  dissolved  in  3000  grams  of  water, 
125  grams  of  chalk,  and  30  grams  of  chopped  mutton,  to  a  temperature  of 
32° — 40°  (95° — 104°  F.)  for  eight  months,  he  obtained  as  the  fermentation 
product  of  about  450  grams  of  glycerin  no  less  than  148  grams  of  anhydrous 
alcohol  mixed  with  higher  homologues,  and  132  grams  of  a  mixture  of  acids; 
the  acids  were  not  specially  identified,  but  from  the  boiling  points  observed  on 
distilling  the'mixture,  Bechamp  considered  that  acetic,  propionic,  butyric,  valeric, 
and  capronic  acids  are  formed. 

Horace  Brown  {private  communication)  finds  that  although  fermentation 
takes  place  when  a  solution  of  commercial  glycerin  is  mixed  with  beer  yeast  and 
chalk,  it  very  soon  ceases,  and  cannot  again  be  excited  by  the  addition  of  more 
veast.  From  this  observation,  it  appears,  not  improbable  that  ordinary  glycerin 
contains  a  small  quantity  of  a  fermentable  substance — a  supposition  which 
derives  support  from  the  fact  that,  according  to  Roos  {Journ.  Chem.  Soc, 
1876,  i.  651),  jowre  glycerin  in  contact  with  washed  German  yeast  undergoes  no 
change.  Fitz  also  states  that  glycerin  does  not  undergo  change  in  contact 
with  ferments  which  excite  alcoholic  fermentation  {^Deut.  chem.  Ges.  Ber.,  ix. 
1348),  but  he  has  found  that  it  rapidly  ferments  in  contact  with  a  species  of 
bacterium,  which  he  has  not  yet  described.  Fitz  employs  a  mixture  of  2000 
pts.  water,  100  pts.  glycerin,  t  pt.  potassic  phosphate,  -5  pt.  magnesic  sulphate, 
20'0  pts.  calcic  carbonate,  and  2*0  pts.  pepsin,  to  which  a  trace  of  the  ferment  is 
added,  exposing  it  to  a  temperature  of  about  40°  (104°  F.).  Vigorous  fermen- 
tation sets  in  within  two  da^^s  at  latest,  and  is  complete  in  ten  days,  carbonic 
anhydride  and  hydrogen  gases  being  evolved;  on  distilling  the  liquid,  &c.,  a 
product  is  obtained  consisting  of  eth}lic  and  normal  primary  butylic  alcohol  in 
the  proportion  of  about  1:5,  and  from  the  residue  in  the  retort,  normal  butyric 
acid  containing  a  small  quantity  of  caproic  acid  is  liberated  on  distillation  with 
hydrochloric  acid.  In  this  manner  7*7  grams  of  butylic  alcohol  and  12*3  grams 
of  anhydrous  calcic  butyrate  were  obtained  from  100  grams  of  glycerin,  so  that 
the  fermentation  of  gl}'cerin  afibrds  a  ready  means  of  preparing  normal  butylic 
alcohol. 

(153 1)  IBolyglyceric  Alcohols. — These  compounds  are  related  to  glycerin 
in  the  same  way  that  the  polyethylenic  alcohols  (p.  512)  are  related  to  glycol. 
They  are  obtained  by  heating  glycerin  with  its  monochlorhydrin,  and  apparently 
are  products  of  the  decomposition  of  glycerin  by  heat.  To  prepare  them,  glycerin 
diluted  with  one-third  its  bulk  of  water  is  saturated  at  100°  (212°  F.)  with 
hydrochloric  acid  gas,  a  quantity  of  glycerin  equal  to  that  at  first  taken  is  added, 
and  the  mixture  heated  to  130°  (266°  F.)  in  a  flask  attached  to  a  reversed  con- 
denser, for  12  to  1 5  hours  ;  on  distilling,  water  and  hydrochloric  acid  pass  over  until 
the  temperature  rises  to  150°  (302*^  F.),  then  between  150°  and  275°  (302°  and 
527°  F.),  a  mixture  of  dichlorhydrin  and  of  the  mono-  and  dichlorhydrins  of 
diglyceric  alcohol.  By  distilling  the  residue  under  a  pressure  of  10  mm.  of 
mercury,  it  is  separated  into  a  portion  boiling  at  220° — 230°  (428'^ — 44^°  F.), 
and  another  boiling  at  275° — 285°  (527° — 545°  F.), — which  constitute  re- 
spectively diglyceric  and  triglyceric  alcohol,  CgH^^Og  and  C^H.^Oj, — leaving  a 
residue  consisting  of  still  more  complex  substances.  Diglyceric  alcohol  is  very 
viscid,  insoluble  in  ether,  soluble  in  hot  but  sparingly  soluble  in  cold  water,  and 
is  dissolved  by  alcohol  in  all  proportions  ;  triglyceric  alcohol  is  a  similar  but 
still  more  viscid  body  (Louren9o,  Comjpt.  Bend.,  lii.  359). 
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(1532)  Amylic  glycerol:^  CgHg(OH)^. — This  compound  was  prepared  by 
Bauer  by  the  following  series  of  reactions  {Jahresh.,  1 861,  p.  664).  Amylenic 
bromide,  CgH^^Br^  (prepared  doubtless  from  the  crude  amy lene  from  fermentation 
amylic  alcohol  and  zinc  chloride),  was  converted  into  bromamylene,  CgHgBr,  by 
the  action  of  an  alcoholic  solution  of  potassic  hydrate,  and  the  latter  compound 
converted  into  the  tribromide  CgH^Brg  by  treatment  with  bromine ;  by  heating 
the  tribromide  with  an  alcoholic  solution  of  argentic  acetate,  the  diacetate 
CgHgBr(C2 1^302)2  was  obtained,  which  was  then  converted  by  saponification  into 
the  bromoglycol  CgHgBr(0H)2 ;  finally,  an  ethereal  solution  of  this  compound 
was  heated  with  potassic  hydrate  in  closed  tubes  on  the  water  bath.  Amyl- 
glycerol  is  stated  to  be  a  viscid  substance,  soluble  in  water,  and  having  a  sweet 
aromatic  taste. 

§  X.  Trihydric  Alcohols  of  the  Cj^H2n_9(OH)3  Series. 

{'^5'^'^)  This  series  includes  the  following  alcohols  : 

Pyrogallol  or  (?)  metatrioxybenzene     .      .     •  1  n  tt  (ry^\ 
Phloroglucol  or  (?)  paratrioxybenzene  .      .     .  /     ^    ^  * 

Dimethylmetatrioxybenzene CgH(CH3)2(OH)g 

Phenylglycerol C,I1,.C,H,(0H)3 

Propylmethylmetatrioxybenzene      ....     CgHy.CgH(CH3)(OH)3. 

(1534)  Pyrogallol;  Pyrogallic  Acid :  CgH^(0H)3.  (?)  Meta- 
trioxybenzene (OH  :  OH  :  OH  =1:2:  4). — This  compound 
is  the  product  of  the  decomposition  of  gallic  acid  by  heat : 
CgH2(OH)3.COOH  =  CgH3(OH)3  +  CO^. 

It  may  be  obtained  by  heating  a  dried  aqueous  extract  of  galls  in  a  shallow 
pan  covered  with  a  sheet  of  filtciing  paper,  over  which  a  cone  of  ordinary  paper 
is  pasted,  the  temperature  being  maintained  as  nearly  as  possible  at  about 
180°  (356°  F.)  for  several  hours  ;  a  yield  of  about  5  per  cent,  is  thus  obtained. 
According  to  Liebig  {Ann.  Chem.  Pharm  ,  ci.  47),  the  best  method  of  prepar- 
ing it  is  to  heat  gallic  acid  mixed  with  twice  its  weight  of  coarsely  powdered 
pumice  in  a  retort  through  which  a  current  of  dry  carbonic  anhydride  is  passed  : 
30  to  32  parts  of  pyrogallol  are  in  this  way  obtained  for  every  100  parts  of  gallic 
acid  employed.  De  Lujmes  and  Esperandieu,  however,  state  that  the  theoretical 
amount  of  pyrogallol  may  be  obtained  from  gallic  acid  by  heating  it  with  twice 
or  thrice  its  weight  of  water  to  200° — 210°  (392° — 410°  F.)  in  a  bronze 
Papin's  digestor  for  about  half  an  hour  ;  the  solution  from  the  digestor  is  boiled 
with  a  little  animal  charcoal,  evaporated  to  dryness,  and  the  residue  distilled 
under  a  pressure  of  20 — 30  mm.  of  mercury  [ihid ,  cxxxviii.  60). 

By  heating  diiodosalicylic  acid,  CgH2l2(OH).COOH,  with  a  very  concentrated 
aqueous  solution  of  potassic  hydrate,  Lautemaun  {ihid.,  cxx.  299)  obtained  a 
product  which  he  regarded  as  a  mixture  of  gallic  acid  and  pyrogallol,  and  by 
subliming  this  he  obtained  a  substance  exhibiting  all  the  properties  of  pyrogallol, 
but  the  quantity  was  too  small  for  analysis.  From  Demole's  experiments  {Deut. 
chem.  Ges.  Ber.,  vii.    1439),  it   appears   that   Lautemann's   diiodo-acid    (m.p. 


*  The  termination  ol  may  conveniently  be  employed  for  alcohols  generally, 
and  its  use  restricted  to  alcohols.  Further,  just  as  the  homologues  of  methylic 
alcohol  and  monohydric  alcohols  having  similar  properties  are  termed  carhinols, 
and  dihydric  alcohols  allied  to  glycol  are  termed  glycols,  so  we  may  term, 
trihydric  alcohols  related  to  glycerol  (glycerin)  glycerols,  tetrahydric  alcohols 
resembling  erythrol  (erythrite)  in  their  properties  erythrols,  &c.  &c. — [Eds.] 

N  N  2 
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212°  C.)  was  Impure,  and  according  to  this  chemist  the  purified  acid  melting  at 
2  20° — 230°  (428° — 446°  F.)  does  not  yield  gallic  acid  or  pyrogallol  on  treat- 
ment with  potassic  hydrate,  but  a  mixture  of  the  two  dioxy benzoic  acids — 
oxysalicylic  acid  and  protocatechuic  acid. 

According  to  Petersen. and  Baehr-Predari  {Ann.  Chem.  Pharm.y 
clvii.  I '^6),  pyrogallol  is  formed  on  heating  the  potassium  salt 
of  parachlorophenolorthosulphonic  acid,  CgH3Cl(OH).S03H,  with 
potassic  hydrate  at  about  160    (320    F.)  &c. 

Pyrogallol  crystallizes  in  long,  colourless,  flattened  prisms, 
bitter  to  the  taste,  soluble  in  2 J  pts.  of  water  at  12°  {S^°'^  ^0  y 
it  melts  at  115°  (239°  F.),  and  may  readily  be  distilled  under  re- 
duced pressure.  On  heating  to  about  250°  (482^  F.)  it  loses  the  ele- 
ments of  water  and  is  converted  into  the  so-called  metagallic  acid,  a 
black  amorphous  substance,  insoluble  in  water  but  soluble  in  alkalies. 

When  passed  over  heated  zinc  dust,  pyrogallol  is  reduced  to 
benzene  (Baeyer).  Pyrogallol  has  very  feeble  acid  properties,  its 
solution  being  rendered  alkaline  by  the  addition  of  the  smallest 
quantity  of  an  alkali.  On  passing  ammonia  into  an  ethereal  solu- 
tion of  pyrogallol,  a  white  crystalline  precipitate  of  the  ammo- 
nium derivative  CgH3(OH)2(ONHJ  is  produced  (De  Luynes  and 
Esperandieu)  ;  an  aqueous  solution  acidulated  with  acetic  acid 
yields  a  precipitate  on  the  addition  of  plumbic  acetate  which, 
after  drying  first  over  sulphuric  acid,  and  then  at  t20°  (248°  F.) 
in  a  current  of  dry  hydrogen,  has  the  composition  C^gHgoPbOg, 
(C2H302)2Pb  (Deering,  Chem.  Soc.  Journ.,  xxvi.  702)  ;  the  anti- 
mony derivative  CgH3(OH)2(O.SbO)  separates  in  glistening  plates 
on  adding  a  moderately  concentrated  solution  of  pyrogallol  to  a 
boiling  solution  of  tartar  emetic.  Pyrogallol  dissolves  in  acetic 
chloride,  being  converted  into  the  triacetate  CgH3(C2H302)3 ;  this 
compound  forms  small  white  crystals  almost  insoluble  in  cold 
water,  but  soluble  in  alcohol. 

When  bromine  is  added  to  an  aqueous  solution  of  pyrogallol, 
it  is  oxidized,  but  the  nature  of  the  reaction  has  not  yet  been  inves- 
tigated. On  adding  dry  bromine  to  dry  pyrogallol,  or  to  its 
solution  in  glacial  acetic  acid,  however,  it  is  converted  into  tri^ 
bromopyrogallol,  CgBr3(OH)3.  This  compound  is  very  sparingly 
soluble  in  cold  water,  more  soluble  in  hot  water,  but  is  decom- 
posed by  long  boiling ;  it  crystallizes  from  alcohol  in  large  prisma 
containing  a  molecule  of  water.  On  treatment  with  bromine  in 
presence  of  water  it  is  converted  into  a  yellow  crystalline  sub- 
stance, xanthogallol,  Q^^fiv^p^,  of  unknown  constitution  (Sten- 
house,  Chem.  Soc.  Journ.,  xxviii.  i).  Neither  nitro-  nor  chloro- 
derivatives  of  pyrogallol  are  known,  but  by  the  action  of  chlorine 
on  a  solution   of  pyrogallol  in  glacial  acetic  acid,  two  complex 
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chlorinated  compounds^  mairogalloly  C^gH^Cl^^O^o,  and  leucogallol, 
CjgHjQCljgOj^,  are  obtained  (Stenhouse  and  Groves,  ibid.j  xxviii. 
704).  By  warming  pyrogallol  with  anhydrosulphuric  acid  it  is 
converted  into  the  monosul phonic  acid  CgH2(OH)3.S03H  (Schiff, 
Deut.  chem.  Ges.  Ber.,  v.  66^ — 1055) ;  according  to  Personne 
(ibid.,  vi.  1419),  pyrogallol  furnishes  a  disulphonic  acid  on  treat- 
ment with  concentrated  sulphuric  acid. 

Pyrogallol  is  very  readily  oxidized,  and  although  the  dry  sub- 
stance does  not  change  when  exposed  to  the  air,  its  solution 
absorbs  oxygen,  turning  brown ;  an  aqueous  solution  of  potassic 
hydrate  and  pyrogallol  absorbs  oxygen  with  such  avidity  that  it  is 
often  employed  for  removing  that  element  from  gaseous  mixtures. 
Calvert,  Cloez,  and  Boussingault  (Ann.  Chem.  Pharm.,  cxxx.  348) 
have  shown  that  in  the  oxidation  of  an  alkaline  solution  of  pyro- 
gallol a  small  quantity  (from  i  to  nearly  4  per  cent,  of  the  oxygen 
absorbed)  of  carbonic  oxide  gas  is  produced,  the  amount  depending 
upon  the  concentration  and  the  intensity  of  the  action  :  more 
being  formed  when  pure  oxygen  is  employed  than  when  it  is  mixed 
with  an  indifferent  gas.  By  the  continued  action  of  oxygen  or 
ozone  on  the  alkaline  liquid,  the  dark  colour  after  a  time  becomes 
reddish-yellow  and  then  yellow;  Boeke  (Deut.  chem.  Ges.  Ber.j 
vi.  486)  has  found  that  if  a  solution  of  10  grams  of  pyrogallol 
and  13*33  g^'ams  of  potassic  hydrate  be  submitted  in  small  por- 
tions to  the  action  of  a  stream  of  ozonized  oxygen  until  it  becomes 
reddish -yellow — an  operation  which  requires  several  weeks — -a 
strongly  alkaline  liquid  is  obtained,  which  evolves  carbonic  anhy- 
dride on  the  addition  of  acetic  acid,  the  amount  of  acetic  acid 
required  to  neutralize  it  indicating  that  the  acid  formed  is  suffi- 
cient to  neutralize  two -thirds  of  the  potassic  hydrate  employed. 
On  the  addition  of  plumbic  acetate  to  the  slightly  acid  solution 
a  precipitate  was  produced  from  which  he  obtained  a  crystalline 
acid  of  the  composition  CgHgO^.  When  a  solution  of  pyrogallol 
is  cautiously  treated  with  argentic  nitrate,  potassic  permanganate, 
or  chromic  acid,  orange-red  flocks  are  obtained,  which  on  crystal- 
lization from  alcohol,  or  sublimation,  yield  deep  red  needles  of 
purpurogallin  or  oxypyrogalloquinone  (Girard,  Compt.  Rend.,  Ixix. 
865 ;  Wichelhaus,  Deut.  chem.  Ges.  Ber.,  v.  846  ;  Strave,  Ann. 
Chem.  Pharm.,  clxiii.  160).  This  substance  dyes  mordanted 
fabrics  somewhat  like  alizarin,  bat  the  colours  are  dull ;  its  rela- 
tion to   quinone  and  to  pyrogallol  is  indicated  by  the  formula 

CgH3(0H)  I  f^r^r^^r/\r,Trb'     Nitric    acid    converts    pyrogallol 
into  oxalic  acid. 
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Pyrogallol  reduces  the  salts  of  gold  and  silver,  and  on  this 
account  is  extensively  employed  in  photographic  operations  for 
the  purpose  of  developing  the  latent  image  on  the  argentiferous 
collodion  film  after  it  has  been  exposed  to  the  action  of  light. 
With  a  solution  of  ferrous  containing  traces  of  ferric  sulphate,  it 
gives  a  characteristic  indigo  blue  colour,  which  rapidly  becomes 
green  and  then  red.  When  a  solution  of  pyrogallol  is  added  to 
milk  of  lime,  a  beautiful  purple  colour  is  produced,  which  soon 
becomes  of  a  dirty  brown,  forming  a  delicate  and  characteristic 
test  for  the  presence  of  pyrogallol. 

(1535)  Phloroglucol  ;  Phloroglucin  :  CgH3(OH)3.  (?)  Para- 
trioxy benzene  (OH  :  OH  :  OH  =  1:3:  5). — This  isomeride  of 
pyrogallol  is  formed  by  the  action  of  fused  potassic  hydrate  on  a 
great  variety  of  substances,  amongst  which  may  be  mentioned 
phloretin,  quercetin,  moritannic  acid,  horse  chestnut  tannin, 
catechin,  scoparin,  luteolin,  dragon''s  blood  and  gamboge.  It  was 
first  obtained  by  Hlasiwetz  in  1855  from  phloretin ;  according  to 
Schiff  {Ann.  Chem.  Pharm.^  clxxii.  ^S^)y  it  is  best  prepared  from 
this  compound  in  the  following  manner  : 

Twenty  grams  of  phloretin  and  150  cc.  of  a  solution  of  potassic  hydrate  of  the 
specific  gravity  i"20  are  heated  in  a  flask  attached  to  a  reversed  condenser  for  about 
three  hours ;  the  cooled  liquid  is  then  poured  into  a  litre  cylinder  in  which  all 
the  remaining  operations  are  effected.  It  is  exactly  neutralized  with  sulphuric 
acid,  a  very  slight  excess  of  sodic  bicarbonate  is  added,  and  the  phloroglucol 
extracted  by  agitating  the  solution  with  an  equal  volume  of  ether,  the  extraction 
with  ether  being  repeated  four  times.  If  an  excess  of  sulphuric  acid  be  then 
added,  the  phloretic  acid,  which  is  the  complementary  product  of  the  action  of 
the  alkali  on  phloretin,  may  be  extracted  in  a  similar  manner. 

On  distilling  off  the  ether,  nearly  colourless  phloroglucin  remains  ;  it  may  be 
decolorized  and  purified  by  dissolving  in  water,  and  adding  a  small  quantity 
of  plumbic  acetate,  and  passing  sulphuretted  hydrogen  through  the  solution  j 
it  is  then  extracted  by  ether,  and  recrystallized  from  ether  or  water. 

The  best  material  for  the  preparation  of  phloroglucol,  accord- 
ing to  Hlasiwetz  {ibid.,  cxxxiv.  122),  is  kino,  100  grams  (?  1000 
grams)  of  which  gave  92  grams  of  phloroglucin. 

It  separates  from  its  aqueous  solution  in  large  trimetric 
prisms  of  the  composition  CgHgOg,  2OH2,  which  eflaoresce  in  dry 
air  and  are  rendered  anhydrous  by  heating  to  90°  (194°  F.) ;  the 
anhydrous  substance  melts  at  about  220°  (428°  F.),  and  may  be 
sublimed  at  a  higher  temperature  without  decomposition.  It 
has  a  sweeter  taste  than  cane  sugar,  and  is  readily  soluble  in  ether, 
less  so  in  water  or  alcohol.  On  mixing  an  alcoholic  solution  of 
potassic  hydrate  with  a  concentrated  alcoholic  solution  of  phloro- 
glucol, a  potassium  derivative   separates   as  an   oily  mass^  which 
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becomes  crystalline  after  a  time ;  its  composition  lias  not  yet 
been  ascertained.  Basic  plumbic  acetate  produces  a  white  pre- 
cipitate of  the  composition  CgH3(OH)(O.PbOH)2  in  solutions  of 
phloroglucol.  Acetic  and  benzoic  chlorides  readily  act  on  it, 
forming  the  compounds  CgH3(C3H.^02)3,  and  C^H^iC^lifi^)^.  It 
dissolves  in  ammonia  solution,  and  if  the  liquid  be  allowed  to 
evaporate  spontaneously,  glistening  crystals  of  phloramiiie, 
CgH3(OH)2(NH3),  are  obtained  ;  the  same  compound  is  formed 
by  the  action  of  gaseous  ammonia.  On  adding  bromine  to  a 
concentrated  aqueous  solution  of  phloroglucol,  the  tribromo-deri- 
vative  CgBr3(OH)3  separates  as  a  crystalline  pulp;  it  is  very 
slightly  soluble  in  cold  water,  easily  in  alcohol,  crystallizing  from 
the  latter  in  long  prisms  of  the  compositions  CgH3Br303,30H2, 
which  lose  their  water  of  crystallization  at  ioo°  (212°  F.).  On. 
passing  chlorine  into  a  cold  aqueous  solution  of  phloroglucol, 
dichloracetic  acid  is  obtained  (Hlasiwetz  and  Habermann,  ibid.t 
civ.  132)  : 

CgFl3(OH)3  +  6CI2  +  3OH2  =  3CHCI2.COOH  +  6HC1.  - 
Nitric  acid  acts  violently  on  phloroglucol  and  readily  converts  it 
into  oxalic  acid,  but  by  gradually  adding  it  to  the  somewhat 
dilute  slightly  warmed  acid,  it  is  converted  into  trinitrophlorO' 
glucol,  Cg(N02)3(OH)3 ;  it  crystallizes  from  water,  in  which  it  is  only 
slightly  soluble  when  cold,  in  reddish-yellow  glistening  scales  and 
plates  (Hlasiwetz,  ibid.,  cxix.  199).  Phloroglucol  is  readily  con- 
verted by  warming  with  phosphoric  oxychloride  into  phloroglucid 
CjgHjQO.  (Schiff,  ibid.,  clxxii.  358)  ;  this  compound  crystallizes 
with  two  molecules  of  water  in  colourless  scales,  slightly  soluble 
in  warm  water  and  in  alcohol,  insoluble  in  ether  (Hlasiwetz). 
Phloroglucol  is  converted  into  a  crystalline  monosulphonic  acid 
by  the  action  of  the  theoretical  amount  of  anhydrosulphuric 
acid  (Schiff,  Deut.  chem.  Ges.  Ber.,  vi.  26). 

Phloroglucol  reduces  argentic  nitrate,  especially  if  ammonia 
be  added,  and  also  an  alkaline  cupric  solution ;  it  gives  a  deep 
violet-red  coloration  with  ferric  chloride.  By  the  action  of 
nitrous  acid  it  is  converted  into  phlore'in,  C^gHgO-,  which  dissolves 
in  alkalies  forming  a  deep  purple  coloured  solution  (Benedikt, 
Deut.  chem.  Ges.  Ber.,  vii.  445).  When  dilute  solutions  of 
phloroglucol  and  of  aniline  or  toluidine  nitrate  are  mixed,  and  a 
solution  of  potassic  nitrate  is  added,  the  liquid  which  is  at  first 
clear  becomes  after  a  time  turbid  and  of  a  brownish-yellow 
colour,  then  orange-red,  and  finally  a  vermilion-red  precipitate 
is  produced  (Weselsky,  ibid.,  ix.  216).  This  reaction  affords  an 
extremely  delicate  test  for  phloroglucol. 
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Constitution  of  pyrogallol  and  phloroglucol. — Although  at  present  no 
direct  proof  of  the  constitution  of  these  compounds  can  be  advanced,  there  is 
little  doubt  that  their  relation  to  benzene  may  be  expressed  in  the  following 


manner : 


^.OH  HO/^'^OH 


OH 

Pyrogallol  or  Phloroglucol  or 

metatrioxybenzene.  paratrioxybenzene. 

Perhaps  the  most  conclusive  evidence  in  favour  of  the  assumption  that  pyro- 
gallol is  metatrioxybenzene  is  derived  from  its  behaviour  on  oxidation,  whereby 
it  is  converted  into  a  quinone  derivative.  This  conclusion  is  also  in  accordance 
with  its  formation  from  gallic  acid  (q.v.),  and  from  parachlorophenolorthosul- 
phonic  acid  (p.  548),  although  on  account  of  the  frequent  occurrence  of  isomeric 
change  on  fusing  compounds  with  potassic  hydrate,  no  great  weight  can  be  at- 
tached to  this  evidence.  No  proof  has  yet  been  given  even  that  phloroglucol  is 
derived  from  benezene,  but  Korner  (Gazetfa  chimica  italiana,  1874,  iv.  425), 
incidentally  refers  to  the  formation  of  phloroglucol  derivatives  from  the  nitro- 
derivatives  of  paratribromobenzene,  and  the  entire  behaviour  of  phloroglucol  is  in 
accordance  with  the  assumption  that  it  is  paratrioxy benzene.  Its  conversion 
into  dichloracetic  acid  by  the  action  of  chlorine  in  presence  of  water  is  obviously 
analogous  to  that  of  the  para-modification  of  trimethylbenzene, — mesitylene,  into 
acetic  acid  on  oxidation  (p.  288),  and  may  be  regarded  as  evidence  that  it  is  a 
member  of  the  same  series  of  derivatives  as  mesitylene. 

(1536)  Dimethylmetatrioxyhenzene ;  Trioxymetaxylene :  CgH(CHg)2(0H)g. 
— This  compound  is  obtained  by  the  action  of  a  warm  aqueous  solution  of  sul- 
phurous acid  on  oxymetaxyloquinone  (q.v.),  CgH(CHj2(OH)02.  It  separates 
from  an  aqueous  solution  in  large  tabular  crystals,  containing  a  molecule  of  water 
of  crystallization,  which  is  expelled  by  heating  to  80^  (176°  F.) ;  the  hydrated 
substance  melts  at  89°  (i92°-2  F.),  but  when  anhydrous  it  melts  at 
122°  (25i°'6  F,).  It  is  moderately  soluble  in  cold,  and  very  soluble  in  hot 
water;  oxidizing  agents  very  readily  reconvert  it  into  the  quinone,  and  on 
allowing  the  aqueous  solution  to  evaporate  spontaneously  the  dark  coloured 
quinhydrone  is  formed.  When  distilled  over  heated  zinc  dust  it  is  reduced  to 
metaxylene,  (^^^QiE.^^.  Acetic  chloride  converts-  it  into  the  diacetate 
€(,11(0113)2(0^11302)3,  which  crystallizes  from  alcohol  in  large  glistening  prisms, 
insoluble  in  water,  but  very  soluble  in  hot  alcohol ;  it  melts  at  99°  (210°- 2  F.). 
(Fittig  and  Siepermann,  Ann.  Chem.  Tharm.,  clxxx.  37). 

(1537)  Phenylglycerol :  C^H^.CH(OH).0H(OH).CH2(OH).— This  alcohol 
IS  obtained  by  heating  the  bromide  formed  by  combining  cinnamic  alcohol  with 
bromine  (p.  395)  with  water  and  argentic  acetate  in  open  vessels  for  forty- eight 
hours;  the  solution  freed  from  silver  by  sulphuretted  hydrogen,  concentrated,  and 
then  exposed  in  vacuo  over  sulphuric  acid  leaves  the  phenylglycerol  as  a  pale 
yellow  gummy  mass,  excessively  soluble  in  water  and  alcohol,  of  a  distinct  bitter 
taste  (Grimaux,  Compt  Rend.,  Ixxvi.  1598). 

(1538)  Propylmethylmetatrioxyhenzene  :  C3H,«.0gH(CH3)(0H)3.  —  This 
trioxycymene  appears  to  be  formed  on  treating  oxjthymoquinone  with  tin  and 
hydrochloric  acid;  it  is  very  readily  reconverted  into  the  oxyquinone  on  exposure 
X)f  its  solution  to  the  air  (Carstanjen,  Journ.  pr.  Chem.  [2],  iii.  61). 

^1539)   Trioxpiaphthalene ;  Q^^^JS^H)^,  is  formed  in  a  similar  manner 
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from  oxynaphtKaquinone  (q.v.) ;  it  crystallizes  in  yellow  needles,  less  soluble  in 
water  than  in  alcohol  or  ether.  It  is  very  readily  oxidized,  and  therefore  acts 
as  a  powerful  reducing  agent ;  an  alkaline  solution  becomes  red  on  exposure  to 
the  air,  absorbing  oxygen,  the  metallic  derivative  of  the  oxyquinone  being  formed 
(comp.  p,  499 ;  Graebe  and  Ludwig,  Ann.  Chem.  Pharm.,  dliv.  324). 


§  XI.  Tetrahydric  Alcohols. — Alcohols  of  the 
C„H2,_2(OH),  Series. 

At  present  only  two  tetrahydric  alcohols  are  known — viz._j 
erythrol  or  erythrite,  the  tetrahydroxyl  derivative  of  the  paraffin 
normal  tetrane,  and  naphtherythrol,  Cj(jHg(OH)^. 

(1540)  Erythrol  or  Erythrite  ;  Erythromannite  or  Phycite  : 
C4Hg(OH)4  or  CH2(0H).CH(0H).CH(0H).CHij(0H).— This  sub- 
stance exists  ready  formed  in  the  alj^a  protococcus  vulgaris,  and 
may  also  be  obtained  from  the  orsellinates  of  erythrite,  picro- 
erythrin  or  erythrin,  the  latter  of  which  occurs  in  some  species  of 
orchella  weed,  such  as  Roccella  tinctoria  and  R.  fuciformis. 

It  is  prepared  from  erythrin  by  boiling  it  with  water  and  excess  of  lime  in 
the  manner  already  described  when  treating  of  the  preparation  of  orcin  (p.  528). 
After  the  solution  has  been  neutralized  and  evaporated  to  dryness  at 
100°  (212°  F.),  the  solid  mixture  of  orcin  and  erythrite  is  broken  up  and  treated 
with  strong  alcohol,  which  readily  dissolves  the  orcin,  but  leaves  the  erythrite, 
the  latter  being  but  slightly  soluble  in  alcohol.  The  impure  erythrite  can 
readily  be  obtained  pure  and  colourless  by  two  or  three  crystallizations  from 
boiling  water,  with  the  addition  of  some  animal  charcoal. 

It  crystallizes  in  large  colourless  quadratic  prisms,  which 
are  insoluble  in  ether,  but  dissolve  very  readily  in  water,  and 
sparingly  in  cold  alcohol ;  it  melts  at  120°  (248°  F.),  but  cannot 
be  distilled  without  undergoing  decomposition ;  erythrol  does  not 
reduce  alkaline  solutions  of  cupric  salts,  and  is  not  fermentable 
by  yeast.  It  possesses  but  a  feebly  sweet  taste.  It  is  dissolved  by 
concentrated  nitric  acid,  being  converted  into  the  nitrate 
C4Hg(N03)^,  which  may  be  separated  by  the  addition  of  concen- 
trated sulphuric  acid,  and  purified  by  washing  with  cold  water, 
and  crystallization  from  alcohol ;  it  forms  large  shining  colour- 
less laminae,  which  melt  at  61°  (i4i°*8  R),  and  detonate  by  per- 
cussion or  when  heated.  When  treated  with  ammonic  sulphide, 
erythrol  is  regenerated.  By  heating  erythrol  with  concentrated 
hydrochloric  or  hydrobromic  acid  to  100 — 110°  (212° — 230°  F.), 
it  is  converted  into  the  compounds  C^}iQC\^{Oll)^  and 
C^HgBr2(OH)2.  The  dichlorhydrin  forms  colourless  crystals, 
very  soluble  in  water,  which  melt  at  145^  (293°  F.)  (De  Luynes)  ; 
on  treatment  with  a  mixture  of  concentrated  nitric  and  sul- 
phuric acids  it  yields  the  dinitrate  C4HgCl3(N03)3,  which  melts 
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at  60°  (140°  F.),  and  lias  properties  similar  to  those  of  the  dini- 
trate  derived  from  the  dibromhydrin.  The  dibromhydrin  is 
stated  to  be  insoluble  in  water;  it  melts  at  130°  (266°  F.).  The 
dinitrate  C4HgBr2(N03)2  is  insoluble  in  water,  but  crystallizes 
from  alcohol  in  long  white  needles,,  melting  at  75°  (167°  F.) ; 
it  does  not  detonate  when  struck  (Champion,  Compt.  Rend., 
Ixxiii.  114). 

When  erythrol  is  distilled  with  a  concentrated  solution  of 
hydriodic  acid,  it  is  converted  into  y-iodotetrane  or  secondary 
butylic  iodide,  CHg.CHI.C^Hg. 

By  exposing  a  dilute  aqueous  solution  to  air  in  contact  with  pla- 
tinum black,  erythritic  acid,  CH2(0H).CH(0H).CH(0H).C00H, 
is  produced.  When  heated  with  potassic  hydrate  at  about  240° 
(464°  F.),  erythrol  furuishes  potassic  oxalate  and  acetate  with 
evolution  of  hydrogen. 

On  distilling  erythrol  with  formic  acid  it  undergoes  a  decom- 
position similar  to  that  of  glycerin,  the  monoformin  which  is  first 
produced  being  converted  into  water,  carbonic  anhydride,  and  a 
glycol  of  the  formula  CJi^{0}l)^,  which  at  present  is  the  only 
representative  of  the  CnH2n_2(OH)2  series.  This  glycol  is  a 
colourless  thick  liquid,  soluble  in  water,  and  boils  at  about 
200°  (392°  F.) ;  it  combines  directly  with  bromine ;  its  diacetate 
boils  at  about  202°  (395°*6  F.)  (Henninger,  Deut.  chem.  Ges.  Ber., 
V.  1059  '}  comp.  p.  219). 

(1541)  Naphtheettheol  ;  Naphthalene  Alcohol:  CjgHg(OH)^. — This 
alcohol  is  obtained  by  warming  a  solution  of  the  compound  CjQHgCl2(OH)2, 
formed  by  the  combination  of  naphthalene  with  bypochlorous  acid,  with  potassic 
hydrate,  and  extracting  by  ether.  It  crystallizes  in  prisms,  which  rapidly  turn 
brown ;  and  decomposes  when  distilled.  It  is  only  slightly  soluble  in  water,  but 
easily  in  alcohol  and  ether,  and  dissolves  with  brown  colour  in  an  aqueous  solution 
of  potassic  hydrate.  It  furnishes  metallic  derivatives  when  silver  or  lead  salts,  &c., 
are  added  to  the  alcoholic  solution  mixed  with  a  little  ammonia.  It  is  stated  that 
the  solution  of  the  alcohol  in  warm  very  dilute  nitric  acid  leaves  on  evaporation 
yellow  prisms  of  an  acid  of  the  composition  C^fifi^  (Neuhoff,  Ann.  Chem. 
JBharm.y  cxxxvi.  342). 

§  XII.   Pentahydric  Alcohols  of  the  CjiH2n_3(OH)5  Series. 

Quercite,  CgH^gOg,  has  been  shown  to  be  a  pentahydric 
alcohol,  and  it  is  not  improbable  that  pinite,  and  the  so-called 
isodulcite,  which  are  isomeric  with  quercite,  are  also  pentahydric 
alcohols. 

(1542)  Quercitol  or  Qitercite  :  CgH^(0H)5. — This  sub- 
stance is  contained  in  acorns  ;  to  prepare  it,  the  aqueous  extract 
of  bruised  acorns  is  freed  from  dissolved  tannic  acid  by  heating 
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it  witli  lime,  the  filtrate  is  left  to  ferment  with  yeast  to  remove 
sugar,  and  the  filtered  liquid  is  then  evaporated  to  a  syrup,  the 
crystals  which  separate  after  a  time  being  recrystallized  from 
water  or  from  weak  alcohol.  Quercitol  forms  hard  monoclinic 
prisms,  sweet  to  the  taste ;  it  does  not  alter  even  at  215  (419  F.), 
but  melts  at  235°  (455°  F.)  When  heated  with  an  excess  of  acetic 
anhydride  to  100° — 120°  (212 — 248°  F.)  it  is  converted  into  the 
pentacetate  CgH^(C2H302)5 ;  acetic  chloride  is  without  action  at 
its  boiling  point,  but  also  converts  the  alcohol  into  the  pent- 
acetate  when  heated  with  it  in  closed  vessels  to  100°  (212°  F.). 
Di-  and  tetracetates  may  be  obtained  by  the  action  of  limited 
quantities  of  the  anhydride.  These  acetates  are  all  extremely 
hygroscopic;  the  pentacetate  melts  at  37° — 43°  {g^'^'6 — 109°*4 F.). 
On  treatment  with  a  mixture  of  concentrated  nitric  and  sul- 
phuric acids^  quercitol  is  converted  into  the  pentanitrate 
CgHy(N03)5.  A  concentrated  solution  of  hydrochloric  acid  is 
entirely  without  action  on  quercitol  even  at  100°  (212°  F.).  On 
oxidation  with  dilute  nitric  acid,  or  with  bromine  and  water,  it 
appears  to  furnish  only  oxalic  acid  and  carbonic  anhydride  (Homann, 
Deut.  chem.  Ges.  Ber.,  viii.  1039;  and  Dissertation,  Wiirzburg). 
Most  remarkable,  however,  is  the  behaviour  of  quercitol  with 
hydriodic  acid,  which  reduces  it  to  benzene  (Prunier,  Compt. 
Rend.,  Ixxxii.  1 1 1 3).  From  this  it  is  probable  that  the  constitution 
of  quercitol  is  represented  by  one  of  the  following  formulae  : 
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(1543)  Pmife :  C^K^fi^. — Finite  is  a  crystalline  substance  contained  in 
the  sap  of  the  Finns  lamhertiana  of  California.  It  is  deposited  from  the 
aqueous  extract  of  the  hardened  juice  in  hard  white  nodules.  It  melts  above 
150°  (302°  F.),  is  very  soluble  in  water,  slightly  in  alcohol,  and  has  a  very 
sweet  taste  ;  like  quercitol  it  is  not  fermentable,  and  does  not  reduce  an  alkaline 
cupric  solution.  It  is  an  optically  active  substance,  its  rotatory  power,  according 
to  Berthelot,  being  [a]j  =  +  58""6.  In  its  general  behaviour  it  appears  closely 
to  resemble  quercitol,  and  like  the  latter  is  a  body  of  considerable  stability,  but 
scarcely  anything  is  known  of  its  derivatives. 

(1544)  Isodulcite :  Gfi^fi^  +  OH^.— This  body  is  produced  by  the  de- 
composition of  quercitrin,  a  substance  contained  in  quercitron   bark,  under  the 
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influence  of  acids.  It  crystallizes  with  great  facility  In  large  well-forraed 
crystals  resembling  those  of  cane  sugar,  sweet  to  the  taste,  and  very  soluble  in 
water;  the  solution  is  dextrorotatory.  It  melts  with  loss  of  water  between  105° 
and  110°  (221°  and  230°  F.).*  Isodulcite  reduces  an  alkaline  cupric  solution, 
its  reducing  power  being  almost  equal  to  that  of  grape  sugar ;  it  is  not  ferment- 
able. On  treatment  with  a  mixture  of  concentrated  nitric  and  sulphuric  acids, 
it  is  converted  into  a  nitrate  of  the  composition  CgHg02(NOg)3  (Hlasiwetz  and 
Pfaundler,  Ann.  Chem.  Pharm.,  cxxvii.  362).  When  oxidized  with  nitric  acid 
it  yields  a  dibasic  acid,  isodulcitic  acid,  €^11^^,0^  (Malin,  ihid.,  cxlv.  197). 

§  XIII.  Hexahydric  Alcohols. — Alcohols  of  the  CnH2n_4(OH)g 

Series. 

The  only  hexahydric  alcohols  at  present  known  besides  mannite 
and  dulcite — both  of  which  apparently  are  hexhydroxyl  derivatives 
of  the  paraffin  normal  hexane — are  hexoxydiphenyl,  C^^^[PW)^', 
sorbite,  and  phenose,  CgHg(OH)g — a  body  of  which^  however,  our 
knowledge  is  very  imperfect.  Inosite  and  dambose  are  perhaps 
also  hexhydric  alcohols. 

(1545)  Mannitol  or  Mannite  :  CgHg(OH)g.- — This  substance 
was  discovered  by  Proust  in  1 806.  It  is  the  chief  constituent  of 
manna,  the  dried  sap  of  Fraxinus  ornus,  but  it  also  occurs,  though 
in  much  smaller  quantity,  in  many  other  plants,  and  in  fungi.  On 
exhausting  manna  with  boiling  alcohol,  and  allowing  the  solution 
to  cool,  it  is  deposited  in  small  crystals  which  may  be  purified 
by  recrystallization.  Mannitol  is  formed  by  the  action  of  sodium 
amalgam  on  the  mixture  of  dextrose  and  laevulose,  CgH^gOg,  ob- 
tained on  boiling  a  solution  of  cane  sugar  with  a  small  quantity 
of  sulphuric  acid  (Linnemann).  Dewar  has  shown  that  dextrose 
may  be  converted  into  mannitol  in  this  manner,  and  from  his 
experiments  it  seems  probable  that  it  may  also  be  formed 
from  laevulose,  for  he  found  that,  although  the  whole  of  the 
cane  sugar  was  not  obtained  in  the  form  of  mannitol,  a  gummy 
uncrystallizable  substance  being  simultaneously  produced,  the 
crude  product  was  entirely  without  action  on  polarized  light 
{Phil.  Mag.  [4],  xxxix.  345).t 

*L6we(Zei^5.  anal.  Chem.,  say.  233)  finds,  however,  that  quercitrin  from  quer- 
citron bark  is  not  a  glucoside,  but  merely  differs  from  quercetin  by  the  elements  of 
water  ;  quercetin  being  the  anhydride  of  quercitrin.  It  is  difficult  to  reconcile  this 
statement  with  the  circumstantial  account  of  isodulcite  given  by  Hlasiwetz  and 
Pfaundler,  unless  we  suppose  that  the  quercitron  examined  by  them  was  really  a 
different  compound  from  Lowe's,  and  not  identical. 

t  Mr.  C.  Haughton  Gill  informs  us  that  he  has  obtained  mannitol  from 
laevulose  prepared  by  Dubrunfant's  method  by  treating  its  aqueous  solution 
with  sodium  amalgam  (comp.  Bouthardat,  ^wm.  Ch.  Phys.  [47],  xxvii.  207),  and 
Krusemann  [Deut.  chem.  Ges.  Per.,  ix.  1465)  has  recently  prepared  it  in  a 
similar  manner  from  laevulose  from  inulin. — [Eds.] 
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Mannitol  crystallizes  in  thin  four-sided  rhombic  prisms,  soluble 
in  about  6J  pts.  of  water  at  ordinary  temperatures;  it  melts  between 
1 60°  and  165°  (320° — 329°  F.);  at  about  200°  (392°  F.)  it  begins 
to  boil,  and  may  be  distilled  with  very  little  decomposition  even 
at  the  ordinary  atmospheric  pressure.  It  exerts  but  a  feeble 
Isevorotatory  action  on  polarized  light,  the  deviation  produced  by 
a  15  per  cent,  solution,  in  a  tube  three  metres  long,  being  0°  15' 
(Bouchardat,  Compt.  Rend.,  Ixxx.  120).  It  is  only  slightly  sweet 
to  the  taste,  and  does  not  reduce  an  alkaline  cupric  solution ; 
it  slowly  ferments  in  contact  with  ordinary  beer  yeast  (Muntz, 
Ann.  Chem.  Phys.  [5],  viii.  80). 

On  treatment  with  a  mixture  of  concentrated  nitric  and 
sulphuric  acids,  mannitol  is  converted  into  the  hexanitrate 
CgHg(N03)g.  It  forms  white  acicular  crystals,  insoluble  in  water, 
but  soluble  in  alcohol  or  ether,  and  which  melt  at  108°  (226°*4  F.) ; 
it  explodes  violently  on  being  struck.  By  the  action  of  ammonic 
sulphide  and  other  reducing  agents,  it  is  reconverted  into 
mannitol.  The  corresponding  acetate  CgHg(C2H302)g,  is  obtained 
by  heating  mannitol  in  an  open  \'essel  with  a  considerable  excess 
of  acetic  anhydride,  and  crystallizes  from  its  solution  in  the 
latter  in  prisms  which  melt  at  119°  (246° '2  F.). 

By  heating  mannitol  at  100°  (212°  F.)  for  ten  hours,  with 
fifteen  times  its  weight  of  a  solution  of  hydrochloric  acid  saturated 
at  0°  (32°  F.),  it  is  converted  into  the  dichlorhydria  CgHgCl2(0H)^ ; 
the  corresponding  dibromhydrin  is  prepared  in  a  similar  manner, 
the  mannitol  and  hydrobromic  acid  being  heated  together  for  two 
hours  only.  Both  crystallize  in  colourless  plates;  the  former 
melts  at  174°  (345°'2  F.),  and  dissolves  in  22  parts  of  water  at 
14°  (57°-2  F.);  the  latter  melts  at  178°  {ZS^'^'A-  ^')>  and  is 
insoluble  in  cold  but  dissolves  in  warm  water.  On  treatment 
with  a  mixture  of  nitric  and  sulphuric  acids,  they  are  converted 
into  the  nitrates  CgHgCl2(N03)4  and  CgHgBr2(N03)4,  both  of  which 
are  insoluble  in  water,  but  soluble  in  alcohol,  and  crystallize  in 
needles ;  the  former  melts  at  145°  (293°  F.)  (Bouchardat,  ibid., 
Ixxv.  T187;  Ixxvi.  1550). 

All  these  derivatives  are  optically  active ;  the  specific 
rotatory  powers  of  their  solutions,  according  to  Bouchardat,  are  as 
follows : 

Mannitol  hexacetate        [a]j,      =      4-    18° 
„         hexanitrate       [a]^      =       +    42°*  2 
„         dichlorhydrin  [a]^      =      —      3°- 7 

On  distilling  mannitol  with  a  concentrated  solution  of  hydriodic 


558  DULCITOL    OR    DULCITE.  ['^54^' 

acid,  it  is  converted  into  normal  secondary  hexylic  iodide, 
CH3.CHI.CH2.CH2.CH2.CH3  (Erlenmeyer  and  Wanklyn)  : 

C,H,(OH)e     +     iiHI     =     C,H,3l     +     60H,     +     5I,. 

Mannitol.  Hexylic  iodide. 

On  oxidizing  mannite  under  the  influence  of  platinum  black — 
by  exposing  to  tbe  air  a  mixture  of  the  two  substances  moistened 
with  water — mannitic  acid  C^H^^^rj  or  C.Hg(0H)5.C00H,  is  pro- 
duced ;  when^  however,  mannite  is  oxidized  with  nitric  acid  it  is 
converted  into  saccharic  acid,  C^H^(OH)4(COOH)2. 

(1546)  DuLciTOL  or  DuLciTE  ;  Melampyrite  :  CgHg(OH)g. — 
This  isomeride  of  mannitol  is  the  chief  constituent  of  the  so-called 
dulcite  manna  from  Madagascar,  and  may  be  obtained  in  a  pure 
state  by  crystallization  from  boiling  water ;  it  occurs  in  the  sap 
of  Melampyrum  nemorosum,  and  of  many  other  plants.  It  is 
produced  together  with  mannitol  on  treating  a  solution  of  milk 
sugar,  or  of  milk  sugar  **'  inverted"  by  boiling  with  a  small  quan- 
tity of  sulphuric  acid,  with  sodium  amalgam,  being  formed  in  the 
latter  case  by  the  hydrogenation  of  a-lactose  (q.v.)  (Bouchardat, 
Ann.  Ch.Phys.  [4],  xxvii.  75,  loi). 

Dulcitol  crystallizes  in  hard  monoclinic  prisms,  scarcely  sweet 
to  the  taste;  it  melts  at  about  188°  (37o°'4  F.),  and  is  decom- 
posed on  distillation.  It  is  much  less  soluble  in  water  than 
mannitol,  and  is  but  slightly  soluble  even  in  boiling  alcohol ; 
it  does  not  reduce  an  alkaline  cupric  solution.  Its  solution  has 
no  appreciable  action  on  polarized  light,  and  apparently  none 
of  its  derivatives  are  in  a  marked  degree  optically  active.  Like 
mannitol,  its  solution  is  not  coloured  when  warmed  with  an  alkali, 
and  it  is  not  carbonized  by  sulphuric  acid,  this  acid  apparently 
converting  both  mannitol  and  dulcitol  into  acid  sulphates. 

A  mixture  of  concentrated  nitric  and  sulphuric  acids  con- 
verts dulcitol  into  the  hexanitrate  CgHg(N03)g,  which  crystallizes 
from  alcohol  in  colourless  needless  ;  it  melts  at  about  70°  (158°  F.). 
The  hexacetate,  CgHg(C2H302)g,  obtained  by  the  action  of  acetic 
anhydride  at  180°  {'^S'^^  ^0^  crystallizes  in  plates  fusible  at 
171°  (339°*8  F.).  The  hexabenzoate  CgHg(C^H50o)g,  formed  by 
heating  dulcitol  with  benzoic  chloride  to  150°  (302°  F.),  melts  at 
147°  (296°'6  F.);  it  is  quite  insoluble  in  water,  and  only  slightly 
soluble  in  alcohol. 

Dulcitol  dissolves  easily  in  a  saturated  solution  of  hydro- 
chloric acid,  and  on  standing  separates  from  the  solution  in  crystals 
of  the  composition  CgHj^Og.HCl +3H2O ;  this  compound  can 
exist  only  in  an  atmosphere  saturated  with  hydrochloric  acid. 
Corresponding   compounds  with   hydrobromic  and  hydriodic  acid 
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may  be  obtained.  Mannitol  does  not  exhibit  a  similar  tendency 
to  combine  with  acids.  By  heating  dulcitol  with  hydrochloric 
acid,  it  is  converted  into  the  dichlorhydrin  C6HgCl2(OH)^,  which 
is  insoluble  in  cold  water,  and  is  decomposed  by  hot  water;  it 
melts  at  180°  (356°  F.),  but  like  the  mannitol  derivative  is  decom- 
posed (Bouchardat,  lot.  cit.,  p.  143).  The  dibromhydrin  is  in  all 
respects  a  similar  compound,  but  decomposes  more  readily.  By 
the  action  of  a  mixture  of  concentrated  nitric  and  sulphuric 
acids  on  the  dichlorhydrin  and  dibromhydrin  of  dulcitol,  the 
tetranitrates  C6HgCl2(N03)4  and  C6HgBr2(N03)^  are  obtained; 
they  are  soluble  in  alcohol  and  melt  respectively  at  108^  (:226°'4  F.) 
and  i]0  (230°  F.) 

On  distilling  dulcitol  with  a  concentrated  solution  of  hydri- 
odic  acid,  it  furnishes  a  hexylic  iodide  which  is  in  all  respects 
identical  with  that  from  mannitol  (Hecht,  Ann.  Chem.  Pharm., 
clxv.  146). 

Dulcitol  is  converted  by  oxidation  with  nitric  acid  into  mucic 
acid,  CgHj^Og,  which  is  isomeric  with  saccharic  acid. 

The  constitution  of  mannitol  and  dulcitol,  like  that  of  hydro- 
benzoin  and  isohydrobenzoin,  is  at  present  involved  in  obscurity. 
The  difference  in  their  behaviour  on  oxidation,  in  their  physical 
properties,  and  in  the  physical  properties  of  their  derivatives  is 
so  great,  that  it  appears  in  the  highest  degree  probable  that  they 
are  bodies  of  different  chemical  constitution.  From  their  beha- 
viour on  treatment  with  hydriodic  acid,  we  must  regard  them  as 
derivatives  of  the  same  paraffin,  normal  hexane,  and  on  account 
of  their  stability  we  must  suppose  that  each  of  the  six  hydroxyl 
groups  is  associated  with  a  different  carbon  atom ;  but  normal 
hexane  can  only  furnish  a  single  hexhydric  alcohol  in  which  each 
of  the  OH  groups  is  attached  to  a  different  carbon  atom,  viz. : 

IH3.CH2.CH2.CH2.CH2.CH3        CH3(OH).CH(OH).CH(OH).CH(OH).CH(OH).CH2(OH). 

Normal  hexaue.  ?  Mannitol  and  Dulcitol. 

(i  j47)  SoEBiTE  :  CgH^^Og. — This  substance  is  obtained  from  tbe  expressed 
juice  of  niountaia  ash  berries.  It  separates  from  water  in  nacreous  crystals 
of  the  composition  2CgHj^0g  +  OH^,  which  become  anhydrous  when  heated 
above  100°  (212°  F.).  The  hydrated  compound  melts  at  102''  (2i5°'6F.),  and 
the  anhydrous  substance  at  110°  (230°  F.).  It  is  inactive  to  polarized  light, 
and  does  not  reduce  an  alkaline  cupric  solution.  Like  mannitol  and  dulcitol  it  is 
not  carbonized  by  concentrated  sulphuric  acid  ;  it  is  not  fermentable  (Boussingault, 
Compt.  Bend.,  Ixxiv.  939). 

(1548)  Phenose  :  (?)  CgHg(OH)g. — Benzene  combines  directly  with  hypo- 
chlorous  acid  forming  thetrichlorhydrin,  CJlgCyOH)^,  and,  according  to  Carius, 
by  carefully  warming  a  dilute  aqueous  solution  of  this  compound  with  sodic 
carbonate,  it  is  converted  into  the  hexhydric  alcohol  CgHg(QH)g  [Ann.  Chem. 
Fkarm.,  cxxxvi.  326).     The  preparation  of  phenose  in  this  manner  is  attended. 
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with  great  difficulty,  however,  both  on  account  of  the  readiness  with  which  the 
trichlorhydrin  undergoes  oxidation  by  the  hypochlorous  acid,  and  also  from 
the  extreme  alterability  of  the  alcohol  itself.  On  this  account,  phenose  has 
been  but  very  imperfectly  investigated,  and  even  its  composition  can  scarcely  be 
said  to  be  satisfactorily  established.  It  is  described  by  Carius  as  an  amorphous 
deliquescent  substance,  easily  soluble  in  water  and  alcohol,  its  taste  being  sweet 
at  first,  but  afterwards  sharp.  It  is  decomposed  when  heated  a  little  above 
1 00°  (212°  F.),  emitting  a  caramel-like  odour,  and  when  submitted  to  dry  dis- 
tillation it  furnishes  a  distillate  containing  acetic  acid.  It  is  rapidly  converted 
into  humus-like  substances  when  heated  with  dilute  acids  or  alkalies.  On 
warming  with  even  very  dilute  nitric  acid,  it  is  oxidized  to  oxalic  acid.  It  readily 
reduces  alkaline  solutions  of  cupric  salts.  When  distilled  with  a  solution  of 
hydriodic  acid  it  is  chiefly  carbonized,  but  a  small  quantity  of  a  hexylic  iodide 
is  formed ;  this  iodide  is  more  readily  produced  by  heating  the  trichlorhydrin 
CgHgCl3(OH)3  with  hydriodic  acid,  and  is  apparently  identical  with  the  hexylic 
iodide  from  mannite. 

The  difierence  between  quercitol  and  phenose  in  stability,  and  in  their  beha- 
viour with  hydriodic  acid,  is  remarkable,  for  if  the  latter  be  really  the  alcohol  of 
the  composition  CgHg(OH)g,*  from  the  manner  in  which  it  is  formed,  we  might 
expect  that  its  constitution  would  be  very  similar  to  that  we  have  attributed 
to  quercitol,  viz. : 

H.OH  H.OH 

C  .C^ 

/\  -^  \ 

HO.HC  CH.OH  HO.HC  CH.OH 


HO.HC  CH.OH  HO.HC  CH.OH 

\/  \^ 

H^  H.OH 

Quercitol.  Phenose. 

but  it  appears  not  improbable  that  inosite,  and  not  phenose,  is  the  analogue  of 
quercitol. 

(1549)  Inosol;  Inosite  or  Phaseomanniie :  C^H-^fi^  or  (?)  CgHg(OH)g. — 
Inosite  was  discovered  by  Scheerer  in  1850  in  the  muscular  substance  of  the 
heart.  It  has  since  been  found  to  exist  in  the  brain,  kidney,  liver,  lungs,  and 
spleen  ;  in  horseflesh  ;  and  in  human  kidneys,  and  in  the  urine  in  cases  of  albu- 
minuria. It  is  present  in  considerable  quantity  in  cochineal  (Hugo  Miiller, 
private  communication).  It  has  also  been  obtained  from  a  number  of  plants  : 
for  example,  from  the  unripe  seeds  of  the  French  or  kidney  bean  {JPhaseolus 
vulgaris)  ;  from  the  green  pods  and  unripe  seeds  of  the  garden  pea  {Pisum 
sativum) ;  from  the  heads  of  the  common  cabbage ;  and  from  grape  juice 
(Hilger,  Ann.  Chem.  Pharm.,  clx.  333). 


*  Kekule  {Lehrbuch,  iii.  p.  162)  is  inclined  to  regard  phenose  as  the 
hydrate  of  a  trihydroxylbenzene  —  CgHg(OH)3,30H2,  formed  from  the  trichlor- 
hydrin CgH3Cl3(OH)3  by  the  abstraction  of  the  elements  of  three  molecules  of 
hydrochloric  acid,  in  the  same  way  that  metatrichlorobenzene  is  formed  from  the 
chloride  CgHgClg.  As  it  is  not  identical  with  either  pyrogallol  or  phloroglucol, 
it  could  only  be  the  trihydroxyl-benzene  in  which  the  three  OH  groups  are  con- 
tiguous (see  p.  552) ;  the  formation  of  a  compound  of  this  constitution  by  such  a 
reaction  appears  to  be  somewhat  improbable,  however. 
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It  is  best  prepared  from  unripe  beans,  which  contain  about  three-quarters  per 
cent,  of  their  weight  of  inosite  (Vohl).  The  finely  shredded  beans  are  placed  in 
a  pressing  bag,  which  is  immersed  in  boiling  water  or  steamed  for  half  an  hour, 
and  then  strongly  pressed ;  the  aqueous  extract  and  the  expressed  liquor  are 
evaporated  to  a  syrup  on  the  water  bath,  alcohol  is  then  added  until  a  permanent 
turbidity  is  produced,  and  the  crystals  which  form  are  purified  by  repeated 
crystallization  from  water  with  the  aid  of  animal  charcoal. 

When  pure,  inosite  crystallizes  in  large  well-formed  monoclinio  prisms  from 
an  aqueous  solution  left  to  evaporate  spontaneously,  but  if  impure  it  separates  in 
cauliflower-like  masses.  The  crystals  contain  two  molecules  of  water,  and 
effloresce  in  dry  air;  they  dissolve  in  about  six  parts  of  water  at  19°  (66°*  2  F.), 
but  are  insoluble  in  anhydrous  alcohol  or  ether.  The  aqueous  solution  is  not 
precipitated  by  plumbic  acetate,  but  basic  plumbic  acetate  produces  a  white  pre- 
cipitate which  apparently  has  the  composition  CgHg(OH)^(0,PbOH)jj.  Anhy- 
drous inosite  melts  at  about  210°  (410°  F.) ;  at  higher  temperatures  it  is  de- 
composed. Inosite  has  a  sweet  taste,  but  is  not  optically  active,  and  does  not 
reduce  an  alkaline  cupric  solution ;  it  does  not  ferment  in  contact  with  beer 
yeast,  but  when  mixed  with  decaying  cheese  and  chalk,  it  undergoes  the  lactic 
fermentation  (Yohl,  Deut.  chem,  Ges.  Ber.,  ix.  984).  It  is  not  altered  by  boiling 
either  with  a  concentrated  solution  of  potassic  hydrate,  or  with  dilute  hydrochloric 
or  sulphuric  acid,  and  is  not  blackened  by  sulphuric  acid  even  at  100°  (212°  F.). 
If  it  is  evaporated  to  dryness  with  dilute  nitric  acid,  no  action  takes  place  until 
the  acid  becomes  moderately  concentrated,  when  nitrous  fumes  are  freely  evolved ; 
the  residue  contains  oxalic  acid,  and  on  dissolving  it  in  water,  neutralizing  with 
calcic  carbonate,  and  separating  the  calcic  oxalate  by  filtration,  a  solution  is  ob- 
tained from  which  (?  on  evaporation)  a  purple-red  flocculent  mass  separates  after 
some  time  :  this  substance  is  soluble  in  dilute  acids,  and  may  be  reprecipitated 
from  the  acid  solution  by  ammonia,  apparently  unchanged.  Scheerer's  test  for 
inosite,  which  consists  in  evaporating  it  nearly  to  dryness  with  aqueous  nitric 
acid,  then  adding  ammonia  and  a  small  quantity  of  calcic  chloride  solution,  and 
again  evaporating,  when  a  rose-red  coloration  is  produced,  doubtless  depends  on 
the  formation  of  this  substance,  which  probably  is  a  product  of  the  action  of 
nitrous  acid.  Nitric  acid  of  sp.  gr.  1*52,  even  if  boiling,  does  not  oxidize  ino- 
site, but  converts  it  into  a  substance  which,  according  to  Vohl's  analysis  {Ann. 
'Pharm.  Chem.,Q,^.  332),  would  appear  to  be  the  hexanitrate  CgHg(NOg)g ;  it  is 
insoluble  in  water,  but  easily  soluble  in  alcohol,  crystallizing  from  the  latter  in 
rhombohedrons.  The  formation  of  this  compound  is  at  present  the  only  evidence 
we  have  to  show  that  inosite  is  a  hexhydric  alcohol,  Inosite  is  not  reduced  on 
distillation  with  a  saturated  solution  of  hydriodic  acid ;  but  when  heated  with 
bromine  and  water  at  ioo°  (2I2°F.),  it  is  slowly  oxidized,  much  carbonic  an- 
hydride being  evolved  (H.  Miiller,  private  communication). 

Inosite,  it  will  be  evident,  is  a  body  of  remarkable  stability,  and  in  this ' 
respect  closely   resembles   quercitol ;  indeed  it  appears  highly  probable,  as  we 
have  above  pointed  out,  that,  like  the   latter,  it  is  derived  from  a  hydrocarbon 
CgHj2  ^^  which  the  carbon  atoms  are  united  in  a  closed  chain. 

(1550)  Dambose. — This  compound  is  obtained  on  heating  dambonite  or 
bornesite  to  100°  (212°  F.)  with  hydriodic  acid  solution  (Girard,  Compt.  Bend., 
Ixvii.  820  ;  Ixxiii.  426).  Dambonite  occurs  in  small  quantity  in  a  peculiar  kind 
of  caoutchouc  exported  from  the  French  colony  of  Gaboon  on  the  west  coast  of 
Africa,  and  bornesite  in  Borneo  caoutchouc  ;  these  two  kinds  of  caoutchouc  being 
apparently  the  produce  of  climbing  plants  of  the  genus  urceola. 

Dambose,  QJl^f>^,  is  easily  soluble  in  water,  from  which  it  crystallizes  in  rather 
thick  anhydrous  prisms,  whereby  it  is  distinguished  from  inosite,  which  it  re- 
sembles in  other  respects.    It  is  a  very  stable  substance,  melting  at  230°  (446°  F.) 
3  00 
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without  undergoing  decomposition.  Bromine  is  without  action  on  it  at  i6o° 
(320°  F.),  but  at  180°  (356°  F.)  hydrobromic  acid  is  evolved  and  a  substitution 
product  is  formed.     It  is  optically  inactive,  and  does  not  ferment  with  yeast. 

Bornesite,  C^H^Pg,  is  a  crystalline  substance  very  soluble  in  water,  which 
melts  at  1 75°  (347°  F.).  It  is  optically  active,  having  the  specific  rotatory  power 
[a\=  +  32°.  It  does  not  reduce  an  alkaline  cupric  solution,  but  acquires  this 
property  on  being  boiled  with  slightly  acidulated  water, 

Damhonite,  Qfi^fi^,  is  also  crystalline  and  easily  soluble  in  water,  but 
like  bornesite  only  sparingly  in  alcohol;  it  melts  at  190°  (374°  F.),  and  when 
cautiously  heated,  sublimes  at  200°— 210°  (392° — 410°  F.)  without  decom- 
position in  long  slender  shining  needles.  It  is  optically  inactive,  and  does 
not  reduce  an  alkaline  cupric  solution ;  dilute  sulphuric  acid  does  not  act  upon 
it.  Dambonite  forms  with  potassic  iodide  a  crystalline  compound  of  the  com- 
position C,Hj,OgKI. 

From  their  behaviour  with  hydriodic  acid,  bornesite  and  dambonite  must  be 
regarded  respectively  as  the  mono-  and  dimethyl  derivatives  of  dambose ;  at 
present,  however,  there  is  no  evidence  to  show  what  is  the  nature  of  dambose,  and 
even  its  molecular  formula  is  not  yet  established. 

(1551)  Hexoxydiphenyl  :  CgH2(OH)3.CgH2(OH)^. — This  compound  is 
obtained  by  heating  hydrocoerulignone  with  hydrochloric  acid : 

CX(0H).X0CH3),      +^    4HCI      =      C,,H,(OH)g      +      4CH3CI. 

It  forms  colourless,  glistening,  extremely  thin  plates,  and  is  soluble  in  most 
solvents.  It  dissolves  in  alkalies  forming  a  magnificent  violet-blue  coloured 
solution,  which  is  doubtless  the  result  of  oxidation.  When  distilled  over  heated 
zinc  dust,  it  is  reduced  to  diphenyl,  O^fi.^.  The  hexacetate  ^^^JS^^fi^^, 
formed  from  it  by  the  action  of  acetic  anhydride,  crystallizes  in  prisms,  and 
melts  at  145°  (293''  F.)  (Liebermann,  Ann.  Chem.  Pharm.,  clxix.  241). 

Appendix  to  (1448). — Two  tertiary  heptylic  alcohols  containing  three 
dissimilar  radicles  have  recently  been  obtained,  viz.,  propylethylmethylcarhinoly 
C3Hy<^C(C2Hg)(CH3).OH,  and  its  isomeride,  isopropylethylmethylcarhinol, 
CgHy^C(C2Hj)(CH3).OH:  the  former  by  the  addition,  first,  of  a  molecular  proportion 
of  zincicmethide  to  a  molecular  proportion  of  butyric  chloride,  C,Hy*.COCl,  and  then 
of  a  molecular  proportion  of  zincic  ethide,  and  after  some  time  treating  the  product 
with  water ;  and  the  latter  in  a  similar  manner  from  isobutyric  chloride, 
C3H/.COCI.  Propylethylmethylcarbinol  boils  at  135°— 138°  (275°— 28o°-4  F.); 
its  iodide  furnishes  a  heptylene  (?)  C^]l^.CllZZ.C{CYlX^^^^,  which  boils  at 
90° — 95°  (194° — 203°  F.).  Isopropylethylmethylcurbinol  boils  at  124° — 127° 
(255°-2— 26o°-6  F.);  the  heptylene  (?)  {OW^ClzCiC^^Wfi^),  from  its  iodide 
boils  at  75°— 80°  (167°— 176°  F.)  (Pawlow,  Deut.  chem.  Ges.  Ber.,ix.  131 1). 

Appendix  to  (1522). — By  heating  naphthalene  tetrachloride  (1367), 
Cj^HgCl^,  with  30  pts.  of  water  for  some  hours  to  180° — 190°  (356° — 374°  F.), 
it  is  converted  into  the  dihydric  alcohol  C^^H^ClJ^OH)^,  which  crystallizes  in 
large  ill-defined  prisms.  The  diacetate  derived  from  it  melts  at  130°  (266°  F.). 
When  distilled  with  concentrated  hydrochloric  acid  it  furnishes  a  monochloro- 
naphthol,  Cj^HgCl.OH,  melting  at  109°  (228°-2  F.)  (Grimaux,  Bull.  Soc, 
Chem.  [2],  xviii.  205;  Compt.  Mend.,  Ixxvi.  575). 

General  Review  of  the  Alcohols, 

(1552)  The  comparison  of  the  alcohols  of  various  series  is  of 
interest  in  many  respects ;  at  present,  however,  on  account  of 
our  limited  knowledge  of  all  but  those  derived  from  the  paraffins 
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and  the  "hydrocarbons  of  the  benzene  series^  it  is  attended  with  even 
greater  difi&culties  than  that  of  the  hydrocarbons  of  various  series. 

The  displacement  of  hydrogen  in  hydrocarbons  by  the  group  OH  appears,  in 
all  cases,  to  lead  to  the  production  of  less  volatile  compounds  :  for  example, 
ethane  is  gaseous,  ethylic  alcohol  is  a  mobile  liquid  which  boils  at  about  78°  C, 
and  glycol  is  a  syrupy  liquid  boiling  at  197°  C;  again,  propane  is  gaseous, 
propylic  alcohol  is  a  mobile  liquid  and  boils  at  about  97°  C,  propylene  glycol 
is  a  syrupy  liquid  and  boils  at  216°  C,  and  glycerin  which  is  very  viscid  boils 
at  about  280°  C.  under  the  ordinary  atmospheric  pressure ;  lastly,  benzene  is  a 
mobile  liquid  and  boils  at  81°  C,  whilst  phenol  is  a  crystalline  solid  and 
boils  at  184°  C.  Apparently,  however,  the  diminution  in  volatility  is  not 
directly  proportional  to  the  number  of  hydroxyl  groups  introduced  :  those  first 
introduced  usually  having  the  greatest  influence. 

As  in  the  case  of  isologous  hydrocarbons,  the  boiling  points  of  isologous 
alcohols  are  generally  higher  the  less  hydrogen  they  contain,  with  the  exception 
of  propylic  and  allylic  alcohols,  which  have  approximately  the  same  boiling 
point.  The  same  relation  obtains  between  most  of  the  propylic  and  allylic  com- 
pounds corresponding  in  composition ;  the  specific  gravity  of  allylic  alcohol, 
however,  is  considerably  higher  than  that  of  propylic  alcohol. 

The  displacement  of  hydrogen  in  hydrocarbons  by  the  group  OH  always 
causes  a  considerable  increase  in  specific  gravity  :  thus,  whereas  normal  tetrane 
has  the  specific  gravity  '600,  the  specific  gravity  of  normal  primary  butylie 
alcohol  is  '824,  and  that  of  erythrol  i'59. 

The  lower  monohydric  alcohols  derived  from  the  parafiins  possess  charac- 
teristic odours  and  a  burning  taste,  but  the  polyhydric  alcohols  derived  from 
these  hydrocarbons  are  all  odourless — doubtless  on  .iccount  of  their  volatility  being 
but  slight — and  are  mostly  more  or  less  sweet  to  the  taste.  The  monohydric 
alcohols  derived  from  the  hydrocarbons  of  the  benzene  series  also  possess  charac- 
teristic odours,  which  is  probably  in  a  measure  accounted  for  by  the  fact  that, 
although  bodies  of  high  boiling  point,  they  are  all  very  volatile  ;  the  poly- 
hydric alcohols  derived  from  these  hydrocarbons  are  odourless.  The  alcohols  of 
difierent  degrees  of  hydricity  and  of  the  various  isologous  series,  and  even  those 
of  the  same  homologous  series,  appear  to  differ  remarkably  in  their  physiological 
action.  In  the  case  of  the  alcohols  of  the  ethylic  series,  the  activity  increases 
at  first  with  the  increase  of  molecular  weight,  and  from  experiments  on  dogs, 
Dujardin,  Beaumetz,  and  Audige  {Compt.  Rend.,  Ixxxiii.  8q)  find  that  the  lethal 
dose  of  propylic  alcohol  is  about  one-half,  of  isoprimary  butylie  alcohol  about  one- 
third,  and  of  fermentation  amylic  alcohol  only  about  one-third  as  great  as  that 
of  ethylic  alcohol.  Methylic  alcohol  is  somewhat  more  active  than  ethylic 
alcohol.  Heptylic  alcohol  (?  normal  primary)  and  octylic  alcohol  (?  from 
castor-oil),  however,  in  the  pure  state  are  only  about  as  active  as  ethylic  alcohol, 
but  when  diluted  to  ten  times  their  bulk  with  the  latter  alcohol  they  are  fatal  to 
about  the  same  extent  as  butylie  alcohol.  Cetylic  alcohol,  which  is  insoluble 
both  in  water  and  alcohol  at  the  ordinary  temperature,  is  inert.  Phenol  and  its 
homologues,  which  are  especially  characterized  by  the  readiness  with  which  they 
effect  the  coagulation  of  albumen,  are  much  more  poisonous  than  the  alcohols  of 
the  ethylic  series,  the  effect  of  phenol  on  animals  being  to  cause  great  dilatation 
of  the  blood-vessels,  weak  respiration,  and  lowering  of  temperature.  The  poly- 
hydric alcohols  are  apparently  much  less  active  than  the  monohydric  j  few 
observations,  however,  have  been  made  on  this  point. 

The  alcohols,  especially  those  containing  several  hydroxyl  groups,  are  much 
less  stable  compounds  than  the  corresponding  hydrocarbons,  and  are  rr  uch  moY* 
readily  acted  on  by  reagents  generally.  1 

o  o  2 


564  REVIEW    OF    THE    ALCOHOLS.  1^55^' 

Etliylic  alcohol  and  its  homologues,  like  the  parafiins,  do  not  form  additive 
compounds  with  chlorine  or  bromine,  whilst  allylic  and  propargylic  alcohols,  like 
the  hydrocarbons  of  the  ethylene  and  acetylene  series,  combine  respectively  with 
two  and  four  atoms  of  bromine,  forming  substitution  derivatives  of  the  corre- 
sponding alcohols  of  the  ethylic  series ;  the  phenols  and  alcohols  of  the  benzylio 
series,  however,  and  the  isologous  alcohols  containing  relatively  less  hydrogen, 
do  not  under  any  conditions  appear  to  form  additive  compounds  which  are  of 
BufBcient  stability  to  permit  of  their  isolation.  There  is  reason  to  believe,  at 
least  in  some  cases,  that  the  formation  of  substitution  derivatives  of  the  phenols, 
&c.,  is  preceded  by  that  of  highly  unstable  additive  compounds ;  at  present,  how- 
ever, there  is  no  evidence  to  show  that  this  is  always  the  case. 

In  their  behaviour  with  nitric  acid,  and  with  sulphuric  acid,  and  also  on 
oxidation,  the  alc.ohols  bear  considerable  resemblance  to  the  hydrocarbons  from 
which  they  are  derived.  Thus,  the  alcohols  of  various  degrees  of  hydricity 
derived  from  the  paraffins,  or  which  may  be  regarded  as  formed  from  the  alcohols 
derived  from  the  paraflSns  by  the  displacement  of  one  or  more  of  the  hydrogen 
atoms  in  the  hydrocarbon  radicles  of  these  alcohols  by  radicles  such  as  phenyl, 
C,Hg,  Ac,  are  either  converted  into  normal  or  basic  ethereal  salts,  or  oxidized,  by 
the  action  of  nitric  acid,  and  yield  acid  ethereal  salts  on  treatment  with  sulphuric 
acid ;  whereas  the  phenols,  naphthols,  orcinols,  &c.,  furnish  nitro-substitution 
derivatives  when  submitted  to  the  action  of  nitric  acid,  and  sulpho-acids  on 
treatment  with  sulphuric  acid.  It  will  be  remembered  also  that  by  the  action 
of  the  haloid  acids  on  the  alcohols  of  the  former  class,  the  OH  groups  are  more  or 
less  readily  displaced  by  halogens,  the  displacement  seldom  being  perfect,  how- 
ever, in  the  case  of  polyhydric  alcohols ;  the  alcohols  of  the  latter  class  are 
mostly  unaffected  by  the  haloid  acids.  It  is  possible,  however,  to  displace  the 
OH  group  by  chlorine  or  bromine  in  most,  if  not  all  alcohols,  by  submitting  them 
to  the  action  of  phosphoric  pentachloride  or  pentabromide,  although  on  account  of 
the  occurrence  of  secondary  reaction,  the  isolation  of  the  product  of  the  primary 
reaction  is  often  impossible,  and,  therefore,  a  compound  is  not  always  characterized 
as  an  alcohol  by  its  behaviour  with  phosphoric  pentachloride, 

A  method  of  distinguishing  the  alcohols  generally  from  all  other  compounds 
is  afforded  by  their  behaviour  with  the  acid  anhydrides  or  chlorides,  such  as 
acetic  and  benzoic  anhydrides  and  acetic  and  benzoic  chlorides.  By  the  action 
of  these  compounds  on  the  alcohols,  the  hydrogen  in  the  OH  groups  of  the  latter 
is  more  or  less  readily  displaced  by  acid  radicles,  the  displacement  of  the  whole 
of  the  hydrogen  present  in  this  form  being  readily  effected,  if  a  sufficient  excess 
of  the  reagent  be  employed,  either  on  heating  the  materials  together  under  the 
ordinary  atmospheric  pressure,  or  at  a  comparatively  low  temperature  in  closed 
tubes.  In  order,  however,  in  this  way  to  prove  that  a  compound  is  an  alcohol, 
it  is  necessary  to  introduce  in  place  of  hydrogen  as  many  of  the  acid  radicles  as 
the  compound  contains  oxygen  atoms.  Numerous  instances  of  the  formation  of 
ethereal  salts  of  this  kind  by  the  action  of  the  acid  chlorides  or  anhydrides,  have 
been  given  in  the  foregoing  description  of  the  alcohols.  On  account  of  the  for- 
mation of  chlorinated  compounds  when  the  acid  chlorides  are  employed,  the  acid 
anhydrides  are  frequently  to  be  preferred  for  this  purpose. 

The  behaviour  of  the  alcohols  of  various  series  with  alkalies  is  complemen- 
tary to  their  behaviour  with  acids :  those  which  form  ethereal  salts  with  acids, 
such  as  nitric  or  sulphuric  acid,  exhibiting  but  little  tendency  to  form  metallic 
derivatives  stable  in  presence  of  water  ;  whereas  the  phenols  and  other  alcohols 
which  do  not  form  ethereal  salts  with  these  acids  exhibit  marked  acid  func- 
tions, furnishing  metallic  derivatives  which  are  not  readily,  if  at  all,  decomposed 
by  water.  But  just  as  all  alcohols  exhibit  basic  functions — that  is  to  say,  are 
capable  of  being  converted  into  ethereal  salts  by  the  displacement  of  the  hydrogen 
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in  the  OH  group  by  negative  radicles,  so  also  they  all  exhibit  acid  functions  and 
are  capable  of  exchanging  hydrogen  for  positive  radicles.  For  example,  although 
ethylic  alcohol  apparently  is  not  acted  upon  by  an  aqueous  solution  of  an  alkali, 
double  decomposition  occurs  when  sodic  hydrate  is  dissolved  in  it,  a  certain 
amount  of  the  derivative  CH^.ONa  being  formed  ;  and  it  may  be  entirely  con- 
verted into  this  compound  by  the  action  of  metallic  sodium,  just  as  sodic  hydrate, 
NaOH,  is  converted  into  sodic  oxide,  NaONa,  when  fused  with  sodium.  Phenol, 
on  the  other  hand,  dissolves  even  in  an  aqueous  solution  of  sodic  hydrate,  and  is 
converted  into  sodium  phenol,  GgH^.ONa,  which  is  fairly  stable  in  presence  of 
water,  whereas  the  compound  CgHg.ONa  is  immediately  decomposed  by  water. 
The  most  striking  evidence  of  this  is  afforded  by  therrao-chemical  investigation. 
Thus,  according  to  Berthelot  [Compt.  Uend.,  Ixxiii.  663),  there  is  no  appreci- 
able alteration  of  temperature  on  mixing  dilute  solutions  of  ethylic  alcohol  and 
potassic  hydrate,  which  is  an  indication  that  no  chemical  action  takes  place.  On 
mixing  semi-normal  solutions  of  glycerol  and  of  sodic  hydrate  in  the  proportion 
of  (C^HgOg  +  Aq)  :  (NaOH  +  Aq),  only  370  units  of  heat*  are  developed,  and 
about  the  same  amount  of  heat  is  absorbed  on  diluting  the  resulting  mixture 
with  water,  so  that  it  may  be  concluded  that  the  sodium  derivative  formed  in 
the  first  reaction  is  decomposed  by  the  addition  of  water.  From  other  experi- 
ments Berthelot  finds  :  i .  That  by  the  action  of  alkalies  on  glycerol  an  amount  of 
heat  is  developed  not  exceeding  in  the  case  of  semi-normal  solutions  about  -^q  of  that 
developed  by  the  action  of  the  acids  on  the  alkalies.  2.  That  the  heat  developed 
increases  with  the  number  of  molecular  proportions  of  glycerol  added  to  one  mole- 
cular proportion  of  sodic  hydrate,  and  vice  versd,  but  without  being  proportional 
to  the  quantities  added,  either  of  the  one  or  the  other  compound.  3.  That  the 
compound  formed  in  a  concentrated  solution  is  decomposed  on  the  addition  of  a 
sufficient  amount  of  water,  since  the  heat  developed  diminishes  as  the  dilution 
becomes  greater.  The  behaviour  of  mannitol  is  similar :  the  amount  of  heat 
developed  by  the  addition  of  successive  quantities  of  a  semi-normal  solution  of 
sodic  hydrate  to  a  semi-normal  solution  of  mannitol  being  in  one  experiment  as 

follows : 

(CgH^Pg  -^  Aq)    +    -KNaOH  +  Aq)  develop  690  units 

+    i(NaOH  -f  Aq)       „       370     „ 

+    ^(NaOH  +  Aq)       „       150     „■ 

On  diluting  the  solution,  slightly  more  heat  was  absorbed  than  had  pretiotlsly 
been  developed,  proving  the  decomposition  of  the  compound  formed  in  the  more 
concentrated  solution.  In  the  case  of  phenol,  however,  it  was  found  that  the 
amount  of  heat  developed  was  independent  of  the  quantity  of  water  present, 
phenol  in  this  respect  resembling  the  true  acids,  from  which  it  differs  by  having 
only  about  half  as  great  a  heat  of  neutralization.f  But  the  heat  of  neutraliza- 
tion of  trinitrophenol — the  so-called  picric  acid — according  to  Berthelot,  is  equal 
to  that  of  the  strongest  acids ;  it  will  be  remembered  that  it  has  already  been 
pointed  out  that  the  nitrophenols  exhibit  more  pronounced  acid  properties  thau 
the  phenols  themselves. 

The  behaviour  of  the  alcohols  of  various  series  is  thus  obviously  analogous 
to  that  of  the  hydroxides  or  hydrates  of  various  elements  j  we  may,  in  fact, 
compare  the  two  great  classes  of  alcohols,  on  the  one  hand,  to  the  hydroxide  of 


*  A  solution  containing  half  a  molecular  proportion  in  grams  of  the  sub- 
stance per  litre  is  termed  a  semi-normal  solution.  A  unit  of  heat  is  the  amount 
of  heat  required  to  raise  the  temperature  of  i  gram  of  water  from  0°  to  1°  C. 

t  On  neutralizing  solutions  of  a  large  number  of  the  stronger  acids  by  a 
solution  of  potassic  or  sodic  hydrate,  between  13,000  and  14,00a  units'  of  h^at 
are  developed  for  each  molecular  proportion  in  grams  of  alkali  added. 
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the  positive  element  zinc,  and  on  the  other,  to  the  hydroxide  of  the  negative  ele- 
ment chlorine :  the  hydrogen  in  zincic  hydroxide,  Zn(OH)j,  like  that  in 
ethylic  alcohol,  being  readily  displaced  by  acid  radicles,  but  also  by  positive 
radicles  as  shown  by  the  formation  of  compounds  such  as  Zn(0K)2 ;  whereas  the 
hydrogen  in  hypochlorous  acid,  HOCl,  although  most  readily  displaced  by  posi- 
tive radicles  may  also  be  displaced  by  negative  radicles,  by  the  group  C2H3O, 
for  example,  as  in  the  salt  chlorine  acetate,  C^B.fi.OCl.  It  is  just  as  impossible, 
however,  strictly  to  divide  the  alcohols  into  two  classes  according  to  their  be- 
haviour with  alkalies,  as  it  is  to  divide  the  hydroxides  derived  from  the  various 
elements  into  the  two  classes  of  acids  and  bases. 

All  alcohols  which,  like  phenol,  are  formed  from  hydrocarbons  in  which  it 
may  be  supposed  the  carbon  atoms  are  either  entirely  or  partially  united  in  a 
closed  chain  (p.  392)  by  the  displacement  by  the  group  OH  of  hydrogen  atoms 
attached  to  the  carbon  atoms  which  are  a  part  of  the  closed  chain,  resemble 
phenol  in  their  behaviour  with  alkalies ;  those,  on  the  other  hand,  which  are 
formed  by  the  displacement  of  hydrogen  atoms  attached  to  carbon  atoms  which 
are  part  of  an  open  chain  resemble  ethylic  alcohol,  glycerol,  and  mannitol. 
Hence  it  would  appear,  that  all  hydrocarbon  radicles  in  which  the  carbon  atoms  are 
either  wholly  or  partially  united  in  a  closed  chain  are  more  or  less  negative,  whilst 
those  in  which  the  carbon  atoms  form  an  open  chain  are  more  or  less  positive. 

Phenol  has  apparently  more  marked  acid  functions  than  any  other  alcohol, 
for  not  only  do  its  homologues  exhibit  acid  functions  to  a  less  and  less  extent  as 
they  increase  in  molecular  weight,  but  a  similar  alteration  attends  the  increase  in 
the  number  of  loops  in  the  chain  of  carbon  atoms  (comp.  p.  394),  the  naphthols, 
for  example,  forming  metallic  derivatives  which  appear  to  be  less  stable  than 
those  of  phenol.  In  the  ethylic  series  of  alcohols,  the  basic  character  is  more  and 
more  evident  as  the  series  is  ascended. 

The  behaviour  of  the  alcohols  on  oxidation  has  already  been  discussed,  and 
need  not  be  again  referred  to.  But  attention  may  be  directed  to  the  difference 
in  the  result  obtained  by  the  employment  of  different  oxidizing  agents,  a  sub- 
ject which  has  not  yet  by  any  means  received  the  notice  which  it  deserves. 
Especially  remarkable  is  the  action  of  agents  such  as  chromic  acid  as  compared 
with  that  of  nitric  acid  on  the  alcohols  of  the  ethylic  series :  the  former  reagent 
leading  in  the  case  of  ethylic  alcohol  to  the  production  of  aldehyde  and  acetic 
acid,  whereas  this  alcohol  is  converted  by  the  action  of  the  latter  reagent  into 
glycolic  acid,  Ac,  the  CH3  group  being  unaffected  in  the  one  case,  but  having 
its  hydrogen  displaced  by  OH  in  the  other. 

The  formation  of  substitution  derivatives  from  the  alcohols  of  various  series 
by  the  action  of  chlorine,  &c.,  is  apparently  subject  to  laws  similar  to  those 
which  obtain  in  the  ease  of  the  hydrocarbons.  All  experiments  hitherto  made 
warrant  the  conclusion  that  the  behaviour  of  ethylic  alcohol  with  the  halogens 
(p.  462)  is  typical  of  all  alcohols  in  which  the  OH  groups  are  associated  with  carbon 
atoms  forming  part  of  an  open  chain,  and  derived  from  hydrocarbons  in  which 
the  carbon  atoms  are  either  partially  or  entirely  united  in  this  manner;  whilst 
the  behaviour  of  phenol  with  the  halogens,  and  indeed  with  reagents  generally, 
appears  to  be  more  or  less  typical  of  all  similarly  constituted  alcohols.  The 
OH  group  in  the  alcohols  has  a  very  great  "controlling"  influence  on  substitution  : 
this  is  shown  especially  by  the  behaviour  of  phenol,  the  tendency  of  this  com- 
pound (p.  489)  being  always  to  form  either  ortho-  or  para-derivatives,  whereas, 
it  will  be  remembered,  benzene  furnishes  chiefly  meta-di-derivatives  when  sub- 
mitted to  the  action  of  nitric  and  sulphuric  acids ;  the  influence  of  the  OH  in 
phenol  is  therefore  similar  to  that  of  the  halogens  in  the  mono-haloid  derivatives 
of  benzene,  and  is  different  from  that  of  the  group  NO^  in  nitrobenzene  and  of 
the  group  SO^H  in  benzenesulphonic  acid.     The  investigation  of  the  extent  to 
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which  substitution  may  be  effected  under  ordinary  conditions  in  the  horaologues 
of  phenol  indicates  that  the  influence  which  the  positive  hydrocarbon  radicles, 
or  side  chains,  may  exert  in  opposition  to  that  of  the  negative  OH  group  is  de- 
pendent upon  the  relative  "positions"  of  the  latter  and  the  former.  Thus,  in  phenol 
itself,  three  atoms  of  hydrogen  only  are  readily  displaced  under  ordinary  con- 
ditions :  now  thymol  (p.  494)  or  methylpropylphenol,  which,  although  a  di-de- 
rivative  of  phenol,  has  only  one  of  the  side  chains  in  a  position  in  which  substitution 
maybe  effected  in  phenol,  behaves  almost  as  a  mono-derivative  of  the  latter,  yielding 
di-substitution derivatives  under  ordinary  conditions;  but  metaxenol  (p.  492)  or 
orthoparadimethylphenol,  in  which  both  the  side  chains  are  in  positions  in  which 
substitution  may  be  effected  in  phenol,  also  readily  furnishes  di-  and  not  mono-sub- 
stitution derivatives  when  submitted  to  the  action  of  bromine  or  of  nitric  acid  : 


CH. 


C»H, 


Thymol 


OH 

\/ 

Metaxenol. 


CH, 


Apparently,  therefore,  the  OH  group  in  thymol  is  only  influenced  by  one  of  the 
side  chains — viz.,  that  in  the  ortho-position,  whilst  the  same  group  in  metaxenol 
is  influenced  by  both  the  side  chains. 

The  OH  groups  in  the  dioxy benzenes  appear  to  exert  the  same  influence  as 
in  phenol :  resorcinol,  in  which  one  of  the  hydrogen  atoms  is  in  the  meta-position 
relatively  to  both  groups,  furnishing  tri-substitution  derivatives — tribromoresorcin, 
for  example ;  whilst  pyrocatechol,  in  which  the  hydrogen  atoms  are  all  either  in 
the  ortfio-position  or  the  para-position  to  one  or  other  of  the  OH  groups,  is 
readily  converted  into  tetrabromopyrocatechol. 

The  Carbohydrates. 

(1553)  This  name  is  applied  to  a  class  of  compounds  allied 
to  the  hexhydric  alcohols  mannite  and  dulcite^  consisting  of 
carbon,  oxygen,  and  hydrogen,  the  last  two  elements  being  always 
present  in  the  same  relative  proportions  as  in  water.  Their  composi- 
tion is  expressed  by  the  formulas  CgH^^Og,  (CgH^^OgJn,  C^gHg^Oi^, 
and  (CgHjQOg)^,  n  in  the  last  of  these  formuljvi  being  always  a 
whole  number,  which  is  probably  never  less  than  three  ;  its  value, 
however,  has  not  yet  been  ascertained  with  certainty  for  any  of 
the  carbohydrates.  They  are  physiologically  of  the  greatest  im- 
portance :  only  one  class  of  compounds,  in  fact — the  so-called 
albuminoids — being  of  equal  importance,  for  they  are  the  chief 
constituents  of  all  plants,  and  are  of  constant  occurrence  in  animal 
tissues. 

The  carbohydrates  of  the  composition  CgH^gOg  and  C^2H220j^ 
are  readily  soluble  in  water,  and  more  or  less  sweet  to  the  taste  : 


*  The  crosses  indicate  the  "  positions"  in  phenol  in  which  alone  substitution 
is  effected  under  ordinary  conditions. 
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ordinary  sugar  is  a  compound  of  the  latter  formula ;  those  of  the 
conipositiou  (CgHj^O,),,  are  mostly  insoluble  in  water^  as  starch 
and  cellulose,  for  example.  The  carbohydrates,  like  most  of  the 
polyhydric  alcohols,  readily  undergo  change  when  heated ;  but  they 
seldom  furnish  well  characterized  products  when  submitted  to 
the  action  of  reagents.  They  are  very  readily  oxidized,  and 
many  of  the  soluble  carbohydrates  have  the  property  of  re- 
ducing an  alkaline  solution  of  a  cupric  salt,  cuprous  oxide  being 
precipitated  ;  as  different  carbohydrates  exhibit  different  reducing 
powers,  and  the  amount  of  cuprous  oxide  precipitated  is  constant 
for  a  given  variety,  this  property  is  of  great  service  in  dif- 
ferentiating and  also  in  estimating  the  various  carbohydrates. 
They  are  also  characterized  by  the  power  which  their  solutions 
exhibit  of  causing  the  deviation  of  the  plane  of  polarization  of 
light,  each  carbohydrate  differing  in  the  extent  to  which  it  affects 
polarized  light :  a  property  which  is  equally  of  service  as  affording 
a  means  of  distinguishing  and  of  estimating  soluble  carbohydrates. 
•We  shall,  therefore,  before  proceeding  to  the  description  of  the 
individual  carbohydrates,  shortly  describe  the  methods  by  which 
the  cupHc  oxide  reducing  power  and  the  specific  rotatory  power  of 
soluble  carbohydrates  is  determined. 

(1554)  Determination  of  the  Cupric  Oxide  Reducing  Power  of  Soluhle 
Carbohydrates. — Dextrose  being  the  substance  of  which  the  reducing  power  was 
first  determined,  it  may  be  taken  as  the  standard  to  which  to  refer  all  other 
carbohydrates,  the  cupric  oxide  reducing  power  being  the  amount  of  cupric  oxide 
calculated  as  dextrose,  C^^fi^,  which  100  parts  reduce.  Thus,  the  cupric  oxide  re- 
ducingpowerof  dextrose  being  ioo,that  of  maltose  is  65,  and  that  of  milk  sugar  70. 

The  cupric  sohition  employed,  which  is  usually  termed  Fehling's  solution,  is 
prepared  by  dissolving  35  grams  of  pure  crystallized  cupric  sulphate  in  about 
200  cc.  of  water,  and  in  another  vessel  173  grams  of  pure  potassic  sodic  tartrate 
— 30-called  Eochelle  salt — in  480  cc.  of  a  solution  of  pure  sodic  hydrate  of  sp. 
gr.  1*14  ;  the  first  solution  is  then  added  gradually  to  the  second,  and  the  deep 
blue-coloured  clear  fluid  is  diluted  to  1000  cc.  It  must  be  kept  in  a  cool,  dark 
place,  in  well-closed  bottles,  filled  to  the  top,  as  the  action  of  light,  or  the 
absorption  of  carbonic  anhydride  would  lead  to  the  separation  of  cuprous  oxide 
upon  mere  exposure  to  heat.  Before  using  the  solution,  mix  10  cc.  of  it  with 
400  cc.  of  water,  and  boil  the  mixture  for  some  minutes ;  if  this  produces 
the  least  change,  and  causes  the  separation  of  even  the  smallest  quantity  of 
cuprous  oxide,  the  solution  is  unfit  for  use.  Of  this  solution,  25 — 30  cc.  are 
poured  into  a  beaker  of  130 — 1 40  cc.  capacity,  together  with  about  50  cc.  of 
boiling  well-boiled  water ;  the  beaker  is  then  placed  in  a  water  bath,  which  is 
kept  boiling,  and  at  the  end  of  five  or  six  minutes,  when  the  dilute  copper 
solution  has  acquired  as  nearly  as  possible  the  temperature  of  the  bath,  a  known 
quantity  of  the  solution  to  be  tested  is  added,  and  the  heating  continued  for 
twelve  or  fourteen  minutes.  If  the  blue  colour  completely  disappears  in  the  first 
three  or  four  minutes,  it  can  be  restored  by  adding  quickly  more  copper  solution, 
but  if  two  or  three  additions  be  necessary  to  insure  an  excess,  the  experiment 
must  be  sacrificed,  and  a  fresh  one  made  with  a  smaller  quantity  of  the  carbo- 
Jhj'drate  solution.     Satisfactory  results  cannot  be  obtained  unless  this  precaution 
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be  adopted :  the  numbers  generally  falling  too  low  with  solutions  of  maltose  or 
the  glucoses,  and  too  high  when  dextrin  is  also  present,  if  the  amount  of  cupric 
solution  employed  be  not  from  the  first  in  excess.  After  thirteen  to  fourteen 
minutes'  heating,  the  precipitated  cuprous  oxide  is  rapidly  filtered  out,  washed 
with  boiling,  well-boiled  water,  dried,  and  ignited  in  the  usual  way ;  strong 
ignition  in  an  open  porcelain  crucible  for  five  or  six  minutes  completely  converts 
the  cuprous  into  cupric  oxide,  and  treatment  with  nitric  acid  is  unnecessary. 

The  time  of  heating  above  mentioned  gives  the  true  reduction  for  dextrose 
and  maltose,  and  the  quantity  of  cuprous  oxide  precipitated  remains  constant, 
even  if  the  heating  be  continued  for  twenty  minutes ;  but  if  the  solution  in  ad- 
dition contains  dextrin,  the  reduction  becomes  greater,  owing  doubtless  to  the 
slow  conversion  of  the  dextrin  into  substances  capable  of  acting  upon  the  cupric 
solution  (O'Sullivan,  Journ.  Ghem.  Soc,  1876,  ii.  130). 

The  cupric  oxide  reducing  power  is  often  determined  volumetrically,  the 
Fehling's  solution  being  made  with  S4'^39  grams  crystallized  cupric  sulphate 
per  litre,  so  that  10  cc.  correspond  to  '05  grams  of  dextrose:  10  cc.  of  the 
cupric  solution  and  40  cc.  of  water  are  heated  in  a  water  bath  kept  boiling,  and 
the  highly  dilute  solution  of  the  carbohydrate  is  added  in  small  quantities  from 
a  burette,  until  the  bluish-green  colour  of  the  solution  entirely  disappears.  Although 
concordant  results  may,  with  great  care,  be  obtained  by  this  process,  the  gravi- 
metrical  method  is  far  more  reliable,  and  involves  very  little  more  trouble  in  its 
execution. 

(1555)  Determination  of  the  Specific  Hotatory  Power  of  Opticall^f  Active 
Substances. — The  phenomena  of  polarization  have  been  discussed  in  the  first 
volume  of  this  work  (117 — 126).  It  has  there  been  pointed  out  that  if  a 
polarized  ray  be  transmitted  through  a  plate  of  quartz  cut  at  right  angles  to 
the  optic  axis  of  the  crystal,  the  plane  of  polarization  undergoes  rotation  in  a 
degree  proportional  to  the  thickness  of  the  plate,  certain  crystals  of  quartz 
producing  right-handed,  and  certain  others  left-handed  rotation.  Many  liquids, 
such  as  the  terpenes,  amylic  alcohol,  and  solutions  of  cane  sugar  and  other  carbo- 
hydrates, of  tartaric  acid,  and  of  a  number  of  the  alkaloids  also  exhibit  this  property, 
although  to  a  much  less  marked  extent  than  quartz.  The  manner  of  deter- 
mining the  degree  of  rotation  produced  by  an  optically  active  substance  is  as 
follows.  Suppose  a  beam  of  monochromatic  light,  such  as  that  given  by  a 
Bunsen  flame  in  which  a  bead  of  sodic  chloride  or  carbonate  is  heated,  to  pass 
through  a  pair  of  Nicol's  prisms,  one  of  which  serves  as  polarizer,  the  other  as 
analyser,  and  that  the  analyser  is  turned  at  right  angles  to  the  polarizer  so  that 
no  light  can  pass  through  the  latter :  on  interposing  between  them  a  plate  of 
quartz,  cut  as  above  described,  the  field  will  become  illuminated  with  yellow 
light,  and  it  will  be  necessary  to  turn  the  analyser  through  a  certain  angle,  either 
to  the  left  or  to  the  right,  according  as  the  quartz  is  cut  from  a  right  or  left- 
handed  crystal,  to  render  the  field  dark  again  ;  or,  what  is  the  same  thing, 
instead  of  rotating  the  analyser,  the  polarizer  may  be  turned  in  the  opposite 
direction.  When  ordinary  white  light  is  employed,  the  field  never  becomes 
dark,  but  assumes  difierent  tints  as  the  analyser  is  rotated.  The  plate  of 
quartz,  in  fact,  causes  the  plane  of  vibration  of  the  polarized  ray  to  be 
deflected  through  an  angle  equal  to  th'at  through  which  the  analyser  has 
been  moved,  but  in  the  opposite  direction :  the  quartz  twisting  the  polarized 
ray  in  one  direction,  so  to  speak,  and  the  analyser  twisting  it  back 
again.  It  has  been  found,  moreover,  that  the  degree  of  rotation  is  directly 
proportional  to  the  thickness  of  the  plate ;  hence,  if  we  know  the  amount  of 
deviation  produced  by  a  given  thickness  of  quartz,  say  a  plate  one  millimetre 
thick,  we  can  make  it  the  standard  of  comparison  for  the  deviation  produced  by 
other  substances.     If,  instead  of  the  sodium  flame,  any  other  kind  of  homoge- 
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neous  light,  red,  green,  or  violet,  be  employed,  similar  results  are  obtained,  but 
the  angle  of  rotation  varies,  being  least  for  red  and  greatest  for  violet  light,  as 
shown  in  the  following  table,  whi(;h  gives  the  deviation  for  a  plate  of  quartz  one 
millimetre  in  thickness,  as  determined  by  Biot : 

Deviation  of  Bay. 

Extreme  red  ...  ...      17°     29'     47" 

Eed  glass  (oxide  of  copper)  ...  ...      l8°     25'      00'' 

Limit  of  red  and  orange     ...  ...  ...      20° 

Limit  of  orange  and  yellow  ...  ...      22° 

Mean  yellow  ...  ...  ...  ...      24° 

Limit  of  yellow  and  green  .. .  ...  ...      25° 

„     of  green  and  blue      ...  ...  ...      30° 

„     of  blue  and  indigo     ,..  ...  ...      34° 

„     of  indigo  and  violet   ...  ...  ...      37° 

Extreme  violet*       ...  ...  ...  ...      44" 

All  the  instruments  employed  for  determining  the  rotatory  polarization 
of  liquids  consist  essentially  either  of  two  Nicol's  prisms,  or  of  two  double-refract- 
ing prisms,  one  of  which  serves  as  polarizer,  and  the  other  as  analyser,  between 
which  a  tube  of  known  length — usually    200   mm. — is   placed,  containing  the 

liquid    under  examination ;    but 
*  ^°   *  as    it    is  difficult  with  a  simple 

apparatus  of  this  kind  to  deter- 
mine when  the  light  completely 
disappears,  or  when  a  particular 
tint  appears,  on  rotating  the  ana- 
lyser or  polarizer,  various  devices 
are  adopted  to  render  the  in- 
strument more  sensitive. 

In  Soleil's  apparatus,  one  of 
the  forms  of  which  is  represented 

|*i..,.i.„^^,,.^^i,i::ia   in  %  39a.  a  biquartz  or  double 

' — ^ plate,  gd,  one -half  consisting  of 

right-handed,  and  the  other  of  left- 
handed  quartz,   375  mm.  thick, 
is  placed  behind  the  polarizer  0 
at  p.     Quartz  of  this  thickness 
produces    at   a   certain    position 
of  the   analyser,  a  peculiar  pale 
rose- violet  tint  called  the  sensi- 
tive or  transition  tint  from  the  rapidity  with  which  it  changes  to  rose  or  violet 
on  moving  the  analyser ;  but  the  change   of  colour  takes  place  in  the  opposite 
order  in  the  two   halves  of  the  plate,  so   that  although  the  whole  field  will 


*  Broch  gives  the  following  number  for  the  rotation  produced  by  i  mm.  of  quartz 
on  light  of  the  refrangibility  of  some  of  the  chief  lines  in  the  solar  spectrum  : 

B  C  D  E  F  G 

IS**  18'        17"  15'        21°  40'        27°  28'        32°  30'        42°  12' 

De  Luynes  and  Girard  {Compt.  Rend.,  Ixxx.    1354)  have  recently   determined 
with  great  care  the  deviation  produced  by  a  plate  i  mm.  in  thickness,   using  a 
gas  flame  tinged  by  sodic  chloride,  the  light  from  which  is  almost  of  the  same 
refrangibility  as  the  D  line;  they  find  21"  48',  the  possible  error  being  at  most/' 
four  minutes. 
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appear  uniformly  coloured  when  the  polarizer  and  the  analyser  are  set  with 
their  principal  sections  parallel,  the  slightest  rotation  of  the  latter,  or  the 
introduction  of  an  optically  active  substance  between  them,  will  cause 
one-half  of  the  field  to  assume  a  redder,  and  the  other  a  bluer  shade  than  before. 
In  this  apparatus,  however,  in  place  of  measuring  the  angle  of  rotation 
of  the  polarizer  or  analyser,  the  thickness  of  a  plate  of  quartz  required  to  neutralize 
the  rotatory  polarization  of  the  liquid  is  estimated ;  but  as  the  substance  may  be 
either  dextrogyrate  or  Isevogyrate,  it  is  necessary  to  provide  for  the  determina- 
tion in  both  directions.  This  is  done  by  inserting  a  plate  of  quartz  of  arbitrary 
thickness,  q,  cut  from  a  right-handed  crystal,  between  the  analyser  and  the  liquid 
to  be  examined,  and  immediately  in  front  of  this  a  compensator,  r,  a  horizontal 
section  of  which  is  shown  at  RE',  consisting  of  two  wedge-shaped  pieces  of 
quartz  of  contrary  rotation  to  the  plate  q,  but  like  it  cut  perpendicular  to  the 
axis  of  the  crystal ;  these  wedges  can  be  moved  one  over  the  other  by  a  toothed 
pinion  fixed  to  the  button  b,  acting  on  two  racks  adapted  to  the  lower  part  of 
the  mountings  of  the  wedges,  and  are  thus  equivalent  to  a  single  plate  whose 
thickness  may  be  varied  at  pleasure.  An  ivory  scale,  e,  represented  separately 
at  E,  is  attached  to  the  mounting  of  one  of  the  wedges,  and  a  vernier  to  the 
other,  the  latter  serving  to  measure  the  opposite  displacements  of  the  two  wedges. 
When  the  zeros  of  the  scale  and  vernier  coincide,  the  two  wedges  are  opposite 
to  one  another,  and  their  thicknesses  are  together  equal  to  that  of  the  plate  q, 
the  rotatory  power  of  which  is  therefore  neutralized  by  them. 

The  liquid  to  be  examined  is  contained  in  the  tube  T,  placed  between  two  per- 
forated diaphragms  DD',  one  of  which,  D,  is  fixed,  while  the  other,  D',  can  be  re- 
moved at  pleasure  to  a  greater  distance  from  D  by  a  spring  shown  in  section  at  p. 

Before  using  the  instrument  for  an  observation,  the  tube  T  is  filled  with 
water,  and  the  wedges  are  set  so  that  the  zeros  of  the  scale  and  vernier  coincide, 
and  the  analyser  a  is  then  turned  by  means  of  the  endless  screw,  v,  into  such  a 
position  that  on  looking  through  the  small  telescope  L,  the  two  halves  of  the 
double  plate  ffd  appear  uniformly  coloui-ed ,;  or  an  uniformly  coloured  field  is 
produced  by  adjusting  the  wedges,  and  the  zeros  of  the  scale  and  vernier  are  made 
to  coincide  by  moving  a  screw  connected  with  the  former.  If  the  tube  T  be  now 
filled  with  the  liquid  to  be  examined,  on  placing  it  between  the  diaphragms  DD', 
the  two  halves,  ff  and  d,  of  the  double  plate  will  be  found  to  exhibit  very  diiferent 
colours ;  and  to  restore  them  to  equality  the  compensator  r  must  be  so  adjusted 
as  to  produce,  together  with  the  plate  q,  a  rotation  opposite  to  that  of  the  liquid. 
The  direction  in  which  the  vernier  is  moved  along  the  scale  indicates  the  direc- 
tion of  the  rotation  exercised  by  the  liquid,  and  the  displacement  of  the  vernier 
gives  the  thickness  of  quartz  required  to  neutralize  this  rotation  when  the  thick- 
ness of  quartz  corresponding  to  one  division  of  the  scale  is  known.  In  the 
Soleil-Duboscq  instrument,  the  scale  is  so  graduated  that  lOO  divisions  corre- 
spond to  I  mm,  of  quartz,  and  the  vernier  is  merely  provided  with  a  single 
mark,  so  that  the  thickness  of  the  compensator  required  to  neutralize  the 
solution  may  be  ascertained  to  the  looth  of  a  millimetre. 

Either  ordinary  daylight  or  the  light  from  an  argand  lamp  is  employed. 
When  either  the  light  or  the  liquid  in  the  tube  is  coloured,  this  colour,  added 
to  that  produced  by  the  polarization,  modifies  the  sensitive  tint  and  diminishes 
the  accuracy  of  the  observation.  To  neutralize  this  colour,  in  some  instruments, 
a  double-refracting  prism,  n,  and  a  quartz  plate,  i,  fixed  in  a  socket  which  can 
be  turned  round  in  its  own  plane  by  means  of  a  toothed  wheel  or  pinion,  t,  and 
the  button  B  are  placed  at  K;  but  in  others  at  L.  The  plate  i  yields  a  colour 
which  may  be  varied  by  turning  the  prism  n,  so  that  a  position  of  this  prism 
may  be  found  which  gives  a  tint  capable  of  sensibly  neutralizing  that  of  the 
liquid  or  light  employed. 
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Soleil's  apparatus  is  especially  adapted  to  saccliarlne  solutions,  wliich,  as  Biot 
has  shown,  disperse  light  according  to  the  same  law  as  quartz,  the  angles  of  rota- 
tion for  the  different  simple  colours  being  approximaiely  proportional  to  the  squares 
of  the  indices  of  refraction,  or  inversely  as  the  squares  of  the  wave  lengths  ;  hence 
it  is  usually  called  a  saccharomcter.  But  it  does  not  give  good  results  with 
liquids  such  as  a  solution  of  tartaric  acid,  for  example,  whose  rotatory  power 
does  not  follow  Biot's  law  ;  for  determining  the  rotatory  power  of  such  liquids 
the  observation  must  be  made  with  monochromatic  light,  such  as  that  of  a 
Bunsen  or  spirit  Hame  tinged  yellow  with  sodic  chloride  or  sodic  carbonate.* 
The  instruments  most  frequently  employed  for  this  purpose  are  Wild's  polaris- 
trobometer,  and  the  Jellett-Cornu  polarimeter,  in  both  of  which  the  angle  is 
directly  observed  through  which  it  is  necessary  to  turn  the  polarizer  or  analyser 
so  as  to  neutralize  the  polarization  produced  by  a  column  of  the  liquid  or  solu- 
tion under  examination  contained  in  a  tube  of  known  length. 

In  Wild's  polaristrobometer  a  Savart  double  plate  of  quartz  is  placed  be- 
hind the  analyser,  and  between  it  and  the  tube  containing  the  liquid ;  on 
rotating  the  polarizer,  at  certain  positions  the  field  appears  perfectly  bright,  but 
at  others  is  crossed  by  a  number  of  dark  striae  which  are  more  or  less  marked 
according  to  the  relative  positions  of  the  polarizer  and  analyser.  The  instru- 
ment is  so  adjusted  that  the  zero  point  is  indicated  by  the  disappearance  of  these 
striae.  Supposing  the  field  to  be  perfectly  bright,  on  introducing  the  tube  con- 
taining the  rotating  liquid,  the  striae  at  once  become  visible,  and  in  order  to  cause 
them  to  disappear  the  polarizer  must  be  turned  through  a  certain  angle  either  to 
the  right  or  to  the  left :  this  angle  is  directly  observed  by  means  of  a  divided 
circle  attached  to  the  polarizer.  The  polarimeter  constructed  by  Hofmann  of 
Paris  is  a  similar  instrument. 

The  Jellett-Cornu  polarimeter  consists  simply  of  two  Nicol's  prisms,  the 
analyser  being  one  of  ordinary  construction,  but  the  polarizer  a  double  prism  of 
peculiar  construction.  At  a  certain  position  of  the  analyser  the  two  halves  of 
the  field  appear  equally  illuminated,  and  this  position,  which  may  be  determined 
with  great  precision,  is  the  zero  point  of  the  instrument;  the  angular  devia- 
tion is  read  off  on  a  divided  circle  attached  to  the  analyser  (Bull.  Soc.  Chim., 
1870,  xiv,,  141). 

Specific  Hotatoty  Potver. — The  specific  rotatory  power  of  an  optically  ac- 
tive body  is  the  angle  throu^gh  which  the  plane  of  polarization  of  a  given  ray  is 
rotated  by  passing  through  a  layer  one  decimetre  in  length  of  a  liquid  containing 
one  gram  of  active  substance  in  one  cc. ;  therefore  it  is  calculated  by  the  formula : 

^  -^        I   jl' 

'     100 

where  a  is  the  observed  angle  of  deviation  in  degrees  and  decimals  of  a  degree, 
I,  the  length  of  the  column  of  liquid  in  decimetres,  and 
c,  the  concentration,  i.e.,  the  number  of  grams  of  active  substance    in 
100  cc.  of  solution. 
For  example,  a  solution  of  cane  sugar  containing  10  grams  in  100  cc.  produces 
a  deviation  of  16'' "3  2  in  a  tube  220  mm.  long,  the  observation  being  made  for  the 
transition  tint  with  a  Soleil-Duboscq  saccharomcter  ;   therefore  : 

[a],    =    J^°-^'-     =    1^32    =     740„.. 

22  X  *IO  *22 


*  A  bead  of  sodic  chloride  produces  a  much  brighter  light  than  one  of  the 

cai'bonate. 
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But  if  the  concentration  is  measured  by  the  number  of  grams  p  in 
loo  grams  of  solution,  we  have  c~d.p,  where  d  is  the  sp.  gr.  of  the  pure, 
active  substance,  or  of  its  solution.  For  instance,  a  solution  of  dextrose  of 
the  specific  gravity  i'0359  at  17^*5  (63°-5  F.)  containing  9*3712  grams 
dextrose  in  100  grams  produces  a  deviation  of  io°'25  in  a  tube  200  mm,  long, 
the  observation  being  made  at  20°  (68°  F.)  with  the  Wild  polaristrobometer, 
using  sodium  light  j  hence  : 

Md  = =        ^  =  52  79. 

2  X  1-0359  X  -0937x2      •I9416 

When  the  observation  is  made  for  the  transition  tint,  the  specific  rotatory 
power  is  indicated  by  the  sign  [a]j,  and  when  it  is  made  with  the  sodium  flame 
by  the  sign  [a]ij ;  the  signs  Oj  and  Oj,  are  respectively  often  employed  to  indi- 
cate the  corresponding  observed  angular  deviations. 

When  the  determinations  are  made  with  any  of  the  forms  of  the  SoleU 
apparatus,  the  scale  readings  must  be  converted  into  degrees  before  the  cal- 
culation can  be  made  in  the  above  manner.  We  have  seen  that  in  the  case 
of  the  Soleil-Duboscq  polarimeter  the  observation  consists  in  determining  the 
number  of  looths  of  a  millimetre  of  quartz  required  to  compensate  the  rotation 
produced  by  the  liquid  under  examination,  zoo  divisions  of  the  scale  correspond- 
ing to  the  rotation  produced  by  i  mm.  of  quartz ;  i  mm.  of  quartz,  however, 
produces  a  rotation  of  24°  of  the  mean  yellow;  consequently  the  looth  of  a 
millimetre  of  quartz  corresponds  to  o°-24,  and  it  is  merely  necessary  to 
multiply  the  scale  reading  by  this  number  in  order  to  obtain  the  number  of  de- 
grees. For  example,  a  solution  containing  10  grams  of  cane  sugar  in  100  cc. 
requires  for  compensation  68  scale  divisions  or  68  hundredths  of  a  millimetre 
of  quartz,  and  hence  produces  a  deviation  of  6S  x  -24  or  16-32  degrees.  The 
scale  of  the  Soleil-Ventzke  saccharometer,  an  instrument  much  used  in  Germany, 
is  somewhat  less  open,  a  solution  of  16-19  gi*ams  cane  sugar  in  100  cc.  causing 
a  displacement  of  100  divisions  of  the  Soleil-Duboscq  scale,  but  a  solution  of  the 
sp.  gr.  1*1  at  I7°*5  (63°'5  F.)  containing  26*048  grams  of  cane  sugar  in  100 
cc,  being  required  to  produce  an  equal  displacement  of  the  Soleil-Yentzke  scale 
(Landolt,  Zeits.  anal.  Chem.,  vii,  6),  From  this  we  may  calculate  that  one 
division  of  the  Soleil-Ventzke  scale  is  equal  to  '^^^  or  1-608  divisions  of  the 

^  i6'i9 

Soleil-Duboscq  scale,  and  vice  versa,  that  one  division  of  the  latter  is  equal  to  ~^^ 
or  '621  of  a  division  of  the  former;  and,  therefore,  since  one  division  of  the 
Soleil-Duboscq  scale  is  equal  to  o°-24,  a  division  of  the  Soleil-Ventzke  (or 
Soleil-Ventzke-Scheibler)  scale  is  equal  to  0^-24  x  1-608  or  0^-3859, 

The  scale  readings  of  the  Soleil  apparatus  may  be  directly  converted  into 
degrees  of  rotation  for  sodium  light  in  the  following  manner.  100  divisions 
of  the  scale  of  the  Soleil-Duboscq  saccharometer  correspond  to  the  deviation 
of  24°  produced  by  a  plate  of  quartz  i  mm.  thick,  but  in  any  of  the  forms 
of  polarimeter  with  which  sodium  light  is  employed  a  plate  of  this  thick- 
ness causes  a  deviation  of  21°  48'=2i°-8o  (footnote,  p.  570);  hence  the 
rotation  in  sodium  light  corresponding  to  one  division  of  the  Soleil-Duboscq 
scale  is  ?^  =  o°*2i8.  The  rotation  corresponding  to  one  division  of  the  Soleil- 
Ventzke  scale  is  given  by  the  proportion : 

•24  :   -38    =    -218  :   -345. 

If  the  specific  rotatory  power  has  been  observed  and  calculated  for  the  transition 
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tint  and  It  be  desired  to  deduce  from  it  the  specific  rotatory  power  for  sodium 
light,  or  vice  versa,  we  may  proceed  as  follows  : 


Or  more  simply : 

•24  : 
•2X8   : 

•218    =    [aj    :   [aL 
•24    =    [«L  '  Wj. 

Wj   •: 

I'lO     = 

[«L ;  Wd  ^   I'l 

The  specific  rotatory  power  of  a  pure  liquid  substance  is  a  constant  number 
when  its  density  and  the  angular  deviation  which  it  causes  are  always  deter- 
mined for  the  same  temperature.  If,  however,  solutions  of  such  a  substance 
with  various  inactive  solvents  be  examined,  values  are  obtained  which  difier 
more  or  less  from  that  given  by  the  pure  substance,  according  to  the  nature  of 
the  inactive  solvent  and  the  proportion  in  which  it  is  present,  the  specific 
rotatory  power  of  some  substances  being  increased,  and  that  of  others  diminished 
on  dilution.  The  same  is  true  of  solid  substances  ;  so  that  the  value  obtained 
for  a  given  solution  does  not  represent  the  specific  rotatory  power  of  the  pure 
substance,  but  differs  from  it  to  an  unknown  extent  dependent  upon  the  influence 
which  the  inactive  solvent  exercises.  The  statement  of  the  specific  rotatory 
power  of  a  substance  in  solution  is  therefore  only  of  value  when  the  composition 
of  the  solution  is  also  cited.  Moreover,  the  influence  of  a  mixture  of  two  solvents 
is  often  very  different  from  that  of  either  alone,  and  on  this  account  it  is  neces- 
sary to  use  pure  solvents,  or  if  a  mixture  be  employed,  such  as  aqueous  alcohol, 
accurately  to  ascertain  its  composition ;  the  following  table  exhibits  the  alteration 
in  the  specific  rotatory  power  of  cinchonine  according  as  it  is  dissolved  in  alcohel 
or  chloroform,  or  a  mixture  of  the  two  in  various  proportions  (Oudemanns, 
Ann.  Chem.  JPharm.,  clxvi.  70) : 


Composition  of  the  Solution. 

Wd 

I 

lOOOO 

CHCI3 

+ 

O'OO 

C.H^O 

+ 

2  12°-© 

2 

99-66 

j> 

+ 

034 

j» 

+ 

2i6°-3 

3 

9874 

j> 

+ 

1-26 

it 

+ 

226''-4 

4 

94-48 

it 

+ 

5-52 

+ 

236^-6 

5 

86-95 

» 

+ 

13-05 

+ 

237°-o 

6 

82-26 

»» 

+ 

1774 

+ 

234"7 

7 

65-00 

)} 

+ 

35-00 

+ 

229°-5 

8 

4429 

j> 

+ 

55-71 

4- 

226°-6 

9 

27-54 

»> 

+ 

72-46 

f> 

+ 

22  7°-6 

10 

17-02 

» 

+ 

82-98 

j» 

+ 

22f-S 

II 

0-00 

>» 

+ 

lOO'OO 

j» 

+ 

2  28°-0 

The  specific  rotatory  power  of  many  substances  is  also  influenced  by  tem- 
perature, being  in  some  cases  diminished,  and  in  others  increased.  For  example, 
at  about  20°  C.  a  rise  of  1°  C.  reduces  the  angular  deviation  produced  by  a 
column  I  decimetre  long  of  nicotine  o°o5,  of  orange  peel  oil  o''-i9,  and  of  an 
aqueous  solution  of  invert  sugar  containing  17  grams  in  100  cc.  by  o^'ii;  on 
the  other  hand,  the  angular  deviation  is  increased  in  the  case  of  an  aqueous 
solution  of  tartaric  acid  by  a  rise  of  temperature.  It  is  therefore  of  importance 
always  to  take  note  of  the  temperature  at  which  the  angular  deviation  produced 
by  a  given  liquid  or  solution  is  determined,  and  for  accurate  determinations  it  is 
desirable  to  surround  the  tube  of  the  polarimeter  with  an  outer  casing,  and  to 
allow  water  of  known  temperature  to  circulate  in  the  space  between. 
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Inasmuch  as  the  specific  rotatory  powers  of  various  substances  can  only  be 
properly  compared  together  when  the  vahies  which  appertain  to  them  in  the 
pure  state  are  known,  and  as  the  specific  rotatory  powers  of  solid  bodies  cannot 
as  a  rule  be  directly  determined  for  the  pure  substances,  but  only  for  their  solu- 
tions, it  is  of  importance  to  be  able  to  deduce  the  values  for  the  former  from 
observations  made  with  solutions.  Biot  has  shown  that  if  the  specific  rotatory 
powers  of  a  number  of  mixtures  of  an  optically  active  liquid  substance  with 
an  inactive  chemically  indifferent  solvent  are  determined,  and  the  variations 
represented  graphically,  the  percentages  by  weight  of  the  inactive  solvent  (q) 
being  taken  as  abscissae,  and  the  corresponding  values  for  [a]  as  ordinates,  in 
some  cases  the  increase  or  diminution  in  specific  rotatory  power  is  represented 
by  a  straight  line,  being  proportional  to  the  dilution,  and  may  therefore  be 
expressed  by  the  linear  equation : 

I.  [a]    =    A    +    Bq, 

A  and  B  being  constants  deduced  from  the  observations.  In  other  cases  a 
curve  is  obtained,  which  is  usually  a  portion  either  of  a  parabola  or  of  an  hyperbola, 
and  the  relation  of  the  specific  rotatory  power  to  q  is  represented  by  an  expres- 
sion of  the  form  : 

II.  [a]    -    A    +    B^    +    C/    +    .  .  . 

or  an  equation  having  a  greater  number  of  constants. 

With  liquid  bodies,  commencing  with  the  pure  substance,  the  variation  in 
specific  rotatory  power  due  to  the  influence  of  the  solvent  may  be  determined  for 
all  degrees  of  dilution,  and  the  entire  curve  constructed  from  q  =  o  almost  to 
q=  I oo.  In  this  case  the  specific  rotatory  power  of  the  pure  substance  is  put 
in  place  of  A  in  the  above  formulae,  and  the  values  calculated  for  B,  or  for  B 
and  C,  then  represent  the  increase  or  diminution  of  A  due  to  i  per  cent,  of  the 
solvent.  If  2'  =  o  then  [a]  =  A  :  in  other  words,  we  have  the  specific  rotatory 
power  of  the  pure  substance;  but  if  g'=  lOO,  a  number  is  obtained  which  ex- 
presses the  specific  rotatory  power  of  the  substance  when  diluted  to  an  indefinite 
extent :  that  is  to  say,  the  maximum  deviation  of  [a].  But  in  the  case  of  solids  the 
value  of  A  cannot  be  directly  observed,  and  the  extent  to  which  the  curve  can  be 
plotted  is  dependent  upon  the  solubility  of  the  substance.  The  constants  of  the 
formulae  I.  and  II.  deduced  from  the  observations  are  strictly  available  only  for 
interpolation  between  the  limits  of  concentration  of  the  solutions  actually  employed, 
although  if  the  variation  in  specific  rotatory  power  is  expressed  by  a  straight  line, 
that  is  to  say,  by  the  formula  [a]  =  A  +  Bg-,  the  value  of  A  may  be  determined  by 
extrapolation.  Obviously,  however,  if  the  variation  be  represented  by  a  curve,  the 
value  deduced  for  A  in  the  formula  [a]  =  A  +  Bq  +  Cq^  will  approximate  less  closely 
to  the  true  value  for  the  specific  rotatory  power  of  the  pure  substance  the  shorter 
the  length  of  the  curve  which  can  be  ascertained  by  experiment.  The  determina- 
tion of  the  true  specific  rotatory  power  of  a  solid  substance  is  therefore  dependent  on 
its  solubility,  and  may  at  once  be  looked  upon  as  hopeless  if  only  dilute  solutions  can 
be  prepared,  and  it  is  found  that  the  increase  or  diminution  in  the  value  of  [a]  is 
not  proportional  to  q.  From  this  also  it  follows  that  the  solvent  employed 
should  be  that  which  is  capable  of  dissolving  the  greatest  quantity  of  the  sub- 
stance of  which  it  is  sought  to  determine  the  true  specific  rotatory  power. 

Landolt  {Deut.  cliem.  Ges.  Bey.,  ix.  901)  concludes  from  his  experiments 
that  the  degree  of  certainty  with  which  the  true  specific  rotatory  power  of  a 
substance  can  be  determined  from  that  of  its  solutions  is  different  for  every 
substance,  being  dependent  on  the  following  circumstances:  i.  On  the  degree  of 
variation  which  the  rotatory  power  of  the  substance  undergoes  under  the  influence 
of  the  solvent ;  2.  On  the  manner  in  which  the  variation  is  affected  by  an  increase 
of  the  solvent,  i.e.,  whether  the  variation  is  expressed  by  a  straight  line  or  a  line 
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more  or  less  curved;  3.  On  the  concentration  of  the  solution.  In  those  cases  in 
which  the  linear  equation  [a]  =  A  +  Bq  is  available  for  the  calculation  of  A,  the 
value  deduced  practically  coincides  with  that  observed  for  the  pure  substance,  if 
the  most  concentrated  solutions  employed  contain  not  less  than  about  50  per  cent, 
of  the  active  body  ;  but  if  the  variation  be  such  that  it  is  expressed  by  the  para- 
bolic equation  [a]  =  A  +  Bg  +  Cq"",  differences  of  more  than  1°  occur  if  solutions 
containing  less  than  about  80  per  cent,  of  active  substance  are  employed. 

In  the  following  table  given  by  Landolt,  the  specific  rotatory  power  of  a 
number  of  substances  deduced  directly  from  observations  with  the  substances 
themselves,  and  indirectly  from  their  solutions  are  given  ;  the  limiting  values  for 
q  =  o  and  g'=  100  are  stated,  and  it  will  be  noticed  how  great  in  many  instances 
is  the  variation  of  specific  rotatory  power  due  to  the  influence  exercised  by  the 
inactive  solvent: 


For  the  Pure 

Substance. 

For  Maximum 
Dilution. 
9=100 

Difference. 

I.  Ij(Bvorotatory  Turpentine  Oil. 
Directly  observed 

Calculated  from   the  alcoholic  solution 

„              „      solution  in  benzene . . . 

„               „        acetic  acid 

37°-oi 
36^-97 
36°-97 
36°-89 

38°-79 
39°79 

4o"'72 

I°-82 
2°-82 

3°-83 

II.   Dextrorotatory  Turpentine  Oil. 
Directly  observed      ... 
Calculated  from  the  alcoholic  solution 

i4°-i5 
i4°-i7 

15^35 

i°i8 

III.  Nicotine  (Isevorotatory) 
Directly  observed 

Calculated  from  the  alcoholic  solution 
aqueous 

i6i^-55 
i6o°-83 
i6i°'24 

i38°'59 

74°-i3 

22°-24 

87°-i6 

IV.  JEthylic  tartrate  (dextrorotatory). 

Directly  observed 

Calculated  from  the  alcoholic  solution 
„     „     solution  in  methylic  alcohol 
„     „     aqueous  solution 

8-31 
8"-27 
8°-42 
8°-o9 

io°-i9 
ii°-i9 
28°- 1 2 

1^92 

2°77 

20°-03 

The  substances  included  in  this  table  are  all  liquids,  but  the  same  method  is 
doubtless  applicable  to  the  determination  of  the  specific  rotatory  powers  of  solids, 
as  Biot  has  shown  that  the  values  deduced  for  cane  sugar  and  tartaric  acid  from 
observations  with  their  solutions  agree  with  those  obtained  for  the  solids  them- 
selves. 

The  manner  in  which  the  quantity  of  an  optically  active  substance  present 
in  a  given  solution  may  be  estimated  by  the  observation  of  its  rotatory  power 
will  be  described  later  on  under  dextrose,  cane  sugar,  and  starch. 

We  shall  have  occasion  to  refer  to  certain  speculations  as  to  the  connexion 
between  optical  activity  and  constitution  when  discussing  the  constitution  of  the 
carbohydrates. 

From  the  following  description  of  the  carbohydrates  it  will  be  evident  that  the 
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correct  determination  of  their  specific  rotatory  power  is  of  fundamental  impor- 
tance ;  and  in  concluding  this  account  of  the  methods  in  use,  we  may  direct 
attention  to  the  necessity  of  extending  the  observations  to  solutions  of  various 
degrees  of  concentration,  so  as  to  enable  the  true  specific  rotatory  power  to  be 
calculated.  For  most  of  the  carbohydrates  we  are  at  present  only  acquainted  with 
what  may  be  termed  the  apparent  specific  rotatory  power,  i.e.,  the  specific- 
rotatory  power  which  they  exhibit  in  solution,  and  with  scarcely  an  exception; 
the  concentration  of  the  solutions  examined  has  varied  within  very  narrow  limits ; 
in  fact,  the  influence  of  all  the  various  factors  which  affect  the  rotatory 
power,  such  as  temperature,  concentration,  and  nature  of  the  solvent,  has^  not 
been  ascertained  for  a  single  optically  active  substance.  As  we  have  already 
observed,  the  composition  of  the  solution  from  which  the  apparent  specific  rota- 
tory power  of  the  body  under  examination  is  deduced  should  always  be  stated, 
and  also  the  temperature  at  which  it  is  prepared,  and  at  which  the  rotatory 
pQwer  is  observed  j  moreover,  in  order  to  enable  others  to  judge  of  the  accuracy 
of  the  instrument  employed,  and  of  the  method  of  observing,  each  operator  should 
state  the  value  he  has  found  for  'pwre  cane  sugar — a  substance  which  may  be 
procured  without  great  difficulty,  giving  all  the  details  of  his  method,  of  operating. 

The  carbohydrates  may  provisionally  be  arranged  in  three 
groups,  according  to  their  composition.  The  first  group  includes 
all  those  represented  by  the  formula  CgH^gOg,  and  may  be  termed 
the  glucose  group.  The  second,  or  cane  sugar  group,  includes 
those  represented  by  the  formula  C^gHogO^j.  The  third,  or 
starch  group,  includes  all  carbohydrates  represented  by  the  formula 
(CgHj^Og)^,  in  which  n  is  always  a  whole  number ;  but  the  mem- 
bers of  this  group  form  several  sub-groups.  We  shall  in  the 
first  place  describe  the  chief  properties  of  the  individual  carbo- 
hydrates, and  afterwards  discuss  their  genetic  relations.  It  will 
often  be  more  convenient,  however,  instead  of  describing  all  the 
members  of  one  group  before  those  of  another,  to  consider  a. 
member  of  one  group  in  connexion  with  a  menaber  of  anqther 
to  which  it  is  intimately  related.  i. 

I.   Carbohydrates  of  the  Composition  C^^fi^  or  Glucoses. 

(1556)  SucRODEXTROsE,  Dextrose  or  Dextroglucose  ;  Glucose ^ 
Grape  or  Honey  Sugar  :  CgH^gOg. — This  carbohydrate  is  widely 
distributed  throughout  the  vegetable  kingdom,  being  especially 
abundant  in  the  juice  of  ripe  sweet  fruits — the  name  grape 
sugar  being  derived  from  its  occurrence  in  considerable  quantity 
in  ripe  grapes;  it  is  also  present  in  honey;  but  in  most  cases  it 
is  accompanied  by  sucrolsevulose,  and  frequently  also  by  cane 
sugar.  It  is  obtained,  together  with  an  equal  quantity  of 
sucrolsevulose,  on  heating  a  solution  of  cane  sugar  with  dilute  acids. 

It  is  most  conveniently  prepared  from  crystallized  honey,  which  is  first 
spread  out  on  a  porous  plate  of  p' aster,  or  pressed  between  folds  of  bibulous 
paper,  to  free  it  as  much  as  possible  from  the  liquid  portion.  The  nearly  solid 
mass  is  then  dissolved  in  alcohol,  a  small  quantity  of  hydrochloric  acid  added, 
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and  the  solution  boiled  for  a  short  time  in  order  to  convert  any  cane  sugar  pre- 
sent into  dextrose  and  Isevulose ;  it  is  afterwards  evaporated  to  a  thin  syrup  in 
a  flat  dish  at  a  gentle  heat.  The  crystals  which  separate  sooner  or  later  from 
the  syrup  are  washed  with  dilute  alcohol,  pressed,  then  triturated  with  strong 
alcohol,  and  afterwards  washed  on  a  filter  with  strong  alcohol  and  recrystal- 
lized  from  water.  If  the  crystals  are  coloured  they  may  be  again  dissolved 
in  a  small  quantity  of  water  and  treated  with  animal  charcoal. 

Sucrodextrose  is  soluble  in  a  little  more  than  its  own  weight 
of  water  at  ordinary  temperatures ;  if  the  solution  be  evaporated 
to  a  thin  syrup  it  solidifies  after  a  few  days  to  a  granular  mass, 
but  if  evaporated  to  a  thick  syrup  it  does  not  solidify,  owing  to 
the  absence  of  sufficient  water,  until  it  has  absorbed  moisture 
from  the  air.  It  generally  separates  from  the  aqueous  solution  in 
white  opaque  hemispherical  or  caulifiower-like  masses  of  the  com- 
position CgHjgOg  i-  OH2 ;  when  magnified,  these  aggregates  are 
seen  to  consist  of  six-sided  tables  or  prisms.  At  17°  {62<°'6  F.) 
it  requires  about  50  pts.  of  alcohol  of  sp.  gr.  '83  to  dissolve  it, 
but  only  about  5  pts.  of  the  boiling  alcohol ;  it  crystallizes  from 
anhydrous  alcohol  in  small  well-defined  prisms  without  water  of 
crystallization.  It  is  much  less  sweet  to  the  taste  than  cane 
sugar.  The  hydrated  crystals  melt  at  86°  (i86°-8  F.),  and  the 
anhydrous  compound  at  146°  (294°'8  F.)  (Schmidt,  Ann.  Chem. 
Pharm.j  cxix.  92) ;  at  82°  (i79°'6  F.)  and  144°  {2i)\°"Z  F.)  (Hesse, 
ibid.,  clxxvi.  103).  On  heating  to  about  170°  (338°  F.)  it  loses 
the  elements  of  a  molecule  of  water,  and  is  converted  into  glu- 
cosan,  CgHj^Og ;  if  the  heating  be  continued,  caramel-like  sub- 
stances are  produced.  The  hydrated  crystals  of  dextrose  may 
be  rendered  almost  completely  anhydrous  by  heating  to  about 
70°  (158°  F.),  the  last  traces  of  water  being  given  off  at  a  tem- 
perature below  100°  (212°  F.)  (Hesse).  The  anhydrous  crystals 
deposited  from  alcohol  are  not  hygroscopic,  but  anhydrous 
dextrose  which  has  undergone  fusion  rapidly  absorbs  water  in 
moist  air. 

According  to  various  observers  (Dubrunfaut,  Schmidt,  Hesse), 
a  freshly  prepared  solution  of  either  the  anhydrous  or  hydrated 
crystals,  or  of  sucrodextrose  which  has  been  rendered  anhydrous 
without  fusion,  has  an  apparent  specific  rotatory  power  calculated 
for  the  anhydrous  substance  of  [a]j  =  -i-ioi° — 106°  ;  the  optical 
activity  gradually  diminishes,  however,  to  half  this,  and  then 
remains  constant.  This  diminution  of  rotatory  power  takes 
place  slowly  at  0°  (32°  F.),  but  is  complete  in  24  hours  at  the 
common  temperature,  or  in  a  few  minutes  at  100°  (212°  F.)  ; 
moreover,  a  freshly  prepared  solution  of  dextrose  which  has 
undergone  fusion  at  once  exhibits  the  lower  rotatory  power. 
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The  constant  apparent  specific  rotatory  power  of  sucrodextrose 
at  the  ordinary  temperature  observed  for  solutions  containing 
10  per  cent,  or  thereabouts^  and  calculated  for  the  anhydrous 
substance^  is  somewhat  variously  stated — viz.,  [a]j=+53°*2 
(Dubrunfaut),  ^6""  (Berthelot),  57°  (Schmidt),  ^f'^  (Bechamp), 
Sf-6  (O^Sullivan);  and  [a]„=5o°-9  (Hesse),  53°  (ToUens)  : 
the  higher  values  are  doubtless  the  more  correct.^ 

Dextrose  furnishes  a  number  of  unstable  metallic  derivatives, 
most  of  which  are  soluble  in  water ;  their  composition  has  only 
been  imperfectly  determined,  but  excepting  the  lead  derivatives 
they  appear  to  be  formed  by  the  displacement  of  at  most  two 
atoms  of  hydrogen.  Thus,  on  mixing  alcoholic  solutions  of  dex- 
trose and  potassic  hydrate,  a  white  gelatinous  precipitate  of  a 
potassium  derivative  is  obtained,  which,  however,  soon  becomes 
brown.  An  aqueous  solution  of  dextrose  dissolves  considerable 
quantities  of  the  hydrates  of  barium,  strontium,  or  calcium, 
forming  yellow  solutions  precipitable  by  alcohol,  which,  even  if 
protected  from  the  air,  become  darker  and  are  decomposed  when 
kept  or  heated.  A  solution  of  dextrose  is  not  precipitated  by  either 
normal  or  basic  lead  acetate,  but  an  ammoniacal  solution  of  the 
normal  acetate  produces  a  white  precipitate.  In  the  presence  of 
alkali  a  solution  of  dextrose  dissolves  a  large  quantity  of  cupric 
hydrate,  forming  a  deep  blue  coloured  liquid,  from  which  cuprous 
oxide  separates  after  some  time  on  standing  at  the  ordinary  tem- 
perature, and  quickly  on  heating ;  according  to  Clans  {Journ.  pr, 
Chem.  [2],  iv.  96),  one  molecule  of  dextrose  dissolves  three  mole- 
cules of  cupric  hydrate,  the  solution  of  each  molecule  of  the 
latter,  however,  being  dependent  on  the  presence  of  a  certain 
fixed  quantity  of  alkali. 

On  allowing  a  concentrated  solution  of  sucrodextrose  and 
sodic  chloride  in  the  proportion  of  two  mols.  of  the  former  to 


*  The  influence  of  temperature  and  concentration  on  the  apparent  specific 
rotatory  power  of  pure  sucrodextrose  from  cane  sugar  or  honey  requires  investi- 
gation :  apparently  temperature  has  but  little  influence,  but  according  tj 
Hesse's  observations  (loc.  cit.),  the  rotatory  power  diminishes  slightly  with  the 
concentration  for  solutions  containing  from  i  to  12  grams  per  100  cc,  whereas 
from  Tollens'  observations  (Deut.  chem.  Ges.  Ber.,  ix,  153 1)  it  appears  that 
commencing  with  solutions  containing  10 — 14  per  cent,  the  rotatory  power  in- 
creases considerably  with  increase  of  concentration  (see  Starch) ;  it  is  not  im- 
probable, however,  that  Hesse's  higher  values  are  due  to  slight  errors  of  obser- 
vation, which  tend  the  more  to  disturb  the  result  the  weaker  the  solution  for 
which  the  observation  is  made,  an  error  of  5'  making  a  difference  of  no  less 
than  4°  in  the  specific  rotatory  power  in  the  case  of  a  solution  containing  only 
1  gram  in  100  cc. 
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rather  more  than  one  mol.  of  the  latter  to  evaporate  over  sulphuric 
acid,  the  compound  iCgH^gOg.NaCl  +  OHg  separates  in  large  colour- 
less lustrous  crystals.  An  analogous  compound  with  sodic  iodide, 
aCgHjgOg.Nal,  may  he  still  more  readily  prepared  (C.  H.  Gill, 
private  communication). 

On  heating  dehydrated  crystallized  dextrose  with  about  2J 
times  its  weight  of  acetic  anhydride  in  an  open  vessel  a 
violent  reaction  takes  place,  and  a  mixture  of  a  di-  and  tri- 
acetate :  CgHio(C2H302)204  and  CgH9(C2H302)303,  is  produced, 
which  may  be  separated  by  boiling  benzene,  as  the  latter  only  is 
soluble  in  this  liquid ;  they  are  amorphous,  bitter  tasting  sub- 
stances, soluble  in  water.  By  heating  the  triacetate  with  a  large 
excess  of  acetic  anhydride  for  six  hours  at  160°  (320°  F.),  it  is 
converted  into  the  octacetate  of  a  compound  formed  by  the  with- 
drawal of  the  elements  of  a  molecule  ofwater  from  two  molecules 
of  dextrose  :  0^2^14(^311302)803 ;  this  is  an  amorphous  tasteless 
substance,  insoluble  in  water.  These  acetyl  derivatives  of 
glucose  are  all  dextrorotatory  (Schiitzenberger,  Ann.  Chim.  Phys. 
[4],  xxi.  235).  ^ 

By  the  action  of  an  excess  of  acetic  chloride  at  ordinary 
temperatures,  dextrose  is  readily  converted  into  the  chloracetin 
Q^^Q\{C^fi^fi  (acetochlorhydrose),  which  on  treatment 
with  cold  highly  concentrated  nitric  acid  yields  the  nitracetin 
CgH^(N03)(C2H302)40.  The  former  compound  crystallizes  with 
difficulty  ;  the  latter  crystallizes  readily  in  oblique  prisms  or  large 
rhombic  plates,  insoluble  in  water,  but  soluble  in  alcohol,  and 
melts  at  145°  (293°  F.)  without  decomposition.  Both  are  more 
powerful  dextrorotatory  substances  than  dextrose  (Colley,  Compt, 
Rend.,  Ixx.  401  ;  Ixxvi.  436;  Ann.  Chim.  Phys.  [4],  xxi.  366). 

If  perfectly  anhydrous,  and  it  be  added  gradually,  dextrose 
dissolves  in  concentrated  sulphuric  acid  without  causing  the 
discoloration  of  the  liquid,  thus  differing  from  cane  sugar  which, 
unless  the  greatest  care  be  taken,  is  at  once  carbonized ;  an  acid 
ethereal  salt,  probably  analogous  to  the  acid  sulphate  of  glycerin 
(p.  540)  is  formed,  but  on  account  of  the  readiness  with  which  this 
salt  is  reconverted  into  its  generators  by  water,  its  composition 
has  not  yet  been  satisfactorily  ascertained.  The  exact  com- 
position of  the  nitrate  formed  on  treating  dextrose  with  highly 
concentrated  nitric  acid  is  also  unknown. 

As  already  stated  (p.  ^^6),  sucrodextrose  is  converted  into 
mannitol  by  the  action  of  nascent  hydrogen. 

Characteristic  products  have  not  as  yet  been  obtained  fron] 
it  by  the  action  of  the  halogens,  of  the  haloid  acids,  or  of  the 
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haloid  phosphorus  compounds,  chiefly  because  of  the  difficulty  of 
avoiding  its  complete  decomposition  by  these  reagents  (comp. 
Colley,  loc.  cit.). 

It  is  very  readily  decomposed  by  alkalies,  a  solution  to  which 
an  alkali  has  been  added  rapidly  becoming  yellow  and  then  brown 
when  heated,  and  if  the  heating  be  continued  humus-like  sub- 
stances separate;  a  similar  change  slowly  ensues  at  ordinary 
temperatures.  According  to  Peligot,  the  product  of  the  mode- 
rated action  of  alkalies  is  an  amorphous  very  soluble  substance, 
precipitable  by  basic  plumbic  acetate,  which  he  terms  glucic  acid  ; 
he  assigns  to  it  the  formula  ^i^^fiv  ^^*  *^^^  cannot  be  regarded 
as  established,  and  more  recent  researches  have  failed  to  throw 
light  on  the  nature  of  the  reaction.  By  heating  dextrose  with 
sodic  hydrate  solution  in  the  proportion  of  500  grams  of  the 
former  to  500  cc.  of  a  solution  of  the  latter  of  the  sp.  gr.  i'34 
diluted  with  an  equal  volume  of  water,  Hoppe-Seyler  (Deut.  chem. 
Ges.  Ber.,  iv.  346)  Mks  obtained  ordinary  fermentation  lactic  acid, 
together  with  formic  acid,  which  is  the  only  volatile  acid  pro- 
duced, small  quantities  of  pyrocatechol,  and  uncrystallizable 
substances  of  unknown  composition.  The  reaction  commences 
at  about  96°  (204°' 8  F.),  and  is  extremely  violent,  the  tempera- 
ture of  the  liquid  rising  to  about  116°  (240°-8  F.).  The  lactic 
acid  produced  amounts  to  10 — 20  per  cent,  of  the  air-dry  sugar. 

Dextrose  is  also  acted  upon  with  extreme  facility  by  oxidizing 
agents.  It  has  already  been  pointed  out  that  it  easily  reduces 
an  alkaline  solution  of  cupric  sulphate ;  numerous  experiments 
have  shown  that  exactly  five  molecules  of  the  cupric  salt  are  reduced, 
and  two  and  a  half  molecules  of  cuprous  oxide  precipitated  for  each 
molecule  of  dextrose  oxidized,"^  and  it  is  on  this  fact  that  the 
method  for  the  estimation  of  dextrose  described  on  pp.  568 — 569  is 
based.  Dextrose  is  also  oxidized  by  an  alkaline  solution  of  potassic 
ferricyanide ;  it  precipitates  silver  from  a  solution  of  argentic 
nitrate  on  boiling ;  it  reduces  ferric  to  ferrous  salts,  and  on  heat- 


*  Although  the  amount  of  cupric  salt  reduced  by  a  given  quantity  of  dextrose 
is  constant,  the  nature  of  the  reaction  has  not  been  ascertained,  but  it  is  appa- 
rently extremely  complex.  Thus,  from  a  number  of  experiments  on  the  action 
of  cupric  hydrate  in  presence  of  potassic  hydrate,  Claus  [Ann.  Chem.  Pharm., 
cxlvii.  114;  Journ.  pr.  Chem.  [2],  iv.  63)  considers  that  the  products  are  of 
three  kinds — viz.:  I.  Acetic  and  formic  acids.  2.  A  mixture  of  non-volatile 
acids  containing  tartronic  acid,  which  can  be  separated  in  the  crystalline  state, 
and  which  furnishes  crystalline  salts  ;  an  acid  which  is  readily  decomposed  on 
heating  its  aqueous  or  ammoniacal  solution,  with  separation  of  humus-like  sub- 
stances ;  and  at  least  one  other  acid,  which  is  not  only  itself  uncrystallizable,  but 
also  furnishes  uncrystallizatle  salts.     3.  A  gum-like  substance. 
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ing  it  witli  a  solution  of  sodic  carbonate  and  basic  bismutbic 
nitrate,,  a  black-brown  liquid  and  greyisb-brown  precipitate  are 
obtained.  On  boiling  it  with  an  alkaline  solution  of  mercuric 
cyanide,  metallic  mercury  is  precipitated ;  Knap  has  based  on 
this  reaction  a  method  for  the  determination  of  dextrose  (Ann, 
Chem.  Pharm.j  cliv.  252),  which,  however,  according  to  Sachsse,  is 
not  reliable  (see  Cane  Sugar,  Estimation  of). 

When  dextrose  is  heated  with  bromine  and  water,  it  yields 
hydrobromic  acid,  a  dark  brown  liquid,  and  humus-like  products ; 
but  on  passing  chlorine  into  a  cold  dilute  aqueous  solution  of 
dextrose  as  long  as  absorption  takes  place,  then  expelling  the 
dissolved  chlorine  by  a  current  of  carbonic  anhydride,  treating 
the  warmed  liquid  with  argentic  hydrate  until  neutral,  and  precipi- 
tating the  dissolved  silver  by  sulphuretted  hydrogen,  a  solution  of 
gluconic  acid  is  obtained  (Hlasiwetz  and  Habermann,  ibid.,  civ. 
123).  Gluconic  acid  is  a  syrup,  but  its  baric,  calcic,  and  ethylic 
salts  crystallize  well ;  it  has  the  composition  CgH^gOy,  and  is  per- 
haps a  monobasic  acid  of  the  formula  CH2(OH)(CH.OH)4.COOH. 
By  boiling  with  dilute  nitric  acid,  dextrose  is  oxidized  to  sac- 
charic acid,  C00H.(CH.0H)4.C00H,  and  oxalic  acid.  On  dis- 
tillation with  oxidizing  agents  such  as  manganic  peroxide  and 
sulphuric  acid,  it  yields  formic  acid. 

A  dilute  aqueous  solution  of  dextrose  readily  undergoes  alco- 
holic fermentation  when  mixed  with  beer  yeast,  100  pts.  dextrose 
yielding  48 — 49  pts.  alcohol. 

(1557)  Dextroglucoses  from  variotis  sources,  which  are  jperha^s  identical 
with  Sucrodextrose. — ^A  number  of  glucosides  (q.v.)  furnish  bodies  of  the  compo- 
sition CgH^p^  when  decomposed  by  heating  with  dilute  acids,  but  scarcely  any 
of  the  glucoses  thus  obtained  have  been  sufficiently  examined  to  enable  us  to  say 
that  they  are,  or  are  not,  identical  with  sucrodextrose.  According  to  Schmidt 
{ibid.,  cxix.  92),  the  glucoses  from  salicin  and  amygdalin  have  the  same  rotatory 
power  as  sucrodextrose  prepared  from  honey;  Hesse  (ibid.,  clxxvi.  112),  however, 
states  that  he  found  them  possessed  of  a  slightly  higher  rotatory  power,  and  that 
glucose  from  salicin  parts  with  its  water  of  crystallization  much  more  readily 
than  sucrodextrose,  but  it  would  appear  from  his  statements  that  on  dehydrating 
salicin-dextrose  crystallized  from  water  it  is  converted  into  sucrodextrose. 
Whether  the  differences  observed  by  Hesse  are  really  inherent,  however,  or  due 
to  impurity  or  imperfect  observation,  can  only  be  decided  by  a  more  careful 
examination.  According  to  the  same  observer,  the  dextrose  from  phloridzin  is 
essentially  different  from  sucrodextrose:  the  hydrated  crystals  melt  at  74° 
(i65°*2  F.) ;  they  lose  only  6*7  per  cent,  of  their  water  of  crystallization  when 
heated  to  60° — 70°  (140° — 158°  F.)  ;  and  require  the  temperature  to  be  raised 
to  105°  (221°  F.)  in  order  to  expel  the  last  traces  of  water.  It  also  differs  from 
sucrodextrose  in  optical  activity,  its  apparent  specific  rotatory  power  calculated 
for  the  anhydrous  substance  in  a  solution  containing  3  per  cent,  of  the  hydrate 
CjHjjOg  +  OHj  being  for  the  freshly-prepared  solution  ^^  =  89°,  and  after 
standing  [ajn  =  44°. 
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According  to  Will  and  Korner  {Ann.  Chem.  Pkarm.,  cxxv.  275),  the  glucose 
obtained  from  mjTonic  acid  is  identical  with  sucrodextrose.  It  crystallizes  from 
water  in  cauliflower-like  masses  of  the  composition  CgH^^Og  +  OH^,  which  melt 
at  86°  (i86°'8  F.),  and.  from  absolute  alcohol  in  anhydrous  nodules  consisting 
of  fine  needles,  which  melt  at  144° — 146°  (29i°*2 — 294"-8  F.).  It  is  dextro- 
rotatory— to  what  extent  is  not  stated — and  has  the  same  cupric  oxide  reducing 
power  as  sucrodextrose. 

Zwenger  and  Hind  (ibid.,  cxviii.  149)  state  that  the  glucose  from  solanin 
has  all  the  properties  of  sucrodextrose,  but  they  only  mention  that  it  crystallizes 
in  colourless,  well-formed,  apparently  rhombic  prisms. 

According  to  Briicke  and  Bence  Jones,  dextroglucose  occurs  in  small  quantity 
in  normal  urine,  and  it  is  present  in  considerable  quantity,  even  to  the  extent  of 
eight  or  ten  per  cent.,  in  diabetic  urine.  It  is  generally  stated  that  dextrose 
from  diabetic  urine  is  identical  with  sucrodextrose,  but  apparently  this  is  by  no 
means  established.  Thus,  Hoppe-Seyler,  in  1865,  using  diabetic  sugar  ten  to 
twelve  times  recrystallized  from  alcohol,  found  the  apparent  specific  rotatory 
power  for  a  solution  containing  36  grams  in  100  cc.  to  be  [ajj,  =  53°*45  ;  a 
later  determination  with  a  Wild's  polaristrobometer  gave  [_a]^=  52°'!,  the  pre- 
vious determination  having  been  made  by  Broch's  method  for  the  Fraunhofer 
line  D.  Eecently  (Zeits.  anal.  Chem.  1875,  xiv.  303)  he  has  obtained  the 
mean  value  [a]D  =  56,°'4  for  solutions  containing  from  4*5  to  26  per  cent,  by 
weight  of  the  anhydrous  dextrose,  which  had  been  carefully  purified  by  often- 
repeated  crystallization  from  alcohol;  this  value  is  considerably  higher  than  that 
given  by  sucrodextrose,  and  would  appear  to  indicate  that  dextrose  from  diabetic 
urine  is  not  identical  with  sucrodextrose.  Pasteur  {Ann.  Chim.  JPhys.  [3],  xxxi. 
92)  found  the  apparent  specific  rotatory  power  of  the  sodium  chloride  compound 
2CgH^20g.NaCl  +  HjO  prepared  from  diabetic  sugar  to  be  [a]j  =  47°*  14,  and  on  the 
supposition  that  the  dextrose  in  this  compound  retains  its  proper  optical  activity 
unmodified,  we  may  calculate  its  apparent  specific  rotatory  power  by  the  proportion 

436-4:  360   =   47°*i4.'  57°'i; 
and' thus  obtain  a  value  agreeing  nearly  with  that  directly  observed  for  sucro* 
dextrose.* 

The  dextroglucoses  from  cellulose,  glycogen,  and  starch  will  be  described  later 
on,  when  these  compounds  are  considered. 

*  The  rotatory  power  of  the  sodium  chloride  compound  prepared  from  sucro- 
dextrose has  apparently  not  been  determined.  According  to  Stsedeler,  the  com- 
pounds CgH^Pg.NaCl  and  2CgH^Pg.2NaCl  +  H^O  sometimes  separate  from 
diabetic  urine  containing  sodic  chloride. 

The  determination  of  the  nature  of  the  dextrose  in  diabetic  urine  is  of  impor- 
tance apart  from  its  scientific  value,  as  the  optical  method  is  usually  employed  in 
estimating  the  amount  of  sugar  in  urine.  The  deviation  produced  by  the  urine  in 
a  tube  of  known  length  having  been  ascertained,  the  number  of  grams  of  sugar  {x) 
contained  in  100  cc.  is  calculated  by  the  formula 

100  .  a.                100  .  a,, 
X   —    1     or 

Wi  M»  .' 

^ae^rding  as  the  observation  is  made  for  the  transition  tint  or  with  sodium  light, 
^j  or  aji  being  the  observed  angular  deviation  for  a  column  one  decimetre  long, 
^aud  [,at]j  or  [a]^  the  apparent  specific  rotatory  power  of  the  sugar  present ;  i.e., 
if  di^eii^  sugar  is  identical  with  sucrodextrose  [a]j  =  58°,  and  [ajn  =  53°-  This 
is  on  the  assumption  that  the  apparent  specific  rotatory  power  is  independent  of 
xsonceptratiop,  which  is  probably  not  the  case ;  but  the  variation  for  solutions 
containing  from  5  to  2  O  per  cent,  is  apparently  so  slight  that  it  does  not  appre- 
m\>\j  a^jjk  the  T&mM, 
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(1558)  SucROLiEvuLosE  or  L^vULosE  ;  Laevoglucose :  CgH^^Og. 
— This  carbohydrate  occurs  mixed  with  sucrodextrose  in  honey ; 
in  many  fruits  and  other  sacchariferous  vegetable  organs  (comp. 
Buignet,  Ann.  Chim.  Phys.  [3],  Ixi.  233  ;  J.  Boussingault,  Compt, 
Rend.,  Ixxxiii.  978) ;  and  is  produced,  together  with  an  equal 
quantity  of  sucrodextrose,  on  heating  a  solution  of  cane  sugar 
with  dilute  acids,  the  mixture  of  the  two  carbohydrates  in  equal 
proportions  constituting  so-called  invert  sugar,  from  which  it  was 
first  separated  in  a  pure  state  by  Dubrunfaut  in  1847.  The 
laevogiucose  obtained  on  heating  inulin  with  dilute  acids,  accord- 
ing to  Dubrunfaut,  is  identical  with  sucrolaevulose,  but  this  state- 
ment requires  confirmation.  The  isolated  occurrence  of  sucrolse- 
vulose  has  not  yet  been  demonstrated  ;  it  is  remarkable  also  that 
none  of  the  glucosides  hitherto  examined  furnish  Isevorotatory 
glucose. 

It  may  be  prepared  by  Dubrunfaut's  method  {Compt.  Rend., 
Ixix.  1366),  which  consists  in  adding  six  parts  finely  powdered 
calcic  hydrate  to  a  cold  solution  of  ten  parts  invert  sugar  in  100 
parts  water;  as  the  lime  is  added,  the  mixture  is  well  shaken, 
the  fiask  being  occasionally  plunged  into  ice-cold  water  in  order 
to  prevent  rise  of  temperature,  A  milky  liquid  is  thus  obtained, 
which,  however,  after  a  time  becomes  pasty,  owing  to  the  separa- 
tion of  a  difficultly  soluble  calcium  derivative  of  Isevoglucose.  It 
is  then  thrown  on  a  linen  filter,  and  the  solution  containing  the 
dextrose  having  drained  away,  the  residue  is  washed,  then  strongly 
pressed,  and  afterwards  suspended  in  water  and  decomposed  either 
with  oxalic  or  carbonic  acid.  On  concentrating  the  filtered 
liquid,  the  Isevulose  is  obtained  as  a  colourless,  uncrystallizable 
syrup,  or  as  an  amorphous  gnm-like  mass,  much  sweeter  than 
sucrodextrose^  and  more  soluble  in  alcohol. 

The  properties  of  pure  sucrolsevulose  have  been  little  studied. 
Its  apparent  specific  rotatory  power  in  aqueous  solution  dimi- 
nishes or  increases  in  proportion  as  the  temperature  rises  or  falls : 
thus  at  14"  {^f'Q,  F.)  [a]j=-io6^;  at  52°  (i25°'6  R)  it  is 
^79°'5i  and  at  90°  (194°  F.)  it  is  —^3°.  Like  sucrodextrose, 
it  furnishes  a  soluble  calcium  derivative,  in  addition  to  the 
sparingly  soluble  one  above  mentioned ;  the  latter  crystallizes  in 
microscopic  needles,  and  is  formed  by  the  displacement  of  three 
atoms  of  hydrogen  by  calcium  (Dubrunfaut).  It  does  not  appear 
to  combine  with  sodic  chloride  (C.  H.  Gill) ;  neither  does  it  retain 
water,  like  dextrose,  as  the  residue  obtained  on  evaporating  its 
aqueous  solution  in  vacuo  over  sulphuric  acid  has  the  composition 
CgHjgOg  (Dubrunfaut^  ibid.^  xlii.  901).     When  rapidly  heated  to 
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about  170°  (338°  F.)  it  is  converted  into  Isevulosan^  CgHj^Og. 
Its  conversion  into  mannitol  lias  already  been  mentioned  (p.  556)."^ 
It  is  more  readily  decomposed  by  acids  (see  Cane  Sugar), 
but  less  readily  by  alkalies  than  dextrose;  and  in  contact  with 
beer  yeast  it  ferments  less  readily  than  the  latter.  It  has  the 
same  cupric  oxide  reducing  power  as  dextrose^  but  it  does  not 
exhibit  the  same  behaviour  as  the  latter  with  all  oxidizing  agents, 
since,  according  to  Sachsse  (see  Cane  Sugar,  Estimation  of),  the 
reducing  power  of  invert  sugar  is  less  when  tested  by  an  alkaline 
solution  of  mercuric  iodide  than  when  tested  by  Fehling^s  solution. 
Moreover,  by  passing  chlorine  into  an  aqueous  solution  of  Isevu- 
lose,  and  afterwards  saturating  the  liquid  with  argentic  hydrate, 
&c.,  Hlasiwetz  and  Habermann  (Ann.  Chem.  Fharm.,  civ.  1 30)  ob- 
tained glycolic  acid,  CH2(0H).C00H,  dextrose,  as  we  have  learnt, 
being  converted  by  this  treatment  into  dextronic  acid,  CgH^gO^ : 
and  they  assume  that  three  molecules  of  this  acid  are  formed  from 
a  single  molecule  of  Isevulose.  Krusemann,  however,  who  has 
prepared  glycolic  acid  in  a  similar  manner  from  inulin-lsevulose, 
states  that  the  amount  obtained  is  exceedingly  small,  and  not 
sufficient  to  warrant  the  assumption  that  a  single  molecule  fur- 
nishes three  molecules  of  glycolic  acid  {Deut.  chem.  Ges.  Ber.,  ix. 
1468).  It  is  said  to  furnish  saccharic  acid  on  oxidation  with 
nitric  acid. 

(1559)  Lactose;  Galactose:  CgH^^Og. — The  discovery  that 
milk  sugar,  when  boiled  with  dilute  sulphuric  acid,  furnishes  a 
glucose  isomeric  with  sucrodextrose  is  generally  attributed  to 
Pasteur,  it  having  escaped  the  notice  of  most  chemists  that 
A.  Bouchardat  had  previously  (in  1851)  isolated  a  body  apparently 
different  from  sucrodextrose.  The  glucose  obtained  by  Bouchardat, 
however,  had  the  apparent  specific  rotatory  power  [a]r=45°'9 
(or  [a]j  =59°-8),t  and  gave  only  traces  of  mucic  acid  on  oxidation ; 


*  Both  dextrose  and  laevulose,  when  submitted  to  the  action  of  sodium 
amalgam  in  aqueous  solution,  furnish  a  small  quantity  of  a  mixture  of  alcohols 
of  the  ethylic  series,  consisting  of  ethylic,  isopropylic,  and  hexylic  alcohols,  the 
last  of  which  is  perhaps  identical  with  the  secondary  hexylic  alcohol  from 
mannitol  (Bouchardat,  Ann.  Chim.  Thys.  [4],  xxvii.  87  ;  Krusemann,  Deut. 
chem.  Ges.  Ber.,  ix.  1465).  Ordinary  lactic  acid  is  also  produced  in  con- 
siderable quantity  ;  Bouchardat  attributes  its  formation  to  the  action  of  the  sodic 
hydrate,  and  not  to  that  of  the  nascent  hydrogen,  but  it  is  by  no  means  im- 
probable that  it  is,  in  part  at  least,  a  direct  product  of  the  action  of  the  latter. 

f  It  was  customary  when  Biot's  original  form  of  apparatus  was  employed 
to  interpose  a  plate  of  glass  coloured  red  with  oxide  of  copper  between  the 
polarizer  and  the  tube  containing  the  liquid,  and  the  symbol  [a\  is  that  used  to 
indicate  the  specific  rotatory  power  observed  in  this  manner  for  red  light.    Now, 
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whereas  that  obtained  by  Pasteur  (Compt.  Rend.,  xlii.  ^^y,  1856), 
gave  about  twice  as  much  mucic  acid  on  oxidation  as  milk  sugar  did, 
its  apparent  specific  rotatory  power  in  a  2  per  cent,  solution  im- 
mediately after  the  preparation  of  the  solution  being  [a]j  =  I39°"6, 
and  after  twenty-four  hours  S^°'2.  Lactose^  according  to  Pasteur, 
crystallizes  more  readily  than  sucrodextrose,  but  generally  in 
nodules  like  the  latter ;  sometimes,  however,  it  forms  microscopic 
rectangular  prisms,  acuminated  at  the  edges,  but  more  often  six- 
sided,  round-edged  laminae,  having  a  pea-shaped  protuberance  in 
the  middle.  It  has  the  same  cupric  oxide  reducing  power  as 
sucrodextrose.  He  was  unable  to  obtain  from  it  a  compound 
with  sodic  chloride. 

Obviously  the  glucoses  examined  by  Bouchardat  and  Pasteur 
differ  considerably  in  properties ;  and  hence  it  would  appear  pro-  , 
bable  that  two  dextrorotatory  glucoses  are  simultaneously  pro- 
duced on  inversion  of  milk  sugar.  Pudakowski  has  shown  that 
this  is  really  the  case,  and  that  they  may  be  separated  in  the 
following  manner  [Medicinisch-chemische  Unt,  a.d.  Lab.  fur 
angewandte  Chemie  zu  Tubingen,  1866,  i.  164;  Deut.  chem,  Ges. 
Ber.j  viii.  599 ;  ix.  42).  Pure  milk  sugar  is  boiled  with  a  mixture 
of  2  vols,  water  and'  i  vol.  dilute  (1:5)  sulphuric  acid  until  the 
liquid  acquires  a  pale  brown  colour,  water  being  added  to  replace 
that  lost  by  evaporation ;  this  requires  about  an  hour.  When 
cold,  the  solution  is  neutralized  with  calcic  carbonate,  a  slight 
excess  of  baryta  water  is  then  added,  and  it  is  saturated  with 
carbonic  acid.  The  filtered  liquid  is  now  evaporated  to  a  thin 
syrup,  and  to  this  alcohol  is  added,  which  causes  the  separation 
of  a-ladose,  whilst  (^-lactose  crystallizes  after  some  time  from  the 
mother  liquor ;  the  two  bodies  are  purified  by  recrystallization, 
with  the  aid  of  animal  charcoal,  from  95 — 98  per  cent,  alcohol, 
in  which  the  latter  is  considerably  the  more  soluble.  a-Lactose 
crystallizes  in  small  rectangular  prisms  with  two  end  faces; 
/3-lactose  forms  granules  and  occasionally  six-sided  tables,  such  as 


according  to  Blot,  a  plate  of  quartz  one  mm.  in  thickness  produces  a  deviation 
of  18°  25'  or  i8°-4i  of  the  light  passing  through  red  glass,  and  a  deviation  of 
24°  of  mean  yellow  light  (p.  573) ;  hence 

Wr  :  [«]j    =    18-41   :   24, 

and  therefore  [al   =    ^°^'-  '  ^^'^^ 

^  24 

Ked  glass,  however,  differs  in  quality,  and  on  this  account  the  value  of  [a]j,  cal- 
culated from  that  of  [a],,  can  be  regarded  as  approximate  only,  unless  the  quality 
of  the  glass  employed  is  known. 
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are  described  by  Pasteur,,  containing,  even  when  crystallized  from 
98  per  cent,  alcohol,  a  molecule  of  water,  the  greater  part  of  which, 
however,  is  expelled  at  60°  (140°  ¥.),  The  latter  appears  to  have 
a  sweeter  taste,  and  to  be  more  soluble  and  more  easily  ferment- 
able than  the  former.  Their  freshly  prepared  solutions  in  cold 
water,  like  that  of  sucrodextrose,  have  a  much  higher  rotatory 
power  than  after  long-standing  or  warming ;  the  values  obtained 
for  the  two  sugars  by  Broch^s*  method,  after  heating  the  solu- 
tions, were  as  follows : 

a-Lactosef  (in  a  solution  containing  13  per  cent.)  [a],,  —  9  2°' 83 
/8-Lactose   (  „  „  18       „       )  [a]^  =  62°-83. 

By  oxidizing  a-lactose  with  nitric  acid,  Fudakowski  obtained 
32  per  cent,  of  its  weight  of  pure  mucic  acid  dried  at 
100°  (212°  F.)  j  /3-lactose  on  treatment  of  its  aqueous  solution 
with  chlorine  and  afterwards  with  argentic  hydrate,  &c.,  was  con- 
verted into  an  acid  of  the  same  composition  as  gluconic  acid 
(p.  582),  but  which  furnished  a  crystalline  baric  salt  containing 
only  a  single  molecule  of  water,  whereas  that  obtained  by  Hlasi- 


*  The  determination  of  the  specific  rotatory  power  by  Broch's  method  is 
ejffected  by  a  combination  of  the  polarimeter  with  the  spectroscope,  and  is  the 
most  accurate  of  all  methods.  By  means  of  a  heliostat,  sunlight  is  reflected  into 
a  dark  room  through  a  narrow  slit,  and  the  rays  are  rendered  parallel  by  an 
achromatic  lens,  fixed  in  such  a  position  that  the  slit  is  in  its  focus ;  the  polari- 
meter, consisting  merely  of  a  polarizer  and  analyser,  is  placed  behind  the  lens, 
and  the  beam  which  issues  from  the  analyser  is  then  allowed  to  fall  on  a  prism, 
in  front  of  which  is  fixed  a  telescope  for  the  observation  of  the  spectrum.  The 
tube  containing  the  liquid  under  examination  is  placed  in  the  usual  manner 
between  the  two  Nicol's  prisms.  The  white  light  which  falls  on  the  Nicol 
placed  nearest  to  the  slit  becomes  polarized  in  a  particular  plane,  but  in  its 
passage  through  the  polarizing  liquid  the  plane  of  polarization  is  deflected  to  an 
extent  which  varies  for  each  component  of  the  white  light ;  the  colour  whose 
plane  of  polarization  is  perpendicular  to  the  plane  of  vibration  of  the  analysing 
Ni(;ol,  therefore,  cannot  pass  through  the  latter,  so  that  the  spectrum  observed 
through  the  telescope  exhibits,  in  addition  to  the  ordinary  Fraunhofer  lines,  a 
black  band  which  shifts  from  one  end  of  the  spectrum  to  the  other  as  the 
analyser  is  rotated.  The  observation  consists  in  adjusting  the  vertical  spider 
line  in  the  eye-piece  of  the  telescope  so  that  it  coincides  with  a  particular  Fraun- 
hofer line,  the  d  line  for  example,  and  the  analyser  is  then  rotated  until  the 
centre  of  the  black  band  and  the  spider  line  are  coincident ;  the  angle  through 
which  the  analyser  has  been  moved  from  its  original  position  before  the  polarizing 
liquid  was  introduced  is  then  read  off  on  the  divided  circle  attached  to  it,  and  the 
angular  deviation  of  light  of  the  refrangibility  of  the  particular  line  observed  is 
thus  determined. 

t  In  distinguishing  isomeric  carbohydrates  by  the  letters  o,  3,  &c.,  it 
appears  desirable  to  attribute  a  definite  signification  to  these  letters,  and  to 
assign  a  to  the  body  which  has  the  higher,  and  /3  to  that  which  has  the  lower 
specific  rotatory  power. 
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wetz  and  Habermann  from  dextrose  contained  three  molecules  of 
water. 

A  solution  of  milk  sugar  inverted  by  boiling  with  sulphuric 
acid  yields  a  mixture  of  dulcitol  and  mannitol  when  submitted 
to  the  action  of  sodium  amalgam,  and  as  the  glucose  of  high  ro- 
tatory power  from  milk  sugar  yields  only  dulcitol  when  similarly 
treated,  we  may  conclude  that  a-lactose  is  converted  into 
dulcitol,  and  /3-lactose  into  mannitol,  by  the  action  of  nascent 
hydrogen  (G.  Bouchardat,  Ann.  Chim.  Phys.  [4],  xxvii.  79). 

There  can  be  no  doubt  from  Pasteur's  and  Fudakowski's  observations  that  a- 
lactose  is  a  body  altogether  different  from  sucrodextrose ;  and  if  it  be  supposed 
that  the  ^-lactose  obtained  by  the  latter  chemist  was  free  from  a-lactose,  it 
would  follow  that  it  is  also  an  isomeride  of  sucrodextrose  as  it  has  a  consider- 
ably higher  rotatory  power.  /3-lactose,  however,  in  many  respects  closely  re- 
sembles sucrodextrose,  which,  according  to  Pasteur,  also  crystallizes  in  six-sided 
laminae,  although  these  do  not  exhibit  the  peculiar  protuberances  above  men- 
tioned. Moreover,  Dubrunfaut  has  stated  that  when  a  solution  of  milk  sugar 
undergoes  inversion  the  rotatory  power  increases  until  finally  it  becomes  y^ths 
of  its  original  value ;  the  apparent  specific  rotatory  power  of  milk  sugar  being 
Wj  —  59°'3>  ^1^6  rotatory  power  of  the  invert  sugar  from  it  would  therefore  be 
59'3  ^  \%  —  77°'i-  Now,  if  the  theoretical  rotatory  power  be  calculated 
from  Fudakowski's  values  above  given,  we  obtain  a  much  higher  number  than 
this;  thus: 

^^  '^'^^^  '^    =    77°-8,  and  hence  [a]j  =  77°-8xri  =  85°-5. 

But  if  we  assume  that  invert  milk  sugar  is  a  mixture  of  a-lactose  and  sucro- 
dextrose, and  that  Fudakowski's  value  for  the  former  is  correct,*  we  have : 

53_£   _    72°'95,  and  hence  [a]j  =  72°*95  x  I'l  =  8o°*24, 

which  is  a  much  closer  approximation  to  Dubrunfaut's  value.  It  is  to  be  ob- 
served also  that  the  rotatory  power  of  Bouchardat's  product  (p.  585),  which 
gave  only  traces  of  mucic  acid  on  oxidation,  and  which,  therefore,  we  may  sup- 
pose was  not  much  contaminated  by  a-lactose,  is  only  slightly  higher  than  that 
of  sucrodextrose.  Hence  it  appears  not  improbable  that  milk  sugar  on  inversion 
is  converted  into  sucrodextrose  and  an  isomeric  glucose  of  much  higher  rotatory 
power.  The  most  suitable  name  for  the  latter  is  lactose,  being  that  originally 
assigned  by  Pasteur  to  the  product  which  he  isolated  from  inverted  milk  sugar, 
although  from  Pasteur's  description  there  can  be  little  doubt  that  his  experi- 
ments were  made  with  a  mixture  only  chiefly  consisting  of  lactose. 


*  G.  Bouchardat  {loc.  cit.,  p.  83,  1872)  states  that,  by  recrystalling  from 
alcohol  the  crystals  which  first  separate  from  the  concentrated  solution  of  in- 
verted milk  sugar,  he  obtained  a  product  having  the  apparent  rotatory  power 
(in  a  7*5  per  cent,  solution)  [a]j  =  82°*9,  which  nearly  agrees  with  that  ob- 
served by  Pasteur.  But  the  sign  [a]j  is  incorrectly  used  by  Bouchardat,  who 
employed  a  polarimeter  illuminated  by  sodium  light;  the  value  [a]j)=  82°*9  or 
[a]j  =  9i°'2  is  considerably  higher  than  Pasteur's,  although  lower  to  about  an 
equal  extent  than  that  observed  by  Fudakowski. 
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(1560)  Arabinose;  Pectinose  :  CgH^gOg. — This  glucose  is  ob- 
tained by  heating  "  arabin^''  from  the  sugar-beet,  or  gum  arabic, 
with  dilute  sulphuric  acid,  and  was  first  described  by  Scheibler  in 
1868  [Deut.  chem,  Ges.  Ber.,  i.  58,  108  ;  vi.  612);  its  preparation, 
will  be  described  later  on.  It  crystallizes  in  very  brittle,  colour- 
less, glistening,  anhydrous,  rhombic  prisms  with  dihedral  summits, 
which  are  mostly  concentrically  arranged ;  the  crystals  are  sweet 
to  the  taste,  although  less  sweet  than  cane  sugar.  When  care- 
fully heated,  it  melts  at  about  160°  (320°  F.),  but  decomposes  at 
higher  temperatures.  It  is  extremely  soluble  in  hot  water,  but 
the  excess  crystallizes  out  at  once  on  cooling.  It  is  charred  by 
concentrated  sulphuric  acid ;  on  oxidation  with  nitric  acid  it  is 
converted  into  oxalic  acid,  and  does  not  appear  to  furnish  mucic 
acid.  Its  solution  dissolves  calcic  hydrate,  and  the  liquid 
becomes  yellow  on  standing  some  time,  or  immediately  on 
heating ;  sodic  and  potassic  hydrate  have  a  similar  action. 
Arabinose  has  a  somewhat  higher  cupric  oxide  reducing  power 
than  sucrodextrose,  one  molecular  proportion  reducing  5*5  mole- 
cular proportions  of  cupric  sulphate.  It  does  not  ferment  in 
contact  with  beer  yeast. 

Scheibler  found  the  apparent  specific  rotatory  power  of 
arabinose  from  sugar-beet  arabin  in  a  solution  containing  10  grams 
in  100  cc,  which  had  the  sp.  gr.  1*0381  at  15°  (59"^  F.),  to  be 
[a]j= -h  118°;  the  values  obtained  for  a  specimen  from  gum 
arable  were  slightly  different, — probably  owing  to  a  difference  in 
the  temperature,  which  considerably  affects  the  rotatory  power — 
viz.,  121°  for  the  freshly  prepared  solution,  and  116°  after  stand- 
ing or  heating. 

(1561)  SoEBiNOSE;  Sorlin :  C^^fi^. — Sorbin  was  first  described  in  1852 
by  Pelouze  {Ann.  Chim.  Phys.  [3],  xxxv.  222),  who  obtained  it  from  the  fer- 
mented juice  of  Mountain  Ash  berries*  {Sorbus  aucuparia).  The  juice  expressed 
from  berries  gathered  towards  the  end  of  September  was  allowed  to  remain  for 
thirteen  or  fourteen  months  in  stoneware  pans,  during  which  time  a  considerable 
development  of  fungoid  growth  took  place ;  the  clear  liquid  was  then  decanted, 
and  evaporated  to  a  thick  syrup,  and  the  crystals  which  were  deposited  purified 
by  recrystallization  with  the  aid  of  animal  charcoal. 

Delfis  has  observed  {British  Association  Report,  1871)  that  no  sorbin  is 
obtained  if  the  malic  acid  which  exists  in  the  juice  be  first  removed,  although  it 
is  readily  procured  when  Pelouze's  process  is  strictly  followed  ;  moreover,  no 
malic  acid  is  found  in  the  fermented  juice,  and  Delffs,  therefore,  supposes  that 
sorbin  is  formed  during  the  fermentation,  and  that  there  is  an  intimate  connexion 
between  its  formation  and  the  disappearance  of  the  malic  acid.  We  may  regard 
this,  however,  as  doubtful. 

It  crystallizes  in  transparent,  very  regular,  rhombic  octahedra.  The  crystals 
are  hard  and  grate  between  the  teeth  ;  they  are  as  sweet  as  cane  sugar.  Water 
dissolves  about  double  its  weight  of  sorbin,  but  it  is  almost  insoluble  in  alcohol  even 
when  boiling.     Its  apparent  specific  rotatory  power  in  a  solution  containing 
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about  30  per  cent,  at  7°  (44°"6  F.)  is  -  46°'9  ;  it  appears  to  be  only  slightly 
variable  with  the  temperature,  and  just  as  great  in  a  recently  prepared  solution 
as  in  one  that  has  been  kept  (Berthelot).  It  forms  a  compound  with  sodic 
chloride  crystallizing  in  cubes.  It  may  be  heated  to  fusion  without  loss  of  weight, 
but  on  heating  it  to  150° — 180°  (302" — 356°  F.)  water,  which  is  slightly 
acid,  is  given  off,  and  it  is  converted  into  a  dark  red  mass,  insoluble  in  water, 
alcohol,  and  the  weaker  acids,  but  readily  soluble  in  alkalies  ;  according  to 
Pelouze,  this  residue  principally  consists  of  an  acid  of  the  composition  CjgH,^Og. 
Sorbin  is  very  readily  altered  by  alkalies,  even  very  dilute  solutions  becoming 
yellow  when  warmed  with  potassic  hydrate ;  its  solution  dissolves  a  considerable 
quantity  of  calcic  hydrate ;  it  is  not  precipitated  by  basic  plumbic  acetate,  but 
yields  a  white  precipitate  with  an  ammoniacal  solution  of  the  normal  acetate.  It 
is  not  in  the  least  altered  by  boiling  with  dilute  acids ;  it  is  coloured  reddish- 
yellow  by  cold  concentrated  sulphuric  acid,  and  charred  on  heating.  It  pre- 
cipitates cuprous  oxide  from  an  alkaline  cupric  solution,  but  its  cupric  oxide 
reducing  power  has  not  been  determined.  Sorbin  does  not  ferment  in  contact 
with  beer  yeast,  but  is  capable  of  undergoing  the  lactic  fermentation  (Berthelot), 
According  to  Dessaignes  {Ann.  Chem.  Pharm.  Supp.,  ii.  242)  sorbin  yields 
aposorbic  acid,  C^Hfi^,  together  with  the  three  modifications  of  tartaric  acid — 
dextrotartaric  acid,  racemic  acid,  and  mesotartaric  acid,  on  oxidation  with  nitric 
acid ;  Pelouze  obtained  oxalic  acid  only.  Hlasiwetz  and  Habermann  state  that 
on  passing  chlorine  into  an  aqueous  solution,  and  afterwards  saturating  with 
argentic  hydrate,  &c.,  it  is  converted  into  glycolic  acid ;  it  is  remarkable  that 
sorbin  and  Isevulose,  which  are  the  only  two  Isevorotatory  glucoses  at  present 
known,  should  both  yield  glycolic  acid  when  thus  treated,  especially  as  they  are 
the  only  carbohydrates  hitherto  examined  from  which  it  has  been  obtained. 

(1562)  ErcALYPTOSE;  Eucalyn  :  C^Hj^Og. — Little  is  known  of  this  car- 
bohydrate. It  is  obtained  by  fermenting  melitose,  an  isomeride  of  cane  sugar, 
with  yeast ;  apparently  the  melitose  is  thus  in  the  first  instance  resolved  into 
eucalyptose  and  a  second  glucose,  of  which  the  latter  alone  is  fermentable,  so 
that  when  the  fermentation  is  complete  the  solution  contains  only  eucalyptose, 
and  the  alcohol  produced  f:om  the  glucose,  which  disappears.  It  is  mixed  with 
four  or  five  vols,  of  alcohol,  and,  after  filtering,  evaporated  to  a  syrup,  which  is 
then  exposed  over  sulphuric  acid  in  vacuo.  Eucalyptose  is  thus  obtained  as  a 
slightly  sweet  syrup  of  the  composition  CgH^^^g  +  OH. ,  which  loses  a  molecule 
of  water  on  heating  to  100°  (212°  F.)  ;  if  it  be  heated  to  110°  (230°  F.)  it 
becomes  coloured,  and  at  200°  (392°  F.)  is  converted  into  a  black,  insoluble 
substance.  It  is  dextrorotatory,  having  approximately  the  apparent  specific 
rotatory  power  [a]j  =  65°.  It  reduces  an  alkaline  cupric  solution.  Nitric  acid 
converts  it  into  oxalic  acid.  It  is  decomposed  by  concentrated  sulphuric  acid,  or 
by  fuming  hydrochloric  acid  at  100°  (212°  F.) ;  and  when  heated  with  baric 
hydrate  at  100°  (212°  P.)  the  solution  becomes  strongly  coloured  (Berthelot, 
Ann,  Chim.  Phys.  [3],  xlvi.  72). 

(1563)  Glucoses  which  have  been  Artificially  Produced. — According  to 
Gorup-Besanez  {Ann.  Chem.  Pharm.,  cxviii.  257),  when  a  mixture  of  one  part 
mannitol  and  two  parts  platinum  black,  moistened  with  water,  is  exposed  to  the 
air  at  a  temperature  of  30° — 40°  (86° — 104°  F.),  and  the  water  constantly 
replaced  as  it  evaporates,  until  the  mannitol  entirely  disappears,  which  with 
quantities  of  20 — 30  grams  takes  place  in  about  three  weeks,  a  product  is 
obtained  which  furnishes  a  colourless,  strongly  acid  solution.  The  acid  (man- 
nitic  acid,  p.  558)  may  be  separated  by  the  addition  of  basic  plumbic  acetate, 
and  if,  after  removing  the  dissolved  lead  by  sulphuretted  hydrogen,  the  solution 
be  evaporated  at  first  on  the  water  bath,  and  then,  directly  it  becomes  coloured, 
by  exposure  over  sulphuric  acid  in  vacuo,  a  pale  yellow,  strongly  acid  syrup  is 
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obtained,  which  gradually  dries  to  a  gum-like  hygroscopic  mass.  This  residue 
consists  of  a  fermentable  body,  having  all  the  characters  of  dextrose,  with  the 
exception  that  it  is  optically  inactive,  mixed,  however,  with  a  substance  from 
which  it  could  not  be  separated,  and  which  is,  perhaps,  mannitan,  OJl^fi^. 
The  cupric  oxide  reducing  power  of  loo  pts.  of  the  residue  was  equal  to  that  of 
32-45  pts.  dextrose,  and  another  100  pts.  gave  an  amount  of  carbonic  anhydride 
on  fermentation  corresponding  to  32*68  per  cent,  of  dextrose.  Gorup-Besanez 
terras  the  optically  inactive  glucose  formed  in  this  manner  mannitose. 

Dulcitol,  the  isomeride  of  mannitol,  according  to  Carlet  {ibid.,  c^\\\.  143), 
also  yields  a  body  having  the  properties  of  glucose,  together  with  a  small  quantity 
of  racemic  acid,  on  oxidation  with  nitric  acid. 

According  to  Berthelot  [Ann.  Chim.  Tliys.  [3],  1.  369),  a  body  having  the 
properties  of  the  glucoses  is  sometimes  formed  by  the  fermentation  of  aqueous 
solutions    of  glycerol  and  mannitol  in  contact  with  certain  nitrogenous  animal 
substances,  but  the  conditions  necessary  always   to  insure  its  production  could 
not  be  ascertained.     The  only  substance  which  was  found  to  be  at  all  regular  in 
its  action  was   the  membrane  of  the  testicle.     This  was  added,  in  a  finely 
divided  state,  to  a  solution  of  i  pt.  glycerol  or  mannitol  in  10  pts.  water,  the 
amount  taken  (of  the  substance  supposed  dry)  being  about  i-2oth  of  the  weight 
of  the  glycerol  or  mannitol ;  the  mixture,  contained  in  an  open  flask,  was  exposed 
to  diffused  daylight  at  a  temperature   between    10°  and  20°  (50°  and  68°  F.), 
and  the  liquid  occasionally  tested  with  Fehling's   solution.     After  an  interval 
varying  from  a  week  to  three  months  it  was  found  to  contain  a  body  capable  of 
reducing  cupric  solution,  and  of  at  once  fermenting  when  placed  in  contact  with 
beer  yeast.     Experiments  with  dulcitol  gave  similar  results.     The  animal  sub- 
stance   separated    from    the   liquid,  and    freed   from   glycerol    or  mannitol  by 
washing,  retained,  as  a  rule,  the  property   of  converting  these  compounds  into 
the    supposed    glucose.     The  amount   formed  is   extremely  variable  :  in  some 
cases  being  equal  only  to  a  few  ten-thousandths  of  the  weight  of  glycerol  or  mannitol 
taken,  and  in  other.;  to  as  much  as  a  tenth  of  their  weight,  the  latter  quantity 
being  never  exceeded,  however ;  the  weight  of  glycerol  or  mannitol  which  dis- 
appeared was  always   greater  than  the  weight  of  "  glucose"  formed.      In  an 
experiment  cited  by  Berthelot,  2  grams  of  the  fresh  testicle,  representing  '280 
grams  dry  substance,  5   grams   mannitol,   and  50  grams  water,  gave,  after  an 
interval  of  nearly  four  months,  '250  grams  of  the  "glucose."     The  animal 
matter,  after  washing  and  drying,  weighed  -230  grams,  and  had  therefore  lost 
•050  grams ;  but  this   loss  is  more  apparent  than  real,  as  the  fresh   testicle 
contains  a  certain  amount  of  soluble  matter.     Prom  this   it  appears  that  the 
"  glucose"  is  really  derived  from   the  mannitol,  and  is  not  precontained  in,  or 
derived  from,  the  animal  substance.     Berthelot  attributes  its  formation  to  a 
species  of  contact  action  exercised  by  the  nitrogenous   matter,  and   not  to  the 
microscopic  organisms  which  are   developed  in  the  liquid ;  Pasteur's  researches 
on  fermentation,  however,  render  this  explanation  extremely  improbable,  and  it  is 
far  more  likely  that  the  nitrogenous  matter  serves   merely  as  a  pabulum  for 
the  organisms  which  excite  the  fermentation.     These  organisms  are  doubtless 
derived  from  the  atmosphere,  and  the  want  of  success  which  attended  many  of 
Berthelot's  experiments  may  have  been  due,  either  to  the  non-introduction  of 
the  proper  germs,  or  to  the  fact  that  the  liquid  was  not  suited  to  their  develop- 
ment.    As  to  the  properties  of  the  "  glucose"   formed,  Berthelot  states  that  it 
could  not  be  obtained  crystallized,  and  that  it  is  extremely  soluble  in  water  aid 
aqueous  alcohol ;  its  solutions  alter  very  readily  during  concentration,  and  are 
browned  by  alkalies.     On  account  of  the  difficulty  of  obtaining  colourless  solu- 
tions, it  was  almost  impossible  to  ascertain  whether  it  was  optically  active,  but 
on  one  occasion  it  was  observed  that  a  solution  containing  about  i-2oth  of  the 
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"glucose"  produced  a  deviation  of  5°'5  for  the  transition  tint  in  a  column 
200  mm.  long. 

Lowig  {Jahresh.,  1861,  600)  supposed  that  the  portion  of  the  product  of 
the  action  of  sodium  amalgam  on  ethylic  oxalate  which  remained  after  extracting 
the  ethylic  desoxalate  (q.v.)  by  ether,  contained  a  "  fermentable  sugar,"  but  ac- 
cording to  Brunner  (Beut.  chem.  Ges.  Ber.,  iii.  974)  this  is  not  the  case. 

Lastly,  we  have  to  notice  the  formation  of  a  body  capable  of  reducing  an 
alkaline  cupric  solution,  but  apparently  not  fermentable  in  contact  with  beer 
yeast,  on  boiling  the  so-called  dioxymethylene — the  polymeride  of  formic  alde- 
hyde (q.v.) — with  lime  water  (Butlerow,  Ann.  Chem.  Pharm.,  cxx.  295): 
the  colourless  solution  of  this  substance  in  lime  water  becomes  at  first  yellow, 
and  finally  brownish-yellow  when  boiled,  its  characteristic  odour  disappearing 
entirely,  and  giving  place  to  a  caramel-like  odour ;  no  gas  is  evolved.  If  the 
lime  water  be  added  gradually  to  the  boiling  liquid  until  the  coloration  is 
observed,  a  neutral  liquid  is  obtained,  which  is  not  precipitable  by  carbonic 
anhydride ;  and  if  this  be  concentrated  on  the  water  bath,  and  then  exposed 
over  sulphuric  acid  in  vacuo,  there  remains  a  mixture  of  a  yellow  syrup  and 
crystals  of  calcic  formate.  On  treatment  with  absolute  alcohol,  the  former  dis- 
solves, and  after  removal  of  the  alcohol,  forms  an  uncrystallizable  sweet  syrup. 
The  composition  of  this  body  was  not  accurately  determined,  but  apparently  it 
contains  proportionally  less  oxygen  than  the  carbohydrates  ;  and  inasmuch  as  it  is 
formed  from  a  body  which  probably  has  the  composition  CgHgOg,  if  formic  acid 
is  the  complementary  product  and  not  the  result  of  secondary  reaction,  it 
appears  probable  that  it  does  not  contain  six,  or  some  simple  whole  multiple  of 
six,  atoms  of  carbcn,  and  therefore  that  it  does  not  belong  to  the  class  of  carbo- 
hydrates. Methylenitan,  as  this  body  is  termed,  apparently  also  does  not  exhibit 
one  of  the  most  characteristic  properties  of  the  soluble  carbohydrates — that  of 
forming  metallic  derivatives,  for  although  obtained  by  the  action  of  lime  water, 
it  gave  only  a  small  quantity  of  ashes  on  incineration,  and  this  Butlerow  attri- 
butes to  the  presence  of  calcic  formate. 

From  the  above  it  will  be  evident  that  our  knowledge  of  artificially  prepared 
glucoses  is  practically  nil.  We  have  entered  thus  fully  into  an  account  of  what 
has  been  done  in  order  to  point  out  the  great  necessity  of  further  research,  for 
we  may  confidently  expect  that  by  working  in  this  direction  much  light  will  be 
thrown  on  the  manner  in  which  the  carbohydrates  are  naturally  produced. 

II.  Carbohydrates  of  the  Composition  C^^^fi^^  or  Saccharons.^ 

The  carbohydrates  which  are  included  in  this  group  are  all  of 
the  same  empirical  composition  as  cane  sugar,  ^12^22^11'  They 
are  all  soluble  in  water,  and  with  few  exceptions  crystallize  with 
facility  when  pure ;  like  the  glucoses,  they  are  more  or  less  sweet 
to  the  taste,  but  they  are  much  more  stable  than  the  glucoses  or 
carbohydrates  of  the  composition  CgH^gOg,  and  are  not  directly 
fermentable;  when  submitted  to  the  action  of  certain  ^'unorganized 


*  On  account  of  their  great  importance,  and  especially  now  that  so  many 
carbohydrates  are  known,  it  appears  highly  desirable  to  have  a  systematic  no- 
menclature enabling  a  distinction  to  be  made  between  the  various  groups ;  a 
description  of  the  system  we  have  ventured  to  em^Joy  will  be  given  later  on  when 
the  various  carbohydrates  have  been  noticed. 
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ferments^^  (a  cold  aqueous  decoction  of  yeast,  or  of  malt,  &c.),  or  of 
dilute  acids,  they  are  more  or  less  readily  converted  into  glucoses, 
a  single  molecule  always  yielding  two  molecules  of  glucose  :  the 
two  molecules  of  glucose  being  sometimes  identical,  but  more 
often  exhibiting  diverse  character.  This  conversion  of  a  mole- 
cule of  a  saccharon  into  two  molecules  of  a  glucose,  or  into  two 
different  glucoses,  necessarily  involves  the  assumption  of  the 
elements  of  a  molecule  of  water,  and  is  indicated  generally  by  the 
equation  :^ 

^12^22^11    -^   OH3  =  CgHjgOg  +    CgHjgOg. 

(1564)  Saccharon  or  Cane  Sugar;  Saccharose  or  Sucrose: 
CjgHggOj^. — This  sugar  is  very  widely  distributed  throughout  the 
vegetable  kingdom,  occurring  sometimes  alone,  but  more  fre- 
quently mixed  with  invert  sugar ;  it  is  met  with  in  all  parts  of 
plants  :  in  the  root,  stem,  leaves,  flower,  fruit,  and  seed,  but  is 
not  distributed  in  all  plants  alike,  and  occurs  in  proportions 
which  vary  for  each  plant  with  its  state  of  growth.  It  is  very 
abundant  in  the  stem  of  certain  grasses,  especially  in  the  sugar 
cane  {Saccharum  officinarum)^  sorgho  grass  [Sorghum  sac- 
charatum),  and  the  young  shoots  of  maize  {Zea  ways).  It  is  also 
abundant  in  many  fleshy  roots,  as  those  of  the  carrot  and  parsnep, 
especially  in  the  sugar  beet  [Beta  vulgaris)  ;  and  also  in  the  juice 
from  the  stems  of  many  kinds  of  palm,  and  of  certain  species  of 
birch  and  maple,  especially  the  sugar  maple.  It  is  manufactured 
almost  exclusively  from  the  sugar  cane  and  sugar  beet. 

Manufacture  of  Cane  Sugar  from  the  Sugar  Cane. — The  sugar  cane  is  a 
solid  jointed  reed  which  grows  to  a  height  var;ying  from  six  to  fifteen  feet.  It 
is  found  advantageous  to  cut  the  canes  before  they  are  allowed  to  flower,  as  the 
produce  of  sugar  is  much  reduced  after  inflorescence,  and  as  close  to  the  soil  as 
possible,  since  the  juice  contained  in  the  lowest  joints  is  the  sweetest;  according 
to  Peligot,  no  uncrystallizable  (invert  sugar)  is  contained  in  the  fresh  juice  of 
sound  canes,  though  it  occurs  in  decayed  ones,  but  leery,  who  has  specially 
studied  this  subject  in  the  Mauritius,  finds  that  even  sound  canes  contain  a 
small  proportion  of  invert  sugar  {Ann.  Chiin.  Phys.  [4],  v.  387).  The  canes 
stripped  of  their  leaves  are  crushed  between  rollers,  and  the  expressed  juice  is 
run  off  to  a  large  tank,  where  it  is  neutralized  by  lime,  and  heated  till  the  scum 
formed  by  the  coagulation  of  the  albuminous  matters  in  the  juice,  and  which  rises  to 
the  top,  begins  to  crack.     After  a  time,  the  clear  liquid  is  drawn  off  from  below 


*  The  decomposition  of  the  saccharons  in  this  manner  is  usually  termed  in- 
version, and  the  product  is  spoken  of  as  invert  sugar ;  this  arose  from  the  ob- 
servation that  when  cane  sugar,  which  is  dextrorotatory,  is  thus  decomposed,  it  fur- 
nishes a  product  which  exerts  a  Isevorotatory  action  on  polarized lightin  consequence 
of  the  Itevorotatory  power  of  the  Isevoglucose  produced  being  considerably  greater 
than  the  dextrorotatory  power  of  the  dextroglucose,  which  is  the  complementary 
product  of  the  reaction. 

§  QQ 
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the  scum,  and  concentrated  by  boiling  in  open  copper  pans,  the  impurities  which 
rise  to  the  surface  being  removed  by  frequent  skimming.  When  the  syrup  has 
acquired  sufficient  consistence,  it  is  run  into  coolers,  and  allowed  to  stand  till  sugar 
no  longer  crystallizes  out ;  the  same  solid  mass  is  then  put  into  casks  furnished 
with  perforated  bottoms  to  allow  the  syrup  to  drain  away.  The  moist,  yellowish, 
granular  mass  remaining  in  the  casks  fcrms  the  raw  sugar  of  commerce,  which 
consists  of  crystals  of  nearly  pure  sugar,  coated  on  their  surfaces  with  a  film  of 
the  dark  syrup.  By  reboiling  the  syrup  which  drains  from  the  crystals,  a  lower 
quality  of  sugar  is  obtained ;  the  last  mother  liquors,  which  are  known  as 
molasses  or  treacle,  are  thick,  brown,  and  refuse  to  crystallize,  and  are  used  chiefly 
for  the  manufacture  of  rum. 

Much  waste  is  incurred  in  the  extraction  of  sugar,  for  according  to  Dumas 
lOO  pts.  of  fresh  canes  contain  90  pts.  of  juice,  and  of  this  18  or  20  pts,  are 
pure  sugar,  but  on  an  average,  one  gallon  of  juice  furnishes  only  one  pound  of 
sugar,  or  one-tenth  of  its  weight.  Mwch  of  the  waste  arises  from  the  conversion 
of  the  crystallizable  sugar  into  treacle  or  uncrystallizable  syrup  by  the  high  tem- 
perature and  frequent  boilings  to  which  it  is  subjected  ;  but  this  is  almost  entirely 
prevented  by  the  use  of  Fryer's  "  concretor."  Although,  however,  great  im- 
provements have  during  late  years  been  effected  in  the  apparatus  for  boiling  down 
syrups,  they  have  rot  yet  been  adopted  to  any  very  great  extent  by  the  manu- 
facturers of  raw  sugar. 

Manvfacture  of  Sugar  from  the  Svgar  Beet. — The  manufacture  of  sugar 
from  this  root  was  called  into  existence  by  the  wars  of  Napoleon,  during 
which  the  ordinary  supply  of  the  article  was  cut  off  from  the  French.  So  rapidly 
has  it  grown,  however,  that  of  the  3,278,000  tons  of  sugar  estimated  to  have 
been  produced  in  1873,  no  less  than  1,1 10,000  tons  were  derived  from  the  sugar 
beet.  The  beet  is  chiefly  cultivated  for  this  purpose  in  France  and  Germany, 
although  large  quantities  are  grown  in  other  parts  of  Europe ;  it  contains  on  an 
average  from  7 — 11  per  cent,  of  sugar,  and  sometimes  as  much  as  14  per  cent. 
The  oldest  and  still  most  general  method  of  extracting  the  juice  from  the  roots 
is  to  reduce  them  to  a  fine  pulp,  which  is  then  submitted  to  powerful  pressure ; 
or  sometimes,  however,  the  pulp  is  thrown  into  a  centrifugal  machine,  and  when 
most  of  the  juice  is  expelled,  water  is  added  to  the  residue,  and  the  machine 
again  set  in  action.  The  exhausted  pulp  is  either  employed  while  fresh  as  food 
for  cattle,  or  used  as  manure  for  the  land.  A  more  modern  method  now  largely 
coming  into  use,  which  is  known  as  the  diflPusion  process,  consists  in  cutting  the 
roots  into  slices,  and  submitting  these  to  systematic  washing  :  the  water  which 
has  been  for  some  time  in  contact  with  one  portion  of  roots,  and  which  has  dis- 
solved a  certain  amount  of  sugar,  being  run  on  to  a  fresh  portion  of  roots,  while 
its  place  is  taken  by  fresh  water,  four  to  six  changes  being  made  in  this  manner, 
the  solution  which  has  been  in  contact  with  one  portion  of  roots  being  always 
transferred  to  a  less  exhausted  portion,  so  that  it  continually  undergoes  concen- 
tration. The  great  advantage  of  this  process  is  that  it  yields  a  solution  com- 
paratively free  from  albuminoid  and  gummy  matters,  as  these  cannot  pass  by 
diffusion  out  of  the  unbroken  cells,  although  the  sugar  readily  penetrates  through 
their  walls. 

The  juice  is  run  into  tanks,  where  it  is  moderately  heated  by  steam,  and  mixed 
with  a  certain  quantity  of  lime,  varying  from  ^  to  3  lbs.  for  each  100  lbs.  of 
roots  taken ;  the  mixture  is  then  further  heated  until  the  scum  breaks,  the  clear 
liquid  from  below  the  scum  is  drawn  off  into  another  tank,  and  carbonic  anhy- 
dride is  pumped  into  it  until  the  lime  in  solution  is  nearly  all  precipitated.  By 
heating  with  lime  in  this  manner  a  number  of  impurities  are  removed  from  the 
juice,  and  others  are  precipitated  with  the  calcic  carbonate.  The  "  thin  "  syrup 
is  now  filtered  through  animal  charcoal,  and  boiled  down  in  a  partial  vacuum  to 
about  20°  Beaum^,  when  it  is  again  filtered  through  animal  charcoal,  and  finally 
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concentrated  to  the  crystallizing  point  in  a  vacuum  apparatus.  The  crystals 
which  form  on  standing  are  separated  from  the  syrup  by  the  aid  of  the  cen- 
trifugal machine,  and  by  boiling  down  the  syrup,  &c.,  a  second  and  third  crop 
of  crystals  is  obtained;  finally  no+^^hing  remains  but  uncrystallizable  molasses. 
In  France,  a  good  deal  of  the  molasses,  which  is  interior  to  that  of  the  cane,  is 
fermented,  and  furnishes  a  considerable  quantity  of  spirit,  amounting  in  weight  to 
nearly  one-third  of  the  treacle  employed.  After  distilling  off  the  spirit,  the  re- 
sidue is  evaporated  to  dryness,  and  then  incinerated  for  the  sake  of  the  salts  it 
yields,  which  consist  principally  of  potassic  and  sodic  carbonates  with  a  small 
proportion  of  potassic  sulphate  and  chloride  ;  by  this  means,  the  large  proportion 
of  soluble  saline  matters  which  beet  root  contains  is  economized. 

Befining  of  Cane  Sugar. — Kaw  cane  sugar,  although  often  mixed  with 
mechanical  impurities,  has  a  pleasant  taste ;  but  the  raw  sugar  from  beet  has  a 
strong,  unpleasant  odour,  and  is  uneatable.  The  same  method  is  followed  in 
refining  both  varieties.  The  raw  sugar  is  first  "  melted,"  i.e.,  dissolved,  in  about 
half  its  weight  of  water,  by  the  aid  of  heat  and  agitation,  and  the  hot  liquid  is  then 
transferred  to  a  filtering  apparatus  consisting  of  a  number  of  twilled  cotton  bags, 
called  Taylor's  filters,  where  it  is  freed  from  mechanical  impurities.  The  reddish 
syrup  which  has  run  through  the  filters  has  next  to  be  freed  as  much  as  possible 
from  colouring  matter,  and  for  this  purpose  it  is  filtered  through  animal  char- 
coal. The  filters  consist  of  large  iron  vats,  twelve  or  fourteen  feet  deep,  and 
sometimes  much  deeper  j  at  an  inch  or  two  from  the  bottom  there  is  a  perfo- 
rated false  bottom,  upon  which  a  blanket  is  spread,  and  above  this  coarsely 
powdered  animal  charcoal  to  within  about  a  foot  of  the  top  of  the  vat.  The 
filtered  decolorized  syrup  is  now  boiled  down,  but  as  the  cane  sugar  quickly 
nndergoes  inversion  at  the  temperature  at  which  so  concentrated  a  solution 
boils  under  the  ordinary  pressure  (220° — 230°  F.),  it  is  evaporated  under 
reduced  pressure  in  a  vacuum  pan.  This  is  a  closed  pan  or  boiler  of  copper, 
constructed  of  a  spheroidal  form,  in  order  to  enable  it  to  resist  the  pressure  of 
the  external  atmosphere  ;  the  lower  half  is  double,  for  the  purpose  of  admitting 
steam  between  the  coatings,  and  there  are  several  helices  of  copper  steam  pipe 
within  the  boiler,  with  a  view  of  increasing  the  extent  of  heating  surface.  It  is 
connected  by  a  wide  copper  neck  with  a  condenser,  which  is  in  communication 
with  an  air  pump,  and  it  is  also  provided  with  an  inlet  for  the  syrup  which  is 
to  be  boiled,  and  there  is  an  outlet,  which  can  be  closed  by  a  valve,  at  its  lower- 
most part  for  the  withdrawal  of  the  charge.  The  boilmg  can  be  watched  through 
a  small  plate-glass  window  in  the  side  of  the  pan,  and  there  is  also  an  arrange- 
ment by  which  a  sample  of  the  syrup  can  be  withdrawn  at  any  moment.  A 
partial  vacuum  being  established,  a  cock  is  opened  and  sufficient  of  the  filtered 
decolorized  syrup  sucked  in  to  cover  the  bottom  steam  coil,  in  which  steam  is  then 
turned  on.  In  a  few  minutes  the  liquid  is  seen  to  boil,  and  the  exhaustion  is 
so  regulated  that  this  takes  place  at  about  130° — 140°  F.  The  evaporation  is 
continued  until  the  workman  in  charge  of  the  ,pan  judges  that  the  solution  is 
sufficiently  concentrated,  which  he  ascertains  by  placing  a  drop  between  his 
thumb  and  finger,  and  drawing  it  out  to  a  thread :  the  desired  concentration 
being  reached  in  the  case  of  a  good  sugar  solution  when  it  gives  a  thread  at 
least  three-quarters  of  an  inch  long.  A  small  quantity  of  the  unboiled  syrup  is 
then  sucked  in,  which  soon  causes  crystals  to  separate  from  the  supersaturated 
solution  in  the  pan,  and  when  crystals  have  ceased  to  deposit,  fresh  syrup  is 
drawn  in  and  boiled  down  as  before :  the  sugar  in  this  fresh  portion  of  syrup, 
however,  as  the  solution  is  concentrated,  is  mostly  deposited  on  the  crystals  already 
formed.  In  this  manner  fresh  quantities  of  syrup  are  drawn  in  at  inter- 
vals, and  concentrated,  until  the  pan  is  fully  charged,  after  which  the  heating  is 
continued  for  a  certain  length  of  time,  which  varies  according  to  the  form  of 

qq2 
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sugar  it  is  desired  to  produce.  The  size  of  the  crystals  eventually  obtained 
mainly  depends  on  the  quantity  at  first  formed,  being  larger  the  fewer  there  are 
at  the  beginning.  If  loaf  sugar  is  to  be  made,  care  is  taken  to  produce  only 
small  crystals,  and  when  the  pan  is  fully  charged  its  contents  are  heated  to 
about  170'' — 180°  F.,  either  in  the  pan  itself,  or  in  a  separate  heater,  and  the  hot 
mixture  of  crystals  and  syrup  is  then  transferred  to  conical  iron  moulds.  After 
stirring  the  mass  to  favour  the  escape  of  air  bubbles,  and  the  regular  settlement 
of  the  crystals,  the  whole  is  left  at  rest  for  at  least  twelve  hours,  during  which 
time  the  crystals  settle  down,  and  as  the  liquor  cools  fresh  sugar  is  deposited  and 
firmly  cements  them  together.  The  plug  which  closes  the  aperture  at  the  apex 
of  the  mould  is  then  withdrawn,  and  a  pricker  driven  a  few  inches  into  the  solid 
sugar  to  make  a  channel  for  the  syrup  to  drain  away ;  the  sugar,  however,  is  not 
yet  white,  for  though  the  crystals  consist  of  colourless  sugar,  the  loaves  retain 
mechanically  a  large  quantity  of  coloured  syrup.  In  order  to  get  rid  of  this,  a 
quantity  of  fine  colourless  syrup  is  poured  upon  the  base  of  each  loaf,  which 
gradually  displaces  the  impurities  as  it  percolates  through  the  loaf.  The  loaf  is 
finally  dried  in  a  heated  chamber,  and  finished  for  the  market  by  turning  it  in  a 
lathe.     The  sugar  so  made  is  almost  absolutely  pure. 

The  syrup  which  drains  from  the  loaves  is  boiled  down  again  in  the  vacuum 
pan,  and  is  obtained  in  the  form  of  what  is  termed  crushed,  sugar  or  pieces, 
which  is  freed  from  the  syrup  by  means  of  a  centrifugal  machine.  This  syrup  is 
again  treated  in  a  similar  manner,  and  yields  a  still  less  pure  sugar,  the  syrup 
from  which  constitutes  refiners'  molasses,  or  treacle. 

In  the  manufacture  of  cane  sugar  in  large  distinct  crystals,  the  crystallization 
of  the  first  portion  of  syrup  boiled  down  in  the  pan  is  so  regulated  as  to  form 
only  a  relatively  small  number  of  crystals,  and  the  subsequent  boilings  are 
carried  on  at  a  somewhat  higher  temperature  and  more  slowl}'  than  when  loaf 
sugar  is  to  be  made.  The  crystals  are  freed  from  syrup  by  a  centrifugal  machine, 
and  are  sometimes  washed  with  a  small  quantity  of  water  while  the  drum  of  the 
machine  is  still  revolving. 

Eefiners'  treacle  still  contains  a  considerable  amount  of  cane  sugar,  amount- 
ing to  about  35  per  cent,  when  made  from  sugar  cane,  and  to  as  much  as  50  per 
cent,  when  made  from  beet ;  this  is  prevented  from  crystallizing  mainly  by  the 
presence  of  the  impurities  derived  from  the  raw  sugar.  That  from  colonial 
sugar  also  contains  a  large  amount  (about  30  per  cent )  of  invert  sugar,  from 
which  that  prepared  from  beet  is  comparatively  free;  the  latter,  however,  is  very 
rich  in  saline  matters,  yielding  from  12 — 13  per  cent,  of  ashes,  whereas  average 
refiners'  treacle  from  raw  sugar-cane  sugar  yields  only  about  half  as  much.  The 
beet  treacle  is  also  considerably  the  richer  in  organic  matters  other  than  cane  and 
invert  sugar.  The  salts  of  potash,  wliich  are  largely  contained  in  the  treacle, 
exercise  great  influence  in  preventing  the  crystallization  of  the  sugar,  and  their 
removal  from  the  syrup  is  therefore  of  importance.  Messrs.  Duncan  and  Newlands 
have  recently  patented  a  process  for  this  purpose,  based  on  the  fact  that  alum  is 
but  slightly  soluble  in  cold  syrup.  It  consists  in  adding  to  a  cold  concentrated 
solution  of  raw  sugar,  or  of  a  syrup  containing  not  less  than  1*5  per  cent,  of 
potash,  a  sufficient  amount  of  a  strong  solution  of  aluminic  sulphate  to  convert 
all  the  potash  present  into  sulphate,  and  to  combine  with  the  potassic  sulphate 
so  formed.  On  standing,  the  alum  crystallizes  out.  The  clear  liquor,  which  is 
strongly  acid,  and  which  contains  much  alumina  in  solution,  is  drawn  off  and 
neutralized  with  lime  or  chalk,  boiled,  filtered,  and  then  again  filtered  through 
animal  charcoal  in  the  usual  way.  This  process  reduces  the  potash  present  to 
about  one-half  per  cent,  on  the  weight  of  the  syrup,  but  it  has  the  additional 
advantage  of  removing  nitrogenous  matters  from  the  solution,  as  these  are 
carried  down  with  the  alumina  precipitated  on  neutralization. 
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Cane  sugar  crystallizes  from  a  concentrated  aqueous  solution 
on  slow  evaporation  in  large  colourless  monoclinic  prisms,  gene- 
rally Tvith  hemihedral  faces;  the  crystals  are  hard,,  and  grate 
between  the  teeth.  It  has  a  sp.  gx.  of  about  r6.^  It  dissolves  in 
less  than  half  its  weight  of  water  at  ordinary  temperatures,  and  still 
more  easily  in  hot  water,  forming  a  syrupy  liquid;  but  it  is 
insoluble  in  ether  and  cold  anhydrous  alcohol,  and  only  slightly 
soluble  in  anhydrous  boiling  alcohol. 

The  apparent  specific  rotatory  power  of  cane  sugar  in  aqueous 
solution  is  variously  stated,  but  the  most  reliable  observations 
with  solutions  containing  from  lo  to  20  per  cent,  of  sugar  give 
the  values  [a]j  =  73^ — 7 3°' 8.  According  to  De  Luynes  and  Girard, 
however,  it  is  slightly  higher — viz.,  for  a  solution  containing 
about  16  per  cent,  by  weight,  [a]jj  =  67"*3i,  hence  by  calculation 
[a]j  =  74°'04  (comp.  Tollens,  Deut.  chem,  Ges.  Ber.,  ix.  493). 
Calderon  (Compt.  Rend.,  Ixxxiii.  393)  has  obtained  the  values 
[a] J,  =  6 7°' 15  and  [a]j  =  73°*20,  both  by  direct  observation.  Ap- 
parently it  is  independent  of  the  temperature  (Tuschmidt,  Journ. 
pr.  Chem.  [2] ,  ii.  243)  ;  and  it  is  usually  supposed  that  it  does  not 
vary  with  the  concentration,  but  this  does  not  appear  to  have  been 
established  by  an  exact  series  of  experiments  (comp.  Hesse,  Ann. 
Chem.  P harm. J  clxxvi.  95).  The  rotatory  power  of  a  freshly 
prepared  solution  is  not  altered  by  standing  or  by  heating. 

Cane  sugar  melts  at  about  160°  (320^  F.)  to  a  clear  liquid, 
and  on  cooling  forms  the  transparent  amber-coloured  solid  sold  as 
barley-sugar,  which  gradually  becomes  opaque  and  crystalline 
when  kept :  this   amorphous   sugar  has  a  much  lower  melting- 


*  Cane  sugar  in  solution  has  the  sp.  gr.  1-626  at  15°' 5  (60°  F.),  as  may  be 
calculated  in  the  foHowing  manner.  A  solution  af  10  grams  sugar  in  100  cc. 
at  1 5°' 5  (60°  F.)  has  at  this  temperature  the  sp.  gr.  1-0385;  the  weight  of 
water  in  100  cc.  of  the  solution  is  therefore  103-85  — 10  =  93*85,  and  hence 
the  volume  occupied  by  the  10  grams  sugar  is  100  — 93*85  =  6'i5,  and  the 
sp.  gr.  of  the  sugar  10 -^  6-15  =  1-626.  O'SuUivan  finds  that  sucrodextrose, 
invert  sugar,  maltose,  dextrin,  and  soluble  starch  have  the  same  sp.  gr.  as  cane 
sugar  in  solution ;  and  it  is  therefore  not  unlikely  that  this  will  be  foand  to  be 
the  case  for  the  carbohydrates  generally.  This  fact  is-  of  considerable  practical 
importance  as  the  amount  of  solid  matter  in  a  solution  of  carbohydrates  may  be 
ascertained  if  the  sp.  gr.  at  i5°-5  (60^  F.)  be  determined  by  merely  dividing  the 
weight  above  water  by  -00385.  The  most  complete  tables  of  the  densities  of 
aqueous  solutions  of  cane  sugar  of  different  strengths  have  been  published  by 
Mategczeck  :  Zeitschrift  des  Vereins  fur  Rubenzucher- Industrie,  1865,583; 
1874,843;  Scheibler :  ^^)^■o?.,  1870,269;  1874,950;  andGerlach:  ihid.,  1863, 
283;  1864,  354;  1865,  23.  The  solubility  of  sugar  in  alcohol  of  different 
strengths  and  at  different  temperatures  has  been  carefully  determined  by 
Scheibier  ( lyeut.  chem.  Ges.  Ber.,  v.  343). 


598  CARBOHYDRATES.  ['^5^4' 

point  than  the  crystalline  modification.  If  the  temperature  be 
maintained  for  some  time  at  about  the  melting-point,  the  sugar  is 
converted  without  loss  of  weight  into  a  mixture  of  sucrodextrose 
and  Isevulosan  :  C^fl^fl^^  =  CQR^fiQ-\-CQ}i^fi^,  At  a  higher  tem- 
perature water  is  given  off,  the  dextrose  apparently  undergoing 
alteration,  and  at  about  aio°  (410°  F.)  so-called  caramel  is  pro- 
duced, which  probably  is  a  mixture  of  several  bodies  formed  by 
the  withdrawal  of  the  elements  of  water  from  the  dextrose  and 
leevulosan ;  it  is  a  brown,  very  hygroscopic,  almost  tasteless  mass. 
On  further  heating,  an  inflammable  gaseous  mixture  is  given  off, 
consisting  of  carbonic  oxide,  carbonic  anhydride,  and  methane,  and 
a  distillate  is  obtained  containing  acetic  acid,  aldehyde,  acetone, 
furfurol,  and  other  substances  not  yet  identified,  whilst  a  porous, 
glistening,  carbonaceous  mass  remains  in  the  retort. 

A  number  of  metallic  derivatives  of  cane  sugar  are  known, 
but  their  composition  is  not  yet  satisfactorily  established ; 
although  much  more  stable  than  the  corresponding  derivatives  of 
the  glucoses,  they  are  decomposed  even  by  carbonic  acid.  Thus, 
on  adding  a  concentrated  solution  of  potassic  or  sodic  hydrate  to 
an  alcoholic  solution  of  sugar,  white  gelatinous  precipitates, 
CjgHgjKO^j  and  CjgHgjNaOjp  are  thrown  down;  and  on  mixing 
concentrated  solutions  of  baric  hydrate  and  of  sugar,  a  crystalline 
precipitate  is  obtained,  having  the  composition  C^gHgaBaO^g, 
which  may  be  recrystallized  from  boiling  water,  separating  from 
it  in  brilliant  scales  resembling  crystallized  boric  acid.  Again, 
calcic  hydrate  is  far  more  soluble  in  a  sugar  solution  than  in 
pure  water.  According  to  Peligot,  the  compound  Cj2H22CaOi2 
is  thrown  down  from  a  solution  containing  not  too  much  lime, 
on  the  addition  of  alcohol,  as  a  white  precipitate  which  dries  to 
a  gum-like  resinous  mass;  Benedikt  (Deut.  chem.  Ges.  Ber.,  vi. 
413)  has  prepared  this  compound  in  a  similar  manner,  and  states 
that  after  drying  at  100°  (21 'f  F.)  it  has  the  composition 
CjgHgoCaOjp  but  that  it  contains  2OH2  in  addition,  if  only 
dried  in  vacuo ;  it  is  extremely  soluble  in  water,  but  on 
heating  the  solution  it  becomes  turbid  from  the  separation  of 
the  compound  ^i2^22^H^\4.f  which  redissolves,  however,  as  the 
solution  cools.  The  latter  compound  may  be  prepared  by 
boiling  a  solution  of  sugar  which  has  been  saturated  with  lime, 
separating  as  an  opaque  gelatinous  mass.  It  is  said  that  the 
dicalcium  derivative,  Q^^^rf^^ifi^^-\-^011c^,  is  precipitated  from  a 
similar  solution  on  the  addition  of  alcohol.* 

*  According   to    Dubrunfaut,  the  rotatory  power  of  a  sugar   solution   is 
reduced  by  13  per  cent,  if  one  molecular  proportion  of  calcic  hydrate,  by  26  per 
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Judging  from  the  behaviour  of  the  polyhydric  alcohols,  such 
as  dulcitol  and  mannitol,  in  which  the  hydrogen  in  the  OH 
group  appears  to  be  only  partially  displaceable  by  the  more 
positive  metals,  if  the  formulae  assigned  to  these  calcium  deri- 
vatives correctly  represent  their  composition,  it  is  not  improbable 
that  in  their  formation  the  hydrogen  in  sugar  is  displaced  by  the 
monad  group  Ca.OH,  and  not^  as  in  the  formation,  for  example, 
of  anhydrous  calcic  sulphate  from  sulphuric  acid,  merely  by 
calcium  :  in  other  words,  that  the  calcium  atoms  do  not  displace 
an  equivalent  number  of  hydrogen  atoms,  but  only  half  the 
number.  The  formulae  of  the  barium  and  calcium  derivatives 
above  mentioned  may  on  this  assumption  be  written  in  the 
following  manner  : 

The  majority  of  the  metallic  derivatives  of  the  carbohydrates  are 
probably  bodies  of  similar  composition.  A  crystalline  lead  deri- 
vative, which,  after  drying  at  170°  (338°  F.)  in  vacuo,  has  the 
composition  CjgHjgPbgOj^  may  be  obtained  either  by  boiling  a 
solution  with  plumbic  oxide,  and  allowing  the  filtrate  to  cool ;  or 
by  precipitating  a  concentrated  solution  of  sugar  with  an  ammo- 
niacal  solution  of  plumbic  acetate,  dissolving  the  precipitate  in 
boiling  water,  and  allowing  it  to  crystallize.  It  forms  white 
nodules  (Peligot). 

cent,  if  two  molecular  proportions  of  calcic  hydrate  be  dissolved  in  it ;  on 
neutralizing  the  solution  with  an  acid,  it  recovers  its  rotatory  power,  however. 
The  solution  also  loses  13  per  cent,  of  its  rotatory  power  on  addition  of  one 
molecular  proportion  of  potassic  hydrate,  but  no  more  when  a  larger  quantity  is 
added ;  hence  there  is  probably  but  one  definite  potassium  derivative  of  cane 
sugar  which  can  exist  in  aqueous  solution.  Sostmami  {Zeits.  f.  RuhenzucJcer 
In.,  1866,  82,  272)  states,  however,  that  the  effect  produced  by  the  carbonate 
and  hydrate  of  potassium  and  sodium  is  greater  in  Concentrated  than  in  dilute 
solutions. 

According  to  recent  experiments  of  Miintz  {Compt.  Bend.,  Ixxxiii.  1334),  a 
large  number  of  salts  of  the  alkali  and  alkaline  earth  metals  reduce  the  rotatory 
power  of  cane  sugar,  but  in  very  different  proportions,  the  most  active  salts  being 
the  chloride,  carbonate  and  borate  of  sodium,  and  potassic  carbonate ;  the  salts  of 
metals  such  as  lead  and  zinc  have  little  or  no  influence.  In  the  case  of  sodic 
chloride,  the  presence  of  2*5,  5,  10,  20,  and  25  grams  in  100  cc.  of  solution 
containing  10  grams  sugar,  was  found  to  reduce  the  rotatory  power  from  67  to 
66°"J,  66°'2,  65°*3,  6^°"j,  and  62°-8,  and  practically  the  same  results  were 
obtained  with  solutions  containing  five  and  twenty  grams  of  sugar.  Miintz  has 
also  examined  the  influence  of  lime,  and  finds  that  the  addition  of  '409  gram  CaO 
to  a  solution  of  10  grams  sugar  in  100  cc.  reduces  the  rotatory  power  from  67** 
to  64**4;  that  twice  the  amount  of  lime  reduces  it  to  6i°*3;  three  times  the 
amount  to  56°"9 ;  and  four  times  the  amount  to  54°'8.  These  results  obviously 
do  not  agree  with  Dubrunfaut's. 
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When  cane  sugar  is  warmed  with  an  excess  of  acetic  anhy- 
dride^ a  vigorous  action  takes  place,  which,  when  once  established, 
continues  spontaneously ;  the  product,  after  washing  with  water 
and  drying,  is  a  gum-like  amorphous  mass  of  the  composition 
C^^lly^{Cfifi^)rjO^.  By  prolonging  the  action  of  the  anhydride, 
an  octacetate,  (^lo^ui^z^fi^^s^s'  having  similar  properties,  is 
finally  obtained  (Schiitzenberger). 

Cane  sugar,  like  sucrodextrose,  combines  with  sodic  chloride, 
forming  the  compound  Cj2H220jj.NaCL20H2,  which  with  some 
difficulty  is  obtained  crystallized  in  prisms  terminated  by 
pyramids.  It  also  combines  with  sodic  iodide^  the  compound, 
2Cj5H220j-^.3NaI.30H2,  crystallizing  with  the  greatest  readiness 
from  solutions  containing  a  moderate  excess  of  the  iodide,  in  large 
transparent  monoclinic  prisms,  which  can  be  recrystallized  as  often 
as  desired  from  water  or  aqueous  alcohol  without  suffering  de- 
composition. A  solution  of  these  crystals  has  the  rotatory  power 
corresponding  to  the  amount  of  sugar  present  (Gill^  Journ.  Chem. 
Soc,  xxiv.  269). 

Cane  sugar  is  much  less  readily  acted  upon  by  alkalies  than 
the  glucoses,  but  on  the  other  hand  it  is  extremely  sensitive  to  the 
action  of  acids.  Thus,  when  boiled  with  a  moderately  concentrated 
solution  of  potassic  or  sodic  hydrate,  the  liquid  only  slowly  becomes 
of  a  yellow,  and  later  on  of  a  brown  colour.  If  it  be  heated  with 
potassic  hydrate  and  only  a  small  quantity  of  water,  the  mixture 
becomes  at  first  brown,  but  is  afterwards  decolorized  and  evolves 
hydrogen,  and  then  contains  a  large  quantity  of  potassic  oxalate. 
On  heating  it  in  sealed  tubes  to  150°  (482°  F.)  with  water  and 
2 — 3  pts.  baric  hydrate,  it  yields  70 — 80  per  cent,  of  its  weight 
of  lactic  acid^  and  small  quantities  of  carbonic  and  oxalic  acids, 
and  of  an  acid  which  furnishes  a  zinc  salt  soluble  in  alcohol 
(Schiitzenberger,  D^ut.  chem.  Ges.  Ber.,  ix.  448).  If  a  mixture 
of  3  pts.  quicklime  and  i  pt.  sugar  is  distilled,  a  large  quantity  of 
inflammable  gas  is  evolved,  and  a  distillate  is  obtained  consisting 
of  a  watery  and  an  oily  layer;  the  former  contains  acetone, 
together  with  a  small  quantity  of  acetic  acid,  and  the  latter  con- 
tains metacetonej  CgH^^O  (b.p.  83^ — 84°  C),  isophorone,  CgHg^O 
(b.p.  210°  C),  and  bodies  of  higher  boiling  point.  Probably 
the  sugar  is  resolved  into  acetone,  methane,  carbonic  anhydride, 
and  water,  and  the  metacetone  and  isophorone  are  products  of 
condensation  of  the  acetone  (Benedikt,  Ann.  Chem.  Pharm.f  clxii. 

Cane  sugar  is  converted  by  very  long  boiling  with  water  into 
a  mixture  of  equal  proportions  of  sucrodextrose  and  sucrolsevu- 
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lose:-^  Ci2H220ji  +  OH3=CgHi20g  +  CgHiPg.  This  change  (inver- 
sion) takes  place  even  at  ordinary  temperatures  in  the  presence  of 
acids,  especially  of  hydrochloric  and  sulphuric  acids,,  and  is  almost 
instantaneously  effected  on  heating  a  solution  containing  a  small 
percentage  of  either  of  these  acids  to  6^ — 70°  (149° — 158°  F.), 
and  without  coloration  of  the  liquid. 

The  rate  at  which  inversion  proceeds  depends,  however,  not  only  on  the 
temperature,  but  also  on  the  nature  of  the  acid,  and  the  relative  amounts  of 
sugar  and  acid  contained  in  the  solution. 

It  is  more  rapid  the  higher  the  temperature,  hut  the  law  of  variation  is 
unknown ;  and  the  mineral  acids  are  far  more  active  than  the  organic  acids, 
acetic,  tartaric,  and  citric  acids  having  but  little  influence  at  ordinary  tempera- 
tures. According  to  Fleury  {Ann.  Chim.  TJiys.  [5],  vii.  381),  at  a  tempera- 
ture of  18° — 24°  (64°"4 — 75°*2  F.),  hydrochloric  acid  acts  more  rapidly  than 
the  equivalent  amount  of  sulphuric  acid,t  and  sulphuric  more  rapidly  than 
phosphoric  acid ;  but  arsenic  acid  has  a  greater  effect  than  the  equivalent  quan- 
tity of  phosphoric  acid.  For  solutions  containing  the  same  amount  of  a  given  acid, 
but  varying  amounts  of  sugar,  the  rate  of  change  at  any  moment  appears  to  be 
proportional  to  the  amount  of  undecomposed  sugar  existing  in  the  liquid  ;  but  if 
the  amount  of  sugar  be  the  same  and  the  amount  of  acid  vary,  the  inversion 
does  not  take  place  at  an  increasing  rate  proportional  to  the  increase  in  the 
amount  of  acid,  but  at  a  much  greater  rate. 

Certain  salts  also  assist  inversion,  but  apparently  this  is  to 
be  attributed  to  the  action  of  the  acid  formed  by  their  decomposi- 
tion when  dissolved  in  water. J  Most  remarkable,  however,  is  the 
influence   of  a   cold    aqueous  decoction  of  yeast  free  from  yeast 


*  The  manner  in  which  the  Isevulose  may  be  isolated  from  the  product  has 
already  been  described  (p.  5B4) ;  the  dextrose  may  be  obtained,  after  removal  of 
the  acid,  by  evaporating  the  solution  to  a  thin  syrup,  and  allowing  this  to  stand, 
when,  sooner  or  later,  crystals  are  formed,  which  may  be  purified  in  the  manner 
we  have  described  when  speaking  of  the  preparation  of  sucrodextrose  from 
honey. 

t  It  has  been  stated  that  sulphuric  acid  acts  more  rapidly  than  hydrochloric 
acid. 

;|;  In  order  to  test  the  theory  that  certain  salts  undergo  decomposition  when 
dissolved  in  water,  Fleury  has  compared  the  effect  of  several  salts  on  the  inversion 
of  cane  sugar  solutions  with  that  of  the  •  corresponding  acids,  and  has  obtained 
results  of  considerable  interest.  In  an  experiment  with  hydric  potassic  sulphate, 
KHSO4,  he  found  that  the  influence  of  this  salt  was  only  equal  to  that  of  about 
i-ioth  the  quantity  of  acid  which  would  be  formed  supposing  it  were  entirely 
converted  on  solution,  into  sulphuric  acid  and  normal  potassic  sulphate ; 
similarly,  the  action  exercised  by  aluminic  sulphate  was  equal  to  less  than  i-5oth 
part  of  that  of  the  sulphuric  acid  equivalent  to  the  amount  of  salt  taken. 
Quinine  sulphate  and  hydrochloride,  morphine  hydrochloride,  and  a  mixture  of 
sodic  acetate  with  the  equivalent  amount  of  hydrochloric  acid,  were  entirely 
without  action  ;  this  last  observation  is  of  interest  as  a  further  proof  that  a  salt 
like  sodic  acetate  is  entirely  decomposed  when  a  strong  acid,  such  as  hydrochloric 
acid,  is  added  to  its  solution.  A  more  extended  series  of  observations  according 
to  this  method  would  be  of  considerable  value. 


602  CARBOHYDRATES.  [.^5^4' 

cells  and  of  malt  extract,  saliva,  pancreatic  juice,  and  many  other 
substances  of  animal  and  vegetable  origin,  which  rapidly  effect 
the  inversion  of  sugar  even  at  ordinary  temperatures,  but  especially 
at  temperatures  slightly  higher,  not  exceeding  blood  heat ;  the 
action  of  these  substances  is  due  to  certain  unstable  nitrogenous 
bodies  which  they  contain,  but  as  yet  no  satisfactory  explanation, 
has  been  given  of  the  manner  in  which  these  "  unorganized  fer- 
ments/^ as  they  are  generally  termed,  induce  the  decomposition 
of  cane  sugar  by  water. 

The  inversion  of  a  cane  sugar  solution  is  attended  with  a  con- 
traction in  volume  (comp.  Chancel,  Compt.  Rend.,  Ixxiv.  876),  and 
also  with  development  of  heat  (Fleury,  loc.  cit.,  p.  404).  There 
is  also  an  increase  in  the  specific  gravity  of  the  liquid :  thus,  a 
solution  containing  at  i^^'^  (59°'9  F.)  10  grams  cane  sugar  in 
100  cc,  has  at  this  temperature  the  sp.  gr.  1*0385,  but  a  solution 
of  the  invert  sugar  from  10  grams  cane  sugar  (1 0*526  grams)  in 
100  cc.  has  the  sp.  gr.  1*0405.  Moreover,  as  the  inversion  pro- 
ceeds, the  dextrorotatory  power  of  the  liquid  gradually  diminishes, 
and  at  a  certain  point  the  solution  is  apparently  optically  inactive, 
but  it  soon  begins  to  exhibit  Isevorotatory  action  :  this,  as  we  have 
already  stated,  is  because  the  Isevorotatory  action  of  sucrolsevulose 
is  much  greater  than  the  dextrorotatory  action  of  sucrodextrose — 
viz.,  in  about  the  proportion  of  106  :  58  at  14°  (57°"2  F.).  For 
example,  a  solution  of  16  19  grams  cane  sugar  in  loocc.  requires 
for  compensation  100  divisions  of  the  Soleil-Dubbscq  scale,  but 
to  compensate  after  its  inversion,  if  the  reading  be  taken  at 
0°  (32°  F.),  it  is  necessary  to  shift  the  scale  about  44  divisions 
from  the  zero  point  in  the  opposite  direction."^ 

It  is  important  to  notice  that  the  mixture  of  dextrose  and 
laevulose  formed  on  inversion  is  liable  to  change  if  the  heating 
be  continued  after  the  inversion  is  complete  ;  indeed,  O'Sullivan 
finds  [private  communication)  that  if  heated  for  a  considerable 
length  of  time,  the  solution  not  only  becomes  slightly  coloured, 
but  its  sp.  gr.  increases,  while  its  optical  activity  and  cupric  oxide 
reducing  power  diminish.      Thus,  the  sp.  gr.  of  the  solution  of  the 


*  As  the  apparent  specific  rotatory  power  of  sucrodextrose  is  known,  we  may 
readily  calculate  that  of  sucrolsevulose  from  the  observation  of  the  rotatory  power 
of  a  solution  of  invert  sugar.  For  example,  a  solution  of  10*526  grams  of 
invert  sugar  in  100  cc.  is  found  at  the  ordinary  temperature  to  have  the  specific 
rotatory  power  [a\  =  —  2  2°-8,  but  as  only  one-half  the  matter  in  solution  exer- 
cises Isevorotatory  action,  this  number  must  be  doubled,  and  therefore  becomes 
—  45°'6;  obviously  to  this  must  now  be  added  the  apparent  specific  rotatory 
power  of  sucrodextrose — viz.,  [a]j  =  58°  (about),  and  we  thus  obtain  the  value 
[a]j  =  —  I03°*6  as  the  apparent  specific  rotatory  power  of  sucrolzevulose. 
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invert  sugar  from  lo  grams  cane  sugar  in  lOO  cc.  being  1*0405, 
and  its  specific  rotatory  power  calculated  on  the  total  matter  in 
solution  [a]j  =  —  :i2°*8,  he  observed  an  increase  of  the  sp.  gr.  to 
1*0430, — which  is  equivalent  to  11*17  grams  of  solid  matter  in 
the  100  cc. — and  at  the  same  time  the  specific  rotatory  power 
was  reduced  to  [a]j  =  —  i::j°* 7,  and  the  cupric  oxide  reducing  power 
diminished  from  j 05*26  to  85 — 90.  It  would  appear,  therefore, 
that  either  the  dextrose  or  Isevulose,  or  perhaps  both,  undergo 
further  hydration ;  the  nature  of  the  body  or  bodies  which  are 
formed  has  yet  to  be  ascertained,  but  from  preliminary  experi- 
ments, O^Sullivan  believes  that  the  product  does  not  reduce  an 
alkaline  cupric  solution,  neither  is  it  fermentable.^ 

Grot€  and  Tollens  have  shown  {Ann.  Chem.  Pharm.,  clxxv.  181) 
that  if  a  more  concentrated  sulphuric  acid  solution  be  employed, 
the  invert  sugar,  or  rather  principally  one  of  its  constituents — 
the  Isevulose — undergoes  still  more  profound  change.  Thus,  if  a 
mixture  of  400  grams  cane  sugar,  400  grams  sulphuric  acid, 
and  4300  grams  water  be  heated  to  boiling  during  several  days, 
a  considerable  amount  of  black  humus-like  matter  separates,  and 
the  solution  contains  formic  and  Ijevulinic  acids,  together  with 
humus-like  substances  and  sucrodextrose.  Lsevulinic  acid,  C^HgOg, 
below  11°  (5i°*8  F.)  crystallizes  in  scales  resembling  crystallized 
acetic  acid ;  it  is  monobasic,  and  furnishes  a  series  of  crystalline 
salts,  of  which  the  silver  salt  is  the  most  characteristic.  It  boils 
at  about  260°  (500°  F.) ;  water  dissolves  it  in  all  proportions,  and 
the  solution  is  optically  inactive ;  when  heated  at  100  (212°  F.) 
with  a  5  per  cent,  solution  of  sulphuric  acid  it  is  but  little  affected. 
On  treating  dextrose  in  a  similar  manner,  very  little  of  the  humus- 
like matters  were  formed,  and  neither  formic  nor  Isevulinic  acid 
could  be  separated  from  the  solution  ;  but  Isevulose  from  inulin 
furnished  a  considerable  amount  of  humus,  and  both  formic  and 
Isevulinic  acids,  so  that  there  can  be  no  doubt  that  the  latter  are 


*  A  crystalline  body  which  after  drying  in  the  air  has  the  composition 
CgH^^Oy  has  been  isolated  from  refiners'  molasses  by  Loiseau  {Compt.  JRend., 
Ixxxii.,  1058).  Rajffinose,  as  this  substance  is  termed,  is  almost  destitute  of 
sweet  taste;  at  20°  (68°  F.)  it  dissolves  in  about  7  pts.  of  water,  but  in  all  pro- 
portions in  hot  water ;  the  solution  has  a  higher  dextrorotatory  power  than  that 
of  cane  sugar  in  the  proportion  of  100  :  159,  hence  [a]j  —  117°.  It  melts  at 
about  80°  (176°  F.),  and  when  heated  to  100°  (212°  F.)  loses  15*1  per  cent, 
water,  which  it  regains  in  great  part  when  exposed  to  moist  air ;  the  residue  has 
therefore  the  composition  represented  by  the  empirical  formula  O^H^gOg. 

The  observations  of  Miintz  and  of  Girard  and  Laborde  {Comjpt.  Mend., 
Ixxxii )  also  indicate  that  the  syrup  which  drains  from  raw  cane  sugar  and 
molasses  contains  a  substance  different  from  invert  sugar ;  in  most  cases  appa- 
rently it  is  optically  inactive,  although  capable  of  reducing  Fehling's  solution. 
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derived  from  sncrolsevulose,  and  not  from  suorodextrose.      Their 
formation  may  be  empirically  represented  by  the  equation : 
C,H,,0,     =     C.H.O^      +      CH,0,      +      OH,. 

Sucrolaevulose.  Laevulinic  acid.  Formic  acid. 

Concentrated  sulphuric  acid  very  readily  decomposes  cane 
sugar,  vapours  of  formic  acid  and  sulphurous  anhydride  and  car- 
bonic oxide  being  evolved,  while  a  voluminous  black  carbonaceous 
mass  remains ;  but  it  is  stated  that  if  it  be  very  carefully  mixed 
with  the  cold  acid,  it  becomes  brown  without  evolving  sulphurous 
anhydride,,  and  the  mixture  is  completely  soluble  in  water  without 
separation  of  carbon.  Concentrated  hydrochloric  acid  also  acts 
violently  on  cane  sugar  and  chars  it. 

If  heated  with  alcohol  to  160°  (320°  ¥.),  cane  sugar  remains 
unaffected  J  but  water  at  this  temperature  decomposes  it,  about 
half  its  carbon  being  separated  as  carbonic  anhydride  and  in  the 
solid  state,  whilst  the  solution  contains  formic  acid  (Loew)  ; 
according  to  Gorup-Besanez,  if  it  be  heated  with  water  to 
380  {^^6°  F.),  a  very  large  quantity  of  carbonic  anhydride  and 
of  black  carbonaceous  matter  is  formed,  and  also  a  small  amount 
of  pyrocatechol. 

Cane  sugar  is  readily  oxidized,  although  as  compared  with 
the  glucoses,  it  opposes  very  considerable  resistance  to  the  action 
of  the  weaker  oxidizing  agents.  Thus,  it  reduces  silver  and  mer- 
cury salts  when  boiled  with  them,  and  precipitates  gold  from  a  solu- 
tion of  the  chloride,  but  only  very  slowly  reduces  Fehling's  solution; 
and,  like  the  glucoses,  it  dissolves  cupric  hydrate  in  presence  of 
alkali,  forming  a  blue  solution  from  which  cuprous  oxide  is  pre- 
cipitated on  boiling.  Probably,  however,  in  all  these  cases  the 
cane  sugar  is  not  directly  oxidized.  On  careful  treatment  with 
dilute  nitric  acid,  it  yields  saccharic  acid,  usually  together  with 
tartaric  and  oxalic  acids  which  are  formed  from  the  latter  by 
further  oxidation.  Dry  chlorine  does  not  attack  it  at  ordinary 
temperatures,  but  on  passing  the  gas  into  an  aqueous  solution  of 
cane  sugar,  and  subsequently  neutralizing  with  argentic  hydrate, 
&c.,  gluconic  acid  is  obtained  identical  with  that  produced  from 
sucrodextrose  (Hlasiwetz  and  Habermann).  When  distilled  with 
manganic  peroxide  and  dilute  sulphuric  acid,  it  yields  a  consider- 
able amount  of  formic  acid. 

As  already  mentioned,  it  isi  not  directly  fermentable,  but 
when  its  dilute  aqueous  solution  is  mixed  with  yeast,  it  rapidly 
undergoes  inversion,  and  the  mixture  of  dextrose  and  laevulose 
thus  formed  then  enters  into  fermentation  ;  about  51  to  52  parts  of 
alcohol  being  produced  for  e^ch  100  parts  of  cane  sugar  employed. 
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Estimation  of  Cane  Sugar. — The  presence  of  cane  sugar  can  only  be  satis- 
factorily established  by  quantitative  analysis,  if  it  occurs  together  with  other 
bodies,  and  is  then  only  possible  if  the  foreign  substances  are  either  optically 
inactive  and  also  without  action  on  Fehling's  solution  both  before  and  after 
inversion,  or  of  known  optical  activity  and  cupric  oxide  reducing  power ;  if  this 
be  not  the  case,  it  becomes  necessary  to  isolate  the  sugar  by  appropriate  treatment 
in  order  to  be  sure  of  its  presence. 

If  a  solution  contain  simply  cane  sugar,  its  amount  may  readily  be  estimated 
by  determining  the  specific  gravity,  or  the  rotatory  power  of  the  solution ;  but 
this  is  seldom  the  case,  the  sugar  as  a  rule  occurring  together  with  other  sub- 
stances, which  sometimes  are  without  action  on  polarized  light,  and  do  not  reduce 
Fehling's  solution,  but  more  often  either  reduce  Fehling's  solution  or  exhibit  optical 
activity,  or  are  both  optically  active  and  capable  of  precipitating  cuprous  oxide. 

The  presence  of  cane  sugar  in  a  given  substance  or  solution  is  in  the  highest 
degree  probable  if,  when  examined  by  polarized  light,  the  solution  of  the  sub- 
stance, or  the  original  solution  respectively,  is  found  to  possess  dextrorotatory 
power,  but  to  be  without  immediate  action  on  Fehling's  solution,  and  after 
heating  with  an  acid  to  possess  Isevorotatory  power,  and  to  be  capable  of  imme- 
diately reducing  an  alkaline  cupric  solution.  In  order  to  establish  the  presence 
of  cane  sugar,  however,  it  is  necessary  to  determine  the  rotatory  power  of  the 
solution,  both  before  and  after  inversion :  then,  since  invert  sugar  is  a  mixture 
of  equal  proportions  of  sucrodextrose  and  sucrolsevulose,  and.  the  specific  rotatory 
powers  of  the  two  bodies  are  respectively  [a]j  =  57"'6  and  —106°  (at  14°  C, 
or  57°'2  F.),  the  specific  rotatory  power  of  the  mixture  is  5Zl  ^  £5^ 
=  —  24°*2  at  14°  0.  (57°'2  F.),  and  provided  the  observation  be  made  at 
this  temperature,  the  number  of  degrees  of  isevorotation  produced  by  a  solu- 
tion of  the  invert  sugar  formed  from  a  solution  of  cane  sugar  of  arbitrary 
strength,  but  of  known  dextrorotatory  power,  is  calculated  by  multiplying 
the  number  of  degrees  of  dextrorotation  exhibited  by  the  cane  sugar 
solution  by  '32,  since  the  specific  rotatory  power  of  cane  sugar  is  [a]^—  73°*8 
and  24*2  =  738  X  o"32.  If  the  calculated  and  observed  values  are  fairly  ac- 
cordant, the  presence  of  cane  sugar  ma}'  be  regarded  as  established.  Another 
method  which  is  perhaps  preferable,  as  it  does  not  require  a  knowledge  of  the 
specific  rotatory  powers  of  the  constituents  of  invert  sugar,  consists  in  observing 
the  rotatory  power  of  the  original  solution  and  its  cupric  oxide  reducing  power 
after  inversion:  from  the  latter  value  the  amount  of  cane  sugar  present  in  a 
given  volume  or  weight  of  the  solution  is  readily  deduced,  and,  this  being 
ascertained,  the  apparent  specific  rotatory  power  of  the  substance  in  solution  may 
then  be  calculated  and  compared  with  the  known  value,  with  which  it  must 
coincide  within  the  limits  of  experimental  error  if  the  solution  contain  only  cane 
sugar.  The  calculation  is  made  in  the  following  manner: — 'Invert  sugar  having 
the  same  cupric  oxide  reducing  power  as  sucrodextrose,  as  one  molecular  proportion 
of  the  latter  reduces  five  molecular  proportions  of  cupric  oxide,  we  have  the  relation: 

CeH,A   =  5CaO    =    180   :   396-5; 
but  one  molecular  proportion  of  cane  sugar  furnishes  one  of  dextrose  and  one  of 
Isevulose,  so  that  the  invert  sugar  from  a  single  molecular  proportion  of  cane 
sugar  reduces  ten  molecular  proportions  of  cupric  oxide,  or : 
Cx2H,Ai  '   loCuO    =    342  :   793. 
From  this  it  follows  that  each  gram  of  cupric  oxide  obtained  (p.  568)  represents 
3i-  or    '4^1    gram  of  cane    sugar;    hence,  to   find   the  number  of  srrams    of 
cane  sugar  c  m  100  cc.  of  solution,  we  have  c  =  xy.  0*43 1,  where  x  equals  the 
number    of  grams  of  cupric  oxide  which  would  be  obtained  on   redaction  of 
Fehling's  solution  by  the  invert  sugar  formed  from  100  cc.  of  the  original  solution. 
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The  raethod  just  described  obviously  applies  not  only  to  tbe  detection,  but 
also  to  the  estimation  of  the  amount  of  cane  sugar  in  a  given  solution.  But  the 
amount  of  cane  sugar  in  a  given  substance  containing  no  other  optically  active 
body  may  readily  be  ascertained  by  merely  observing  the  rotatory  power  of  a 
solution  of  the  substance  of  known  strength,  for  a  solution  containing  in  loocc. 
1619  grams  of  cane  sugar  produces  in  the  Soleil-Duboscq  saccharometer  a  dis- 
placement of  100  scale  divisions:*  therefore,  if  16-19  grams  ^^  ^^^  given 
substance  he  dissolved  in  water  to  100  cc,  and  the  solution  examined  in  this 
saccharometer  in  a  tube  200  mm.  long,  the  observation  being  made  for  the  tem- 
perature at  which  the  solution  is  prepared,  the  number  of  scale  divisions  required 
for  compensation  directly  represents  the  percentage  of  cane  sugar  in  the  sub- 
.stance  ;  or,  if  one  of  the  other  forms  of  apparatus  illuminated  by  sodium  light  be 
employed,  and  the  angular  deviation  produced  by  a  solution  of  the  above  strength 
in  a  tube  200  mm.  long  observed,  the  amount  of  cane  sugar  present,  y,  may  be 
calculated  by  the  simple  proportion  : 

2l'8o  :  X    =    16*19  :  2/ 
where  x  equals  the  observed  angular  deviation,  since  a  solution  of  i6'i9  grams 
cane  sugar  in  100  cc.  produces  in  a  column  of  200  mm.  a  deviation  of  2i°*8o. 
The  observation  may  be  checked  by  determining  the  rotatory  power  of  the  solu- 
tion after  inversion.f 

*  The  amount  of  cane  sugar  which,  when  dissolved  in  water  to  loo  cc.  and 
the  solution  examined  at  the  same  temperature  as  that  at  which  it  is  pre- 
pared in  a  tube  200  mm.  in  length,  is  required  to  produce  a  deviation  equal 
ix)  100  divisions  of  the  Soleil-Duboscq  scale,  was  for  the  first  time  ascertained  by 
Clerget  in  1849,  who  stated  it  to  be  1 6*471  grams.  Dubrunfaut  afterwards 
found  this  to  be  too  high,  and  reduced  it  to  1 6*390  grams,  which  later  on  was 
still  further  reduced  to  16*35  g^^^^  ^y  a  commission  consisting  of  Pouillet, 
Barreswil,  Schlosing,  and  Duboscq.  Kecently,  however,  De  Luynes  and  Girard 
have  very  carefully  redetermined  the  value  of  the  constant  in  question,  and  find 
that  only  16-19  grams  of  cane  sugar  are  required  to  produce  the  same  amount  of 
deviation  as  a  plate  of  quartz  1  mm.  in  thickness. 

t  According  to  Tuschmidt  {Journ.  jpr.  Chem.  [2]  1870,  ii.  235),  a  solution 
of  cane  sugar  which  before  inversion  produces  a  deviation  corresponding  to  100 
divisions  of  the  Soleil-Duboscq  scale,  after  inversion,  if  the  observation  be  made 
at  0°  {32°  F.)  causes  a  deviation  of  44*16  divisions  in  the  opposite  direction; 
but  for  each  degree  C.  rise  of  temperature  the  deviation  after  inversion  diminishes 
by  '505  divisions  of  the  scale.  Tuschmidt  has  given  formulae  which  enable  the 
relation  between  the  temperature  and  the  deviation  produced  by  a  solution  of 
invert  sugar  to  be  calculated  for  solutions  of  any  strength,  and  also  tables  by 
reference  to  which  the  amount  of  cane  sugar  in  a  given  solution  may  be  ascer- 
tained when  the  deviation  which  it  produces  before  and  after  inversion  is  known. 
These  tables  are  based  on  the  formula : 

144*16035  —  0*50578^  :  100  =  S  :  K 
■D  _  100  S 

144*0635  -  0*50578^25' 

where  Tl  is  the  required  percentage  of  cane  sugar  in  the  solution,  S  the  svm  of 
the  scale  readings  before  and  after  inversion,  and  t  the  temperature  at  which  the 
observation  is  made  after  inversion.  Calculated  for  the  forms  of  instrument  with 
which  sodium  light  is  employed,  and  the  absolute  angular  deviation  determined, 
this  formula  becomes : 

R        21*71898 

31*310  -  0*10985 
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Another  method  of  distinguishing  whether  a  soluble  carbohydrate  which  only 
reduces  Fehling's  solution  after  heating  with  dilute  acid  is  cane  sugar  or  not, 
without  the  employment  of  the  polarimeter,  depending  on  the  fact  that,  although 
dextrose  and  laevulose  have  the  same  cupric  oxide  reducing  power,  they  do  not 
reduce  all  oxidizing  agents  to  the  same  extent,  consists  in  determining  the  cupric 
oxide  reducing  power  of  the  solution  after  inversioji,  and  also  its  mercuric  iodide 
reducing  power  in  the  manner  described  below.*  This  method  also  enables  us 
to  determine  whether  a  solution  in  which  a  reducing  body  is  present  contains 
dextrose  or  invert  sugar  only,  or  a  mixture  of  both,  and  the  proportion  in  which 
they  are  present.  For  example,  it  is  found  on  the  one  hand  that  exactly  25  cc. 
of  the  solution  are  required  to  reduce  72  grams  Hgl^,  and  on  the  other  that 
these  25  cc.  reduce  an  amount  of  Fehling's  solution  corresponding  to  '125  gram 
glucose,  CgH^Pg ;  we  therefore  have  the  equation  : 

a;    +   ^    =    -125, 


*  The  mercuric  iodide  reducing  power  is  ascertained  by  a  modification  of 
Knapp's  method  (p.  582),  which,  according  to  Sachsse,  does  not  yield  constant 
results  (Chemie  d.  Farhstoffe,  Kohlehydrate,  Sfc,  Leipsig :  L.  Voss.  1877). 
Knapp  found  that  100  pts.  dextrose  reduce  400  pts.  mercuric  cyanide,  which  is 
in  the  ratio  of  one  molecular  proportion  of  the  former  to  somewhat  less  than 
three  of  the  latter,  as  the  proportion  Cfi.^f>^  :  3Hg(CN)2  requires  the  reduction 
of  420  pts.  of  the  cyanide;  but  Sachsse  states  that  the  amount  of  cyanide 
reduced  depends  on  the  rate  at  which  the  dextrose  is  added  to  the  boiling  mercuric 
cyanide  solution,  the  reduction  being  greater  the  more  rapidly  the  titration  is 
effected.  He  finds,  however,  that  an  alkaline  solution  of  another  mercuric  salt-— 
viz.,  the  iodide,  yields  constant  results.  The  solution  is  prepared  by  dissolving 
18  grams  pure  dry  mercuric  iodide  in  water  with  the  aid  of  25  grams  potassic 
iodide,  adding  to  this  80  grams  of  potassic  hydrate  dissolved  in  water,  and  then 
diluting  to  looo  cc.  Of  this  solution,  40  cc,  containing  '72  gram  of  mercuric 
iodide,  are  heated  to  boiling  in  a  porcelain  dish,  and  the  solution  of  the  carbo- 
hydrate of  about  half  a  per  cent,  strength  is  then  added— at  first  in  quantities  of 
5  cc.  at  a  time,  then  in  quantities  of  1  cc,  and  lastly  by  tenths  of  a  cubic  centi- 
metre, until  the  whole  of  the  mercury  is  precipitated,  which  is  ascertained  by 
means  of  a  saturated  solution  of  commercial  stannous  chloride  in  alkali,  a  number 
of  drops  of  which  are  placed  on  a  porcelain  plate,  and  one  of  them  mixed  with  a 
drop  of  liquid  from  the  dish  after  each  addition  of  the  carbohydrate  solution : 
at  first  a  black  precipitate  is  formed,  which  becomes  less  and  less  evident  as 
the  reduction  proceeds,  and  the  titration  is  regarded  as  complete  when  the 
addition  of  a  drop  of  the  titrated  liquid  no  longer  produces  even  a  brown 
coloration. 

It  is  found  in  this  manner  that  on  an  average  '1501  gram  of  dextrose  is 
required  to  effect  the  reduction  of  40  cc.  of  mercuric  iodide  solution  containing 
•72  gram  Hgl^,  which  is  in  the  proportion  of  2.454:  189,  or  nearly  as 
2Hgl2:  CgH^gOg  (2.254:  180).  Invert  sugar,  however,  has  a  much  greater 
reducing  power,  '1072  gram  sufficing  entirely  to  precipitate  the  mercury  from 
40  cc.  of  the  mercuric  iodide  solution  ;  from  this,  supposing  the  dextrose  to  have 
the  same  reducing  power  as  when  alone,  we  may  calculate  that  the  amount  of 
laevulose  required  to  reduce  72  gram  of  mercuric  iodide  is  2  x  0.1072  —  0"i  501  = 
00643  gram,  which  is  in  the  proportion  of  9454  :  364  or  nearly  as  ^Cfi^fi^  : 
•pHgl^.  This  remarkable  difference  in  the  behaviour  of  dextrose  and  laevulose  is  of 
the  greatest  interest,  and  it  may  be  expected  that  further  observations  of  this  kind 
on  the  behaviour  of  the  different  glucoses  with  various  oxidizing  agents  will 
furnish  results  of  much  importance. 
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v^here  x  is  the  dextrose  and  1/  the  invert  sugar.  In  order  to  find  the  second 
equation  which  is  necessary  to  ascertain  the  value  of  these  two  unknowns,  we 
have  merely  to  bear  in  mind  that  '1504  gram  dextrose,  but  only  -1072  gram 
invert  sugar  is  required  to  reduce  72  gram  Hgl^ ;  therefore  x  grams  dextrose 
correspond  to  a?  x  :^^  =  479  x  and  y  grams  invert  sugar  to  yx  -Z_  =  671^ 
grams  mercuric  iodide,  and  therefore  : 

479  X    +    671  2/    =    72. 

Hence,  x  =  'O^iS  and  y  =  -0632  ;  in  other  words,  the  solution  contained  a 
mixture  of  dextrose  and  invert  sugar  in  nearly  equal  proportions.  Obviously,  if 
X  ov  y  =  o,  invert  sugar  or  dextrose  only  is  present  j  in  the  former  case,  sup- 
posing the  solution  had  been  prepared  from  a  substancje  which  did  not  imme- 
diately reduce  Fehling's  solution,  by  heating  it  with  a  dilute  acid,  it  would  follow 
that  the  substance  under  examination  was  cane  sugar,  but  if  dextrose  alone  were 
present  it  would  follow  that  the  substance  examined  consisted  of  dextrin,  or  of  a 
similar  body,  which  yields  only  dextrose  when  boiled  with  acids. 

This  method  of  analysis  will  doubtless  be  found  generally  applicable  when  the 
behaviour  of  other  carbohydrates  besides  sucrodextrose  and  sucrolaevulose  with 
various  oxidizing  agents  has  been  ascertained. 

If  cane  sugar  occur  together  with  invert  sugar,  the  mixture  may  be  approxi- 
mately analysed  by  simply  determining  its  cupric  oxide  reducing  power  both  before 
and  after  heating  with  acid  ;  the  determination  of  cane  sugar  in  presence  of  invert 
sugar  in  this  manner  is  not  exact,  as  the  former  does  not  entirely  escape  oxidation 
when  heated  with  Fehling's  solution,  the  error  from  this  cause  being  greater  the 
more  slowly  the  titration  is  effected  (Scheibler,  Deut.  chem.  Ges.  Ber.,  v.  928). 
In  order,  however,  to  check  the  results  of  analysis,  and  to  ascertain  whether 
dextrose  and  Isevulose  are  present  in  the  proportions  in  which  they  occur  in  in- 
vert sugar,  the  rotatory  power  of  a  mixture  of  the  composition  ascertained  by 
the  analysis  is  calculated  and  compared  with  the  observed  rotatory  power  before 
treatment  with  acid.  By  also  observing  the  rotatory  power  after  treatment  with 
^cid,  the  actual  amount  of  dextrose  and  Isevulose  pi-esent  may  even  be  determined  ; 
as  an  example  of  this, the  following  analysis  of  honey  may  be  cited: — 10  grams 
honey  were'  treated  with  cold  water,  the  solution  filtered  from  wax,  &c.,  then 
made  up  to  100  cc.  at  I5°*5  {60°  F.),  and  the  sp.  gr.  determined  in  order  to 
ascertain  the  amount  of  matter  dissolved ;  the  sp.  gr.  was  found  to  be 
1*03115  =  8*1  grams  solid  matter  in  the  ico  cc,  or  81  per  cent,  soluble  solid 
matter  in  the  honey.  The  apparent  specific  rotatory  power  of  the  solid  matter  thus 
dissolved  was  found  to  be  [a]j  —  —  I3°'4,  the  solution  requiring  for  compen- 
sation in  a  220  mm.  tube  —  10  divisions  of  the  Soleil-Duboscq  scale,  and  its 
cupric  oxide  reducing  power  to  be  =   91. 

Another  stronger  solution,  made  without  weighing  the  honey,  was  heated 
with  one  or  two  drops  dilute  sulphuric  acid  for  about  an  hour,  the  acid  neutra- 
lized with  baryta  water,  and,  after  removal  of  the  baric  sulphate,  was  diluted  to 
100  cc.  at  I5°'5  (60°  F.).  Its  sp.  gr.  was  found  to  be  i'04032=  io'472 
grams  solid  matter  in  100  cc. ;  its  apparent  specific  rotatory  power,  deduced 
from  the  observation  that  it  required  for  compensation  in  the  220  mm.  tube 
-16-5   scale  divisions,  being    —  I7°*3,  and  its    cupric  oxide  reducing  power 

99'5- 

From  the  cupric  oxide  reducing  power  it  is  evident  that  the  optical  activity 
of  the  solution  is  entirely  due  to  the  glucoses  present;  and,  supposing  that  these 
consist  of  a  mixture  of  dextrose  and  Icevulose,  we  may  calculate  the  compositioil' 
of  the  mixture  in  the  following  manner : 

Let  X  =   dextrose ;  then  9-95   —  x    =    Isevulose. 
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The  apparent  sp.  rot.  power  corresponding  to   i  gram  dextrose  in  100  cc.  is 
S°"]6,  and  to  one  gram  of  Isevulose  —  io°'46  j  therefore 

576  a:  +   (9-95   -  oc)    -10-46    =     -I7°'3. 
whence  x    =    5 "3 5   grams  dextrose  in  9*95  grams  solid  matter,  the  residue, 
4"6o  grams,  being  Isevulose. 

From  the  reducing  power  before  inversion,  we  see  that  10  grams  solid  matter 

contain  9"i  grams  of  glucoses ;  hence  the  amount  of  cane  sugar  is  represented  by 

9'95    ~9'^    ~    '85  grams  invert  sugar, 

but  TO  grams  cane  sugar  =    10*526  grama  invert  sugar, 

.-.     10-526   :    10    =    -85   :  -845. 

Now  -85  gram  invert  sugar  =    '425  gram  dextrose  and  '425  gram  Isevulose, 

•*•    5*35    ~    '4^5    =    4*925    =    original  dextrose 
4-60    —    '425    =    4*175    —         „       Isevulose 

and  -845    =         „       cane  sugar. 

The  percentage  composition  of  the  solid  matter  of  the  honey  soluble  in  water  is 
consequently 

49*25    dextrose 

41-75  Isevulose 
8*45  cane  sugar. 

If  the  sp.  rot.  power  of  a  mixture  of  this  composition  be  calculated,  it  will  be 
found  =   —  9°*o8  against  —  i3°-4  observed;  thus  : 

4*925    X  5^-76    =        28*36 

•845    X  7°-38    =  6*23 

34-59 
4-175    X     -io°*46    =    -  43*67 


-9*08 

There  is  thus  a  very  considerable  difference  between  the  observed  and  calcu- 
lated values,  which  is  probably  due  to  errors  of  manipulation.  The  analysis 
serves,  however,  to  indicate  the  method  of  ascertaining  the  composition  of  a 
mixture  of  carbohydrates. 

It  is  often  necessary  before  a  saccharine  solution  can  be  submitted  to  polari- 
scopic  examination  to  decolorize  it ;  this  may  sometimes  be  effected  by  filtration 
through  animal  charcoal,  but  in  this  case  the  first  portion  of  liquid  which  passes 
through  is  rejected,  as  the  fresh  charcoal  takes  up  from  the  solution  a  certain 
amount  of  sugar.  In  the  examination  of  molasses,  which  are  deeply  coloured,  it 
is  usual  to  decolorize  by  the  addition  of  basic  plumbic  acetate  ;  Gill,  however, 
has  shown  that  it  is  necessary  to  remove  the  excess  by  the  addition  of  a  strong 
solution  of  sulphurous  acid  before  taking  the  observation,  as  the  rotatory  power 
of  the  Icevulose  present  is  modified  to  a  considerable  extent  by  basic  plumbic 
acetate,  even  becoming  reversed  if  a  large  excess  of  the  latter  be  present :  the 
effect  is  only  temporary,  and  ceases  with  the  removal  of  the  lead.  The  plumbic 
acetate  also  interferes  with  the  copper  test  [Journ.  Chem.  Soc,  xxiv.  91). 

(1565)  Lacton  or  Milk  Sugar;  Lactin  or  Lactose: 
C^gHggOii. — This  carbohydrate  has  been  found  only  in  the  milk 
of  mammalia^  being  contained  in  greatest  abundance  in  that  of 

%,     3  BR 
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the  herbivora ;  but  it  is  also  secreted  by  the  carnivora,  although 
their  diet  is  exclusively  of  an  animal  nature.  Milk  sugar 
apparently  is  less  subject  to  vary  in  amount  than  any  other  con- 
stituent of  milk,  about  four  per  cent,  being  the  average  quantity 
in  the  milk  of  human  females  and  of  herbivorous  animals.  It 
may  be  prepared  by  treating  milk  with  dilute  sulphuric  acid  or 
calf  s  rennet  to  separate  the  albuminoid  matters  and  the  fat,  then 
removing  the  coagulum^  and  evaporating  the  whey  to  a  thin  syrup; 
the  crystals  which  form  sooner  or  later  are  purified  by  several 
recrystallizations  from  water  with  the  aid  of  animal  charcoal.  It 
is  prepared  on  a  considerable  scale  in  some  localities  from  the 
whey  obtained  in  the  manufacture  of  cheese. 

Milk  sugar  crystallizes  in  hard,  white,  semi-transparent  hemi- 
hedral  rhombic  prisms  of  the  composition  C^gUggO^j  +  OHg ;  the 
crystals  do  not  give  off  water  at  ioo°  (212°  F.),  but  are  rendered 
anhydrous  by  heating  to  130°  (266  P.).  The  anhydrous  sugar  is 
not  altered  on  further  heating  to  150° — 160°  (302° — 320°  F.),  but 
at  170° — 180''  {33^^ — 35^°  ^•)  it  becomes  brown,  and  is  converted 
with  loss  of  the  elements  of  water  into  so-called  lactocaramel  ;  at 
higher  temperatures  it  undergoes  still  more  profound  change. 
Crystallized  milk  sugar  dissolves  in  about  6  pts.  of  cold,  and  2J 
pts.  boiling  water ;  the  solution  thus  formed  is  less  sweet  to  the 
taste  than  one  containing  an  equal  weight  of  cane  sugar.  It  is  in- 
soluble in  anhydrous  alcohol  and  ether.  A  freshly  prepared  aqueous 
solution  has  a  higher  dextrorotatory  power,  in  the  ratio  of  8  :  5,  than 
the  same  solution  after  standing  for  some  time  or  heating ;  the 
constant  apparent  specific  rotatory  power  of  milk  sugar  in  solu- 
tion, calculated  for  the  anhydrous  substance,  according  to  Ber- 
thelot,  is  [a]j  =  59°"3.  The  influence  of  temperature,  concen- 
tration, &c.,  on  its  rotatory  power  has  not  been  studied. 

Milk  sugar  appears  to  furnish  a  number  of  metallic  derivatives 
analogous  to  those  which  may  be  formed  from  cane  sugar;  little, 
however,  is  known  of  them.  It  yields  a  precipitate  with  an  am- 
moniacal  solution  of  plumbic  acetate.  It  does  not  appear  to  be 
capable  of  combining  with  sodic  chloride.  It  is  less  readily  acted 
on  by  acetic  anhydride  than  cane  sugar,  but  when  boiled  with  it, 
slowly  dissolves,  and  on  pouring  the  product  into  water  an  almost 
colourless  pasty  mass  separates,  which  rapidly  becomes  hard  and 
brittle ;  this  consists  of  the  octacetate,  0^311^^(0211302)803.  On 
evaporating  the  solution,  an  apparently  crystalline  residue  of 
the  tetracetate,  0^311^3(0211302)4.0^  is  obtained  (Schiitzenberger). 

Its  behaviour  when  heated  with  alkalies  is  similar  to  that  of 
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cane  sugar.  Concentrated  sulphuric  and  hydrochloric  acids  de- 
compose it,  especially  when  heated,  with  formation  of  brown  or 
black  products,  but  much  less  readily  than  cane  sugar ;  it  is  con- 
verted by  a  mixture  of  concentrated  qitric  and  sulphuric  acids 
into  a  nitrate,  which  crystallizes  from  alcohol  in  nacreous  laminae, 
and  detonates  when  heated.  Its  inversion  on  heating  with 
dilute  sulphuric  acid  has  already  been  described  under  lactose;  it 
is  to  be  remarked,  however,  that  dilute  acids  and  the  other  agents 
which  effect  the  inversion  act  far  less  rapidly  than  on  cane  sugar. 
From  Dubrunfaut's  experiments  (Compt.  Rend.,  xlii.  229),  it  ap- 
pears that,  as  in  the  case  of  cane  sugar,  if  the  heating  with  dilute 
sulphuric  acid  be  continued,  the  glucoses  first  produced  undergo 
further  change,  a  non -fermentable  substance  being  formed,  but 
without  alteration  of  the  rotatory  power  taking  place./  Milk  sugar, 
like  cane  sugar,  is  not  directly  fermentable,  but  when  mixed  writh  -w  ^ 
yeast  slowly  undergoes  inversion,  yielding  a  mixture  of  fermentaj)le  ^^ 
glucoses ;  liquids,  such  as  milk,  which  contain  milk  sugar  to^ 
gether  with  nitrogenous  substances  and  certain  salts,  are  especially 
liable  to  undergo  the  lactic  fermentation  under  the  influence  of 
bacteria  derived  from  the  atmosphere. 

Although  with  most  reagents  it  exhibits  far  greater  stability 
than  cane  sugar,  milk  sugar  is  more  easily  oxidized  than  the  latter  : 
thus  it  precipitates  silver  from  silver  solutions,  especially  if  ren- 
dered ammoniacal,  the  metal  being  deposited  on  the  sides  of 
the  vessel  so  as  to  form  a  brilliant  mirror  if  the  mixture  be  care- 
fully heated.  In  presence  of  an  excess  of  alkali,  it  dissolves  cupric 
hydrate,  forming  a  deep  blue  coloured  solution,  which  deposits 
cuprous  oxide,  even  in  the  cold,  but  as  in  the  case  of  dex- 
trose, the  amount  of  cupric  hydrate  dissolved,  and  the  pre- 
cipitation of  the  cuprous  oxide  are  dependent  on  the  amount 
of  alkali  present.  Milk  sugar,  however,  has  a  lower  cupric 
oxide  reducing  power  than  dextrose  in  the  proportion  of  70  :  100 ; 
the  molecular  ratios  in  which  dextrose  and  milk  sugar  reduce  cupric 
oxide  are  therefore  represented  by  the  proportions  2CgHj20g :  loCuO, 
and  2CJ2H22OJJ  :  7CUO.  By  heating  its  aqueous  solution  with 
bromine  to  100°  (213°  F.),  and  afterwards  saturating  the  liquid 
with  argentic  hydrate,  removing  the  dissolved  silver  by  sul- 
phuretted hydrogen,  &c.,  milk  sugar  is  converted  into  lactonic 
acid,  a  crystalline,  optically  active  (Isevorotatory),  monobasic  acid 
of  the  composition  CgH^^Og  (Barth  and  Hlasiwetz,  Ann.  Chem. 
Pliarm.,  cxxii.  96).  On  oxidation  with  nitric  acid,  milk  sugar 
yields  mucic  and  saccharic  acids,  together  with  further  oxidation 
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products  of  these  latter — viz.,  racemic,  tartaric,  and  oxalic  acids. 
It  is  rapidly  oxidized  by  a  boiling  alkaline  solution  of  potassic 
permanganate,  and  almost  completely  converted  into  carbonic 
anhydride  and  water ;  the  same  action  takes  place  more  slowly  at 
ordinary  temperatures,  and  also  if  the  solution  be  strongly  acid. 
When  a  neutral  solution  of  permanganate  is  employed,  a  small 
quantity  of  a  syrupy  acid  is  formed,  together  with  oxalic  and 
carbonic  acids  (Laubenheimer,  ibid.^  clxiv.  283). 

On  heating  milk  sugar  with  twice  its  weight  of  aniline  in  an 
open  flask,  it  slowly  dissolves,  and  although  no  gas  is  evolved,  the 
liquid  froths  considerably ;  if  the  product  be  mixed  with  an  equal 
volume  of  alcohol  and  allowed  to  stand,  crystals  are  deposited, 
and  a  further  quantity  of  crystals  is  obtained  from  the  filtrate 
after  mixing  it  with  ether.  Sometimes  the  product  consists  of 
one,  sometimes  of  the  other,  or  of  a  mixture,  of  two  bodies  formed 
in  accordance  with  the  following  equations  : 

2C,,n,fi,,   +   C,H,N  =  C3„H,,N0,i  +   OH,. 
C,,H,,0„    +   C,H,N   =   C,,H,,NO,„   +   OH,. 

Both  are  very  soluble  in  water,  but  very  difficultly  soluble  in 
anhydrous  alcohol,  and  almost  insoluble  in  ether.  Dextrose  and 
mannitol  also  dissolve  readily  in  aniline  (Sachsse,  Deut.  chem. 
Ges.  Ber.y  iv.  834). 

(1566)  Amylon  or  Starch  Sugar  ;  Maltose  :  CjgHggO^^. — 
This  sugar  is  formed  together  with  dextrin  when  starch  paste  is 
submitted  to  the  action  of  diastase,  or  of  dilute  acids ;  its  pro- 
duction in  this  manner  was  first  demonstrated  by  O'Sullivan  in 
1872*  (Journ.  Chem.  Soc,  xxv.  579;  and  1876,  i.  478,  ii.  125), 
whose  observations  have  been  confirmed  by  Schulze  {Deut.  chem. 
Ges.  Ber.,  vii.  1047).  The  preparation  of  amylon  will  be  described 
under  starch. 

It  crystallizes  from  water  or  alcohol  in  hard  white  crusts, 
consisting  of  extremely  fine  needles  of  the  composition 
^12^22^11  +  ^^2 ;  the  water  of  crystallization  may  readily  be 
expelled  by  drying  at  100°  (212°  F.)  in  a  current  of  dry  air,  or 


*  Dubrunfaut  in   1847  (Ann.  Chim.  Phi/s.  [3],  xxi.   178)  isolated  a  body  r^ 
having  all  the  properties  of  amylon  from  the  product  of  the  action  of  malt  ^ 
extract  on  starch,  and  pointed  out  that  it  was  different  from  sucrodextrose ;  but  t 
his  observations  appear  to  have  been  long  disregarded.     On  rediscovering  this 
substance,  and  having  determined  its  composition, &c.,0'Sullivan  retained  the  name 
maltose,  assigned  to  it  by  Dubrunfaut,  but  the  name  amylon  appears  to  be  more 
Buitable,  both  as  indicating  its  connexion  with  starch,  and  that  it  is  a  member  of 
the  cane  sugar  and  not  of  the  glucose  group. 
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more  slowly  by  heating  to  iio°  (230°  F.)  in  an  air  bath.  It  is 
very  soluble  in  water,  but  difficultly  soluble  in  alcohol.  It  is 
distinguished  from  cane  and  milk  sugar  by  its  superior  optical 
activity,  possessing  the  apparent  specific  rotatory  power  calculated 
for  the  anhydrous  substance  [a]j=  + 150°.  Like  milk  sugar,  how- 
ever, it  is  capable  of  precipitating  cuprous  oxide  from  Fehling^s 
solution,  but  has  a  somewhat  lower  cupric  oxide  reducing  power- 
viz.,  65,  which  is  in  the  proportion  of  2Cj^JI^cfl^^  :  6*5CuO. 
When  digested  with  diastase  solution  or  with  dilute  sulphuric  acid, 
it  undergoes  inversion,  although  very  slowly  as  compared  with  cane 
sugar ;  the  invert  sugar  is  dextrorotatory,  and  has  the  same  cupric 
oxide  reducing  power  as  that  from  cane  sugar :  its  composition 
will  be  discussed  under  starch.  An  aqueous  solution  of  amylon 
slowly  ferments  in  contact  with  beer  yeast,  the  yield  of  alcohol 
being  51 — 52  per  cent,  on  the  amylon  taken;  if  a  mixture  of 
sucrodextrose  and  amylon  be  submitted  to  fermentation,  *the 
whole  of  the  former  disappears  before  the  latter  is  touched. 

(1567)  Mycon;  Ml/cose  or  Trehalose:  C^^'R^^p^^. — Wiggers  in  1833 
first  observed  this  carbohydrate  in  ergot  of  rye,  and  it  was  more  exactly  investi- 
gated by  Mitscherlich  in  1857  (Ann.  Chem.  Pharm.,  cvi.  15),  who  gave  it  the 
name  of  mycose  (from  jivkoq,  fungus).  Berthelot  in  the  same  year  obtained  a 
sugar  from  trehala-manna,  which  he  called  trehalose,  regarding  it  as  different 
from  mycose,  but  was  afterwards  led  to  infer  that  the  two  were  probably  identical. 
Trehala-manna,  which  is  used  as  an  article  of  food  in  the  East,  is  said  to  be  the 
produce  of  the  larvae  of  a  coleopterous  insect  (Larinus  nidi/leans'),  which  lives 
on  a  species  of  Echinops  ;  apparently  the  larvae  consume  the  sap,  but  afterwards 
exude  the  greater  part  of  the  solid  matter  derived  from  it,  forming  with  it  the 
case  in  which  they  live,  and  of  which  the  manna  consists.  Guibort  found  as 
much  as  66"5  per  cent,  of  starch,  and  28-8  per  cent,  of  sugar  and  bitter  matter 
in  the  manna.  Eecently  mycon  has  been  shown  to  exist  in  a  large  number  of 
fungi  (Miintz,  Ann.  Chem.  Phys.  [5],  viii.  56),  often  in  considerable  quantity, 
and  more  frequently  together  with  mannitol ;  it  is  of  interest  that  sometimes, 
as  in  the  case  of  Agaricus  sulfureus,  for  example,  the  younger  fungi  contain 
only  mycon,  whereas  older  specimens  of  the  same  species  contain  both 
mycon  and  mannitol.  The  more  common  fungi  from  which  it  may  be  extracted 
with  facility  are  Agaricus  JEringii,  sulfureus,  muscarius,  columhella,  and 
Laetarius  viridis  ;  it  is  less  readily  extracted  from  Agaricus  fusipes,  lateri- 
tins,  Cissareus,  and  Li/coperdon  jpusillum,  as  they  also  contain  mannitol ; 
Agaricus  cornucopia,  maculatus,  scypho'ides,  alhus,  campestris  and  Cantha- 
rellus  ciharius  contain  only  mannitol.  Occasionally  a  fermentable  sugar  capable 
of  reducing  Fehling's  solution  is  also  present,  being  especially  abundant  in 
Boletus  externus.  Miintz  was  not  able  to  detect  either  mycon  or  mannitol  in 
yeast  or  Mycoderma  aceti,  but  obtained  mannitol  from  Penicillium  glaucum, 
even  when  grown  on  a  solution  of  tartaric  acid,  and  mycon  from  Mucor  muceda 
and  (Ethalium  septicum. 

Mycon  may  be  prepared  from  fungi  which  do  not  contain  mannitol  by  precipi- 
tating the  expressed  juice  with  basic  plumbic  acetate,  removing  the  excess  of 
lead  by  sulphuretted  hydrogen,  and  then  evaporating  to  a  syrup  ;  the  crystals 
which  form  are  washed  with  cold  alcohol,  and  purified  by  several  crystallizatianss 
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from  boiling  strong  alcoliol.  Or  the  dried  pulverized  fungus  is  extracted  with 
toiling  alcohol,  the  alcoholic  solution  evaporated,  and  the  residue  dissolved  in 
hot  water ;  the  crystals  which  separate  on  cooling  may  be  purified  by  one  or  two 
crystallizations  from  alcohol.  In  this  manner  Miintz  obtained  10  grams  of 
crystallized  mycon  from  120  grams  of  dried  Agaricus  Eringii.  Mycon  crystal- 
lizes in  shining  rhombic  octahedra  of  the  composition  0^2^22^^!!  +  2H2O,  which 
may  be  completely  dehydrated  by  heating  to  110°  (230''  F.) ;  the  crystals  melt 
if  rapidly  heated  to  100°  (212°  F.)'  ^^^  if  rendered  anhydrous  by  gradual  heat- 
ing it  does  not  melt  even  at  180°  (356°  F,),  and  the  anhydrous  substance  may 
even  be  heated  to  200°  without  undergoing  decomposition,  although  at  higher 
temperatures  it  is  decomposed  and  converted  into  a  black  insoluble  matter.  It  also 
manifests  remarkable  stability  on  treatment  with  reagents.  Thus  it  may  be 
boiled  with  a  concentrated  solution  of  sodic  hydrate,  without  the  liquid  becoming 
coloured ;  it  dissolves  in  concentrated  sulphuric  acid,  forming  a  colourless  solu- 
tion, but  is  rapidly  carbonized  on  heating  the  liquid  to  JOO°  (212°  F.);  and  it 
is  without  appreciable  action  on  Fehling's  solution. 

Mycon  is  extremely  soluble  in  water,  andmoderately  soluble  in  boiling,  although 
almost  insoluble  in  cold  alcohol.  It  is  less  sweet  than  cane  sugar.  Mycon  has 
a  higher  optical  activity  than  any  other  sugar,  its  apparent  specific  rotatory 
power  calculated  for  the  anhydrous  substance  being  [a]j  =  +  220°  (Berthelot) ; 
according  to  Miintz,  the  mycon  prepared  from  trehala-manna  has  the  same 
rotatory  power  as  that  from  fungi — viz.,  [a]u  =  +  200° — the  observations  being 
made  with  solutions  containing  5 — 6  per  cent,  of  the  anhydrous  substance.  When 
it  is  heated  with  dilute  sulphuric  acid,  the  rotatory  power  of  the  solution  slowly 
diminishes  until  it  becomes  about  equal  to  that  of  sucrodextrose ;  the  nature  of 
the  invert  sugar  thus  produced  has  not  been  ascertained,  but  according  to 
Berthelot  it  is  crystallizable,  and  rapidly  ferments  in  contact  with  beer  yeast, 
being  completely  converted  into  alcohol  and  carbonic  acid,  whereas  mycon  is 
scarcely  altered  in  contact  with  yeast. 

(1568)  Meleziton;  Melezitose:  C^gHgjO^^.— This  name  was  assigned  by 
Berthelot  in  1856  to  a  sugar  which  he  isolated  from  the  saccharine  exudation 
from  the  larch  (Pinus  larix ;  in  French,  meleze) ;  quite  recently,  however,  it 
has  also  been  obtained  from  a  manna  from  Lahore,  the  produce  of  the  Alhagi 
Maurorum,  a  spiny  shrub  of  the  leguminous  family.  This  manna  is  used  in 
Persia  as  a  purgative,  and  even  as  a  food  material,  being  known  by  the  name  of 
Turanjbin  ;  in  addition  to  meleziton  it  contains  cane  sugar  and  a  syrupy  matter 
capable  of  reducing  Fehling's  solution  (Villiers,  Compt.  Bend.,  Ixxxiv.  35). 

Meleziton  crystallizes  in  very  small  brilliant  monoclinic  prisms  of  the  com- 
position CjjHggOjj  +  OHg,  which  effloresce  even  at  the  ordinary  temperature,  and 
may  be  completely  dehydrated  by  exposure  over  sulphuric  acid  in  vacuo ;  it  is 
about  as  sweet  as  sucrodextrose.  It  is  extremely  soluble  in  water,  only  slightly 
soluble  in  boiling  ordinary  alcohol,  and  almost  insoluble  in  cold  alcohol.  The 
anhydrous  sugar  melts  a  little  above  140°  (284°  F.),  and  decomposes  when 
heated  above  200°  (392°  F.).  It  is  not  decomposed  by  solutions  of  the  alkalies 
at  100°  (212°  F.},  and  does  not  reduce  Fehling's  solution,  but  is  carbonized  by 
cold  concentrated  sulphuric  acid;  like  mycon,  it  yields  oxalic  acid  free  from 
mucic  acid  when  oxidised  with  nitric  acid. 

Its  apparent  specific  rotatory  power  calculated  for  the  anhydrous  substance, 
according  to  Berthelot,  is  [a]j  =  94°-i  ;  according  to  Villiers,  [a]j  =  94°*8,  and 
[a]D=:  88°-85.  On  heating  the  solution  with  sulphuric  acid,  the  rotatory  power 
diminishes  until  it  becomes  equal  to  that  of  sucrodextrose  ;  this  change  takes 
place  much  more  slowly  than  with  cane  sugar,  but  more  rapidly  than  with  mycon. 
The  glucose  (or  glucoses)  produced  is  crystallizable,  capable  of  reducing  Fehling's 
solution^  is  decomposed  on  heating  with  an  alkali,  and  readily  ferments  in  contact 
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with  beer  yeast :  meleziton  being  only  slowly  altered  under  the  influence  of 
yeast. 

(1569)  EucALYPTON ;  Melitose :  C^jH^jO^j. — This  sugar  is  derived  from  the 
saccharme  exudation  collected  from  various  species  of  Eucalyptus  growing  in 
Tasmania ;  it  was  discovered  by  Johnston  in  1843,  ^'^^  more  fully  examined  by 
Berthelot  in  1856*  (Ann.  Chem.  Phys.  [3],  xlvi.  66). 

It  crystallizes  in  extremely  slender  interlaced  needles  of  the  composition 
^12-^22^11  "^  3OH2,  having  a  slightly  sweet  taste ;  it  can  only  be  rendered  anhy- 
drous by  heating  to  130°  (266°  F.),  at  which  temperature,  however,  it  already 
begins  to  decompose.  Its  solubility  in  water  is  about  equal  to  that  of  mannitol, 
and  like  the  latter  it  does  not  form  syrupy  solutions  ;  a  concentrated  aqueous 
solution  is  not  precipitated  by  ordinary  alcohol.  On  oxidation  with  dilute  nitric 
acid  it  yields  a  syrupy  substance,  which  on  further  treatment  is  converted  into 
an  acid  perhaps  identical  with  mucic  acid,  and  oxalic  acid. 

The  specific  rotatory  power,  calculated  for  the  anhydrous  substance,  is 
[a]j=  io2°"7  at  25°  (77°  F.) ;  on  heating  with  dilute  sulphuric  acid,  the  rota- 
tory power  is  in  a  few  minutes  reduced  to  6  6°' 5,  and  the  inversion  product  has 
the  same  cupric  oxide  reducing  power  as  an  equal  weight  of  eucalyptose,  and  is 
browned  by  alkalies,  whereas  eucalypton  does  not  reduce  Fehling's  solution  and 
is  scarcely  altered  by  alkalies.  As  already  stated  (1562),  eucalypton  also  under- 
goes inversion  when  placed  in  contact  with  beer  yeast,  but  only  half  the  product 
is  fermentable.  Berthelot  has  supposed  that  the  glucose  formed  together  with 
eucalyptose  on  inversion  of  eucalypton  is  ordinary  sucrodextrose,  but  the  rotatory 
power  of  the  fermentable  glucose  calculated  from  the  values  observed  for  the  inversion 
product  and  for  eucalyptose — viz.,  2  x  66°'5— 65°  =  68° — is  considerably  higher 
than  that  of  sucrodextrose;  Berthelot,  however,  expressly  states  that  the  value  given 
for  eucalyptose  was  deduced  from  a  very  imperfect  determination. 

(1570)  Saccharons  artificially  produced. — Gautier  has  prepared  a  body  of 
the  same  composition  as  cane  sugar  by  the  action  of  hydrochloric  acid  on  dextrose 
{Bull.  Soc.  Chim.  [2],  xxii.  145).  The  carefully  cooled  alcoholic  solution  of  the 
glucose  was  saturated  with  the  gas,  then  heated,  and  evaporated  over  sulphuric 
acid  in  vacuo  ;  the  resulting  syrup,  after  being  neutralized  with  baric  carbonate, 
was  extracted  with  94  per  cent,  alcohol,  the  solution  evaporated  in  the  cold,  and 
the  residue  again  similarly  treated,  and  finallj'  freed  from  a  bitter  substance  by 
washing  with  ether.  The  body  thus  obtained  was  a  colourless,  extremely  hygro- 
scopic mass,  easily  soluble  in  water,  resembling  gum  in  appearance  and  taste, 
and  which  could  only  be  rendered  anhydrous  by  heating  to  130°  (266°  F.)  in 
a  current  of  carbonic  anhydride.  It  did  not  reduce  Fehling's  solution, 
neither  was  it  fermentable;  by  heating  with  water  at  160°  (320°  F.)  it  was 
decomposed  in  accordance  with  the  equation  Q^fi^fi^^  +  OH^^  2Cfl-^fi^,  but 
the  product,  although  capable  of  reducing  Fehling's  solution,  was  appa- 
rently not  dextro-glucose,  as  it  had  a  very  sweet  taste  and  was  very  difficultly 
fermentable. 

In  a  similar  manner,  by  dissolving  anhydrous  dextrose  in  cold  concentrated 
sulphuric  acid,  then  adding  alcohol  and  allowing  the  mixture  to  stand,  Musculus 
{ibid.  [2],  xviii.  66)  obtained  awhite  substance  having  the  properties  of  dextrin,  but 
only  about  twice  as  great  a  rotatory  power  as  dextrose. 


*  Berthelot  has  termed  this  sugar  melitose,  and  the  glucose  derived  from  it 
eucalyn  (1562) — names  which  obviously  fail  to  indicate  the  connexion  which 
exists  between  the  two  bodies ;  the  names  eucalypton  and  eucalyptose  indicate 
not  only  the  origin  of  the  substances  which  they  designate,  but  also  the  relation, 
in  which  they  stand  to  each  other,  and  the  group  to  which  each  belongs. 
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III.  Carbohydrates  of  the  Composition  (CgH^yOg)^. 

(1571)  Starch  ;  Amidin,  Amidon,  Amylum,  Fecula  or  Amy- 
laceous Matter:  (CgHj^Ogj^. — The  great  physiological  importance 
of  starch  has  naturally  led  many  chemists  to  subject  it  to  inves- 
tigation, and  far  more  attention  has  been  devoted  to  it  than  to 
any  other  carbohydrate :  notwithstanding  this  our  knowledge  of 
its  behaviour  long  remained  most  imperfect  and  inexact^  owing 
to  the  faulty  nature  of  the  methods  employed^  and  it  is  only 
quite  recently  that  the  key  to  the  interpretation  of  its  nature  has 
been  discovered  by  O'Sullivan.  His  researches  on  the  action  of 
malt  extract  at  various  temperatures  not  only  throw  mnch  light 
on  the  nature  of  starch  itself^  and  enable  ns  to  explain  the  dis- 
crepant observations  of  previous  investigators,  but  have  in  addi- 
tion the  great  merit  of  indicating  how  such  a  complex  problem 
as  that  involved  in  the  determination  of  the  nature  of  starch  and 
similar  carbohydrates  may  be  successfully  attacked. 

Starch  occurs  in  one  or  other  of  their  organs  in  almost  all 
plants  with  the  exception  of  some  Algse  and  Lichens,  and  always 
appears  in  an  organized  form  as  solid  gi'ain  generally  having  a  con- 
centrically stratified  structure.  These  arise  at  first  as  minute 
masses  in  the  protoplasm,  and  continue  to  grow  while  lying  in 
it.  The  young  small  grains  appear  to  be  always  spherical, 
but  since  their  growth  is  scarcely  ever  uniform,  their  form 
changes  into  ovoid,  lenticular,  rounded-polyhedral,  &c.  They 
also  vary  greatly  in  magnitude  in  different  species  of  plants, 
those  from  the  Canna  gigantea,  for  example,  which  affords  almost 
the  largest  known,  being  on  an  average  about  '175  mm.  in 
diameter,  while  those  from  the  seeds  of  the  beetroot,  which  are 
almost  the  smallest  known,  measure  only  about  '004  mm. ;  but 
the  grains  from  the  same  species  of  plant  are  also  subject  to  con- 
siderable variation  in  size,  as  may  readily  be  seen  on  microsco- 
pical examination  of  a  section  of  potato,  for  example.  The  mag- 
nified starch  grains  of  the  Canna  are  represented  by  No.  i  of 
the  following  figures.  No.  1  representing  those  of  the  arrow- 
root, which  are  similar  in  form  and  size  to  those  of  the  potato ; 
the  grains  of  wheat  starch  are  much  smaller  (about  '05  mm.  in 
diameter),  and  more  lenticular,  while  those  of  rice  are  angular. 
The  hilum  of  the  grain  is  seen  at  a  in  the  figures. 
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The  grains  of  potato  starch,  if  illuminated  by  polarized  light, 
with  a  NicoFs  prism  interposed  between  the  object  and  the  eye, 
present  a  well-marked  black  cross,  the  centre  of  which  corre- 
sponds with  the  hilum.  When  wheat  starch  is  subjected  to 
microscopic  examination  in  a  similar  manner,  this  cross  is  not 
perceptible;  its  presence  may  therefore  be  of  service  as  a  means 
of  detecting  the  addition  of  potato  starch  to  wheat  flour. 

The  starch  grains  do  not  consist  of  the  pure  carbohydrate, 
but  contain  water  and  a  very  small  quantity  of  mineral  matter. 
The  water  moreover  is  differently  distributed  in  the  grain  :  most 
usually  increasing  in  amount  from  without  inwards,  and  attain- 
ing a  maximum  at  a  fixed  point  in  the  interior.  With  the  in- 
crease in  the  proportion  of  water,  the  cohesion  and  density  de- 
crease, as  also  the_j  index  of  refraction.  This  change  in  the 
proportion  of  water  is  not,  however,  constant,  but  intermittent. 
To  the  outermost,  least  watery,  layer  succeeds  a  sharply  defined 
watery  layer,  to  this  again  a  less  watery  one,  &c.,  until  the  inner- 
most, less  watery,  denser  layer  surrounds  finally  a  very  watery 
part,  the  nucleus  (Sachs).  Hence  it  is  that  the  grains  exhibit  a 
stratified  structure.  All  the  layers  of  a  grain  are  disposed  around 
this  common  centre,  but  every  layer  is  not  continuously  de- 
veloped around  the  whole  nucleus  ;  in  small  spherical  grains  with 
few  layers,  this  is  always  the  case,  but  when  their  number  in- 
creases with  growth,  the  number  of  layers  increases  most  in  the 
direction  of  most  vigorous  growth. 

If  starch  from  different  sources  be  boiled  for  some  time  with 
water,  a  paste  is  formed  which  on  the  addition  of  iodine  solution 
assumes  a  beautiful  indigo-blue  colour.  The  paste  formed  by 
merely  warming  potato  starch  with  water  sufficiently  to  cause  the 
grains  to  swell  but  not  to  burst,  is  also  at  once  coloured  in  this 
manner  by  iodine ;  but  if  wheat  starch  be  similarly  treated,  the 
paste  assumes  only  a  red  or  bluish-violet  colour  according  to  the 
amount  of  iodine  added,  and  it  is  only  after  heating  for  a  re- 
latively considerable  time  that  the  liquid  is  coloured  a  pure  blue 
by  iodine.     On  careful  examination  with  the  microscope  of  the 
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behaviour  of  ungelatinized  starcli  when  placed  in  presence  of 
water  in  contact  with  a  crystal  of  previously  washed  iodine,  it  is 
found  moreover  that  not  only  do  the  grains  from  different  sources 
assume  different  shades  of  colour,  but  that  different  parts  of  the 
same  grain  become  coloured  with  different  degrees  of  rapidity, 
and  even  assume  different  shades  of  colour.  Thus,  in  the  case 
of  potato  starch,  although  the  iodine  must  pass  through  the  outer 
denser  portion  of  the  grains  in  order  to  reach  the  inner  less  dense 
portions,  the  latter  become  coloured  first.  These  differences  in 
the  behaviour  of  starches  from  different  sources,  and  of  different 
parts  of  the  grains,  with  iodine,  are  doubtless  due  to  the  dif- 
ferences in  density  before  alluded  to,  and  not  to  the  existence  of 
several  distinct  substances  giving  different  colours  with  iodine. 
The  coloration  of  starch  by  iodine,  in  fact,  appears  to  depend 
not  on  the  formation  of  a  definite  chemical  compound,  but  to  be 
the  consequence  of  the  mechanical  interposition  of  the  iodine 
between  the  starch  molecules  :  according  to  the  state  of  aggrega- 
tion of  the  starch,  so  its  attraction  for  iodine  varies,  and  as  the 
result  of  this,  the  shade  of  colour  produced  also  varies,  but  if  by 
continued  boiling  with  water  the  state  of  aggregation  of  the 
various  starches  be  equalized,  they  all  afford  the  same  colour — 
viz.,  blue.  That  starch  possesses  the  greatest  affinity  for  iodine 
in  that  state  of  aggregation  in  which  it  is  coloured  blue  by  iodine, 
is  shown  by  the  fact  that  the  iodine  may  be  withdrawn  by  potato 
starch  from  all  substances  which  are  coloured  violet,  red,  or 
yellow. 

In  a  similar  manner  the  starches  from  different  plants,  and 
also  from  different  parts  of  the  grain,  are  acted  upon  and  rendered 
soluble  by  maceration  with  saliva,  malt  extract,  or  mineral 
acids,  with  very  different  degrees  of  readiness,  the  starch  which 
is  coloured  blue  by  iodine  apparently  being  always  rendered 
soluble  most  readily;  thus,  for  example,  if  wheat  and  potato  starch 
are  together  placed  in  the  same  acid,  the  grains  of  the  former 
still  exhibit  a  violet  colour  with  iodine  when  the  latter  are  merely 
coloured*  yellow.  By  more  or  less  prolonged  digestion  with  acids 
the  starch  grains  may  be  almost  entirely  dissolved,  the  portions 
which  remain  exhibiting  the  form  of  the  original  grains  of  which 
they  were  the  outer  coatings,  and  apparently  consist  of  cellulose 
or  a  closely  allied  substance. 

Starch  is  the  first  visible  product  of  the  assimilation  of  car- 
bonic acid  by  plants,  but  there  is  no  evidence  that  it  is  the  first 
product  of  assimilation  which  results  from  the  decomposition  of 
carbonic  acid  in  the  plant;  on  the   contrary,  there  can  be  little 
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doubt  that  its  formation  is  preceded  by  that  of  one  or  more  sub- 
stances, of  the  nature  of  which,  however,  we  are  at  present 
entirely  ignorant.  There  is  every  reason  to  believe  that  its 
formation  from  carbonic  acid  takes  place  under  the  combined 
influence  of  the  chlorophyll  and  of  light,  for  if  the  young  leaves 
of  a  plant  be  submitted  id  microscopical  examination,  the  chloro- 
phyll grains  are  found  to  be  charged  with  starch,  which  gradually 
disappears  on  placing  the  plant  in  darkness ;  if  it  be  then 
again  exposed  to  light,  the  chlorophyll  grains  again  become 
charged  with  starch,  which,  as  before,  disappears  on  keeping  the 
plant  in  darkness.  The  occurrence  of  starch  in  plants  destitute 
of  chlorophyll  is  only  an  apparent  exception  to  the  above  state- 
ment, as  these  are  always  parasitic  on  plants  which  contain  chlo- 
rophyll ;  its  occurrence  in  plants  in  those  parts  which  are  not  only 
destitute  of  chlorophyll,  but  even  hidden  from  the  light,  such  as 
the  tubers  of  the  potato,  for  example,  is  in  a  similar  manner  due 
to  the  .transference  of  the  starch  originally  formed  in  the  leaves 
to  the  parts  in-  question,  but  how  this  transference  takes  place — 
i.e. J  how  the  starch  is  rendered  soluble — and  in  what  form  it  is 
transported,  is  at  present  unknown  :  it  has  merely  been  ascer- 
tained that  the  sap  in  the  cellular  tissue  which  intervenes  between 
the  parts  where  the  starch  is  formed  and  those  in  which  it  is 
stored  up  for  use  at  a  future  period  of  growth  contains  a  sub- 
stance (?  a  glucose)  capable  of  reducing  Fehling's  solution. 

That  the  starch  is  formed  more  or  less  directly  from  the 
carbonic  acid  absorbed  from  the  atmosphere  has  been  proved  by 
Godlewski  (Flora,  1873,  p.  383),  who  found  that  no  starch  is 
produced  iu  the  chlorophyll  grains,  even  in  the  light,  in  an  atmo- 
sphere devoid  of  carbonic  .  anhydride,  and  that  the  starch  con- 
tained in  the  chlorophyll  disappears  when  the  carbonic  anhydride 
is  removed  from  the  surrounding  atmosphere,  not  only  in  the 
dark,  but  even  in  bright  light. 

Light  of  all  degrees  of  refrangibility  does  not  equally  favour 
the  formation  of  starch,  which  proceeds  vigorously  in  light  trans- 
mitted through  a  solution  of  potassic  bichromate,  but  only  to  a 
very  limited  extent  in  light  which  has  passed  through  an  ammo- 
niacal  solution  of  cupric  sulphate ;  in  fact,  the  yellow  and  not 
the  violet  or  so-called  chemical  rays  are  most  active  in  promoting 
the  formation  of  starch.  By  observing  the  amount  of  oxygen 
evolved  (which  probably  bears  a  direct  relation  to  the  amount 
of  starch  formed)  in  a  given  time  on  exposing  a  water  plant, 
Elodea  canadensis,  in  diflPerent  parts  of  an  intense  solar  spectrum 
23  cm.  long  to  a  portion  13  mm.  in  breadth,  Sachs  has  found  that 
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the  different  regions  of  the  spectrum  possess  the  following  mean 

capacities  for  decomposition  : 

Eed 25-4 

Orange 63*0 

Yellow loo-o 

Green 37*2 

Blue 22"i 

Indigo 13-5 

Violet 7'i 

The  curve  representing  these  results  coincides  nearly  with  the 
curve  of  brightness.  It  is  a  remarkable  fact  that  the  light  which 
is  most  active  in  promoting  the  evolution  of  oxygen  from  car- 
bonic acid  and  water  in  the  plant,  and  the  formation  of  starch,  is 
chiefly  that  which  passes  unabsorbed  through  chlorophyll."^ 

Lastly,  it  may  be  pointed  out  that  certain  mineral  salts, 
notably  potassium  salts,  are  essential  to  the  production  of  starch, 
for  not  only  are  potassium  salts  of  constant  occurrence  in  organs 
containing  starch  and  sugar,  but  direct  experiments  have  shown 
that  starch  is  not  formed  in  the  absence  of  these  salts.  At 
present  we  have  no  conception  of  what  their  function  may  be ;  it 
is  possible,  however,  that  they  exercise  an  influence  similar 
to  that  which  minute  quantities  of  many  acids  and  a  number  of 
salts  exercise  in  the  formation  of  condensation  products  and 
polymerides  of  the  aldehydes  (q.  v.). 

Starch  is  met  with  in  great  abundance  in  all  dicotyledonous 
seeds,  particularly  in  those  of  leguminous  plants,  such  as  peas 
and  beans.  The  monocotyledonous  seeds  of  the  Cerealia  or  corn 
tribe  contain  it  still  more  largely;  it  is  also  abundant  in  the 
tubers  of  the  potato,  in  the  roots  of  the  Mar  ant  a  arundinacea  and 
Jatropha  manihot,  in  the  pith  of  the  sago  palm,  and  in  many 
other  plants.  Its  manufacture  from  one  or  other  of  these  mate- 
rials may  now  be  briefly  described. 

Potato  Starch. — The  amount  of  starch  in  potato  tuhers  differs  in  different 
varieties,  and  is  also  subject  to  considerable  variation  in  the  same  variety,  accord- 
ing to  the  conditions  of  cultivation ;  on  an  average  they  contain  from  20  to  27 
per  cent,  of  starch,  and  from  70  to  76  per  cent,  of  water.  The  cellular  tissue  of 
the  tuber  does  not  exceed  2  per  cent,  of  the  mass  ;  in  fact,  there  is  compara- 
tively little  insoluble  solid  matter  besides  starch  in  potatoes,  and  hence  the 
methods  in  use  in  different  manufactories  for  extracting  the  starch  are  in  prin- 
ciple the  same,  and  differ  only  with  regard  to  the  machinery  employed.  The 
tubers  are  first  freed  as  far  as  possible  from  adhering  earth  by  a  thorough  wash- 
ing, and  are  then  rasped  by  machinery ;  the  pulp  thus  obtained  is  received  upon 

*  For  further  information  on  this  subject,  and,  in  fact,  for  a  full  account  of 
our  knowledge  of  the  manner  in  which  starch  is  formed  in  plants,  and  of  its 
physiological  importance,  &c.,  the  student  is  referred  to  Sachs's  "  Text-Book  of 
Botany."     London  :  Macmillan  &  Co. 
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a  sieve,  and  still  further  comminuted  by  means  of  brushes,  whilst  it  is  washed 
continuously  by  a  gentle  stream  of  water.  The  milky  liquid  which  passes  through 
the  sieve  is  received  into  vats,  and  after  the  matter  in  suspension  has  subsided, 
the  supernatant  liquid  is  drawn  off,  and  the  deposit  submitted  to  systematic  wash- 
ing with  the  object  of  separating  the  starch,  on  the  one  hand  from  the  heavier 
earthy  particles  from  which  it  is  impossible  completely  to  free  the  tubers  by 
washing,  and  on  the  other  from  the  lighter  particles  of  cellular  tissue.  It  is  first 
well  stirred  up  with  water,  and  after  a  short  time  the  milky  liquid  is  drawn  off 
from  the  deposit  of  sand,  &c.  ;  this  milky  liquid  is  then  allowed  to  stand  from 
four  to  six  hours,  during  which  time  the  heavier  and  larger  grains  of  starch  sub- 
side to  the  bottom  of  the  vessel,  while  the  lighter  particles  of  cellular  tissue 
mixed  with  the  finer  grains  of  starch  form  a  layer  above  them.  The  water  is 
now  run  off,  the  grey  upper  layer  of  the  deposit  carefully  removed,  and  the 
residue  again  once  or  twice  washed  with  fresh  water  in  a  similar  manner  ;  finally, 
it  is  suspended  in  water,  the  mixture  run  through  a  fine  sieve,  and  the  starch 
having  been  allowed  to  settle,  the  water  is  drawn  off  as  completely  as  possible.  It 
was  formerly  the  custom  to  remove  much  of  the  water  from  the  thick  paste  thus 
obtained  by  means  of  dry  cloths  or  by  placing  it  upon  porous  tiles ;  but  the  use 
of  centrifugal  machines  is  now  becoming  general  for  this  purpose.  The  final 
drying  is  effected  in  specially  constructed  chambers,  by  the  application  of  a  mode- 
rate heat.  In  this  way  only  from  66  to  at  most  75  per  cent,  of  the  starch 
present  in  the  tubers  is  extracted,  chiefly  on  account  of  the  impossibility  of 
effecting  by  mechanical  means  the  rupture  of  the  walls  of  all  the  cells  in  which 
it  is  inclosed. 

Wheat  Starch. — Wheat  contains  from  50  to  75  per  cent,  of  its  weight  of 
starch,  and  in  addition  a  considerable  quantity  of  insoluble  nitrogenous  matters 
collectively  termed  gluten,  amounting  to  from  10  to  35  per  cent,  of  its  weight, 
the  grain  being  usually  the  richer  in  gluten  the  less  starch  it  contains.  On 
this  account  starch  is  less  readily  extracted  from  wheat  than  it  is  from  potato 
tubers.  The  oldest  method,  and  that  which  is  still  most  commonly  employed, 
is  briefly  as  follows : — The  grain  is  first  softened  by  steeping  in  water  and  is  then 
crushed  between  rollers,  or  it  is  coarsely  ground  and  then  wetted  with  water,  after 
which  it  is  placed  with  water  in  a  large  vat,  where  it  is  allowed  to  remain  for 
several  days.  Fermentation  then  takes  place,  chiefly  at  the  expense  of  the  sugar 
in  the  grain  and  of  some  of  the  starch,  and  the  liquid  becomes  strongly  acid 
owing  to  the  formation  of  lactic  and  acetic  acids ;  not  only  is  this  the  case,  but  the 
gluten  becomes  in  part  dissolved  by  the  action  of  the  acids,  and  in  part  disaggre- 
gated, and  loses  its  tenacity  to  such  an  extent  that  the  starch  may  readily  be 
separated  from  it  by  mechanical  means,  and  purified  by  washing  in  the  manner 
already  described.  A  similar  method  is  employed  in  the  manufacture  of  starch 
from  maize. 

The  starch  may  also  be  extracted  by  kneading  the  grain  on  a  sieve  with  water, 
either  after  it  has  been  ground,  or  after  steeping  it  in  water  and  then  crushing 
it  between  rollers,  the  kneading  being  continued  as  long  as  the  washings  run 
through  milky  ;  the  milky  liquid  is  then  allowed  to  ferment  and  become  acid,  so 
as  to  dissolve  the  gluten  still  adhering  to  the  starch,  the  subsequent  purification 
being  effected  in  the  usual  manner  by  washing.  The  great  advantage  of  this 
method  is  that  it  does  not,  like  the  previous  one,  involve  the  loss  of  the  gluten. 

Eice  Starch. — In  the  foregoing  method  of  preparing  starch  from  wheat  by 
fermentation,  much  of  it  is  wasted,  the  whole  of  the  gluten  is  lost,  and  the  opera- 
tion is  attended  with  the  continual  evolution  of  gases  of  an  offensive  odour,  which 
are  a  source  of  annoyance  to  the  neighbourhood  in  which  the  manufacture  is 
carried  on.  These  inconveniences  were  overcome  by  Mr,  0.  Jones,  who,  in  the 
year  1 840,  took  out  a  patent  for  the  manufacture  of  starch  by  a  method  which 


622  CARBOHYDRATES.  [^57^- 

he  applied  particularly  to  rice,  although  it  may  be  used  with  other  cereal  grains. 
IJndried  rice  contains  about  S;^  per  cent,  of  starch,  and  about  J'o  per  cent,  of 
gluten.  The  process  of  Mr.  Jones  consists  in  separating  these  two  materials  by 
means  of  a  very  weak  solution  of  alkali,  which  dissolves  the  gluten,  but  leaves 
the  starch  granules  unaltered : — lOO  lb.  of  rice  in  the  form  of  grain  are  macerated 
in  five  times  its  weight,  or  50  gallons  of  a  solution  containing  -g-i-Q  of  its  weight 
of  caustic  soda ;  after  the  lapse  of  24  hours  the  alkaline  liquid  is  drawn  off,  and 
replaced  by  water,  and  this  having  been  drawn  off,  the  rice  is  allowed  to  drain. 
It  is  next  ground  into  a  paste  and  passed  through  a  fine  sieve,  and  is  then 
digested  in  fresh  ley  for  24  hours  longer  with  frequent  agitation.  The  whole  is 
then  allowed  to  stand  for  about  70  hours,  when  the  supernatant  liquid  is  drawn 
off,  the  deposit  stirred  up  with  water,  the  mixture  allowed  to  rest  for  an  hour, 
during  which  time  the  vegetable  fibre  subsides,  and  the  milky  liquid  is  then  run 
off  into  a  separate  vessel,  where  the  starch  is  deposited ;  finally  the  starch  is 
washed,  mixed  with  a  little  smalt  to  give  it  the  blue  tinge  preferred  in  the 
market,  drained,  and  dried  in  the  usual  manner.  The  liquid  which  floats  above 
the  starch  is  turbid,  has  a  yellow  colour,  and  contains  the  gluten  of  the  grain  in 
solution.  From  this  liquid  the  gluten  may  be  recovered  by  carefully  neutralizing 
the  solution  with  sulphuric  acid. 

Other  Sources  of  Starch. — If,  during  the  preparation  of  starch,  the  tempera- 
ture employed  in  its  desiccation  be  raised  to  60°  (140°  F.),  a  transparent 
jelly  is  produced,  which,  when  dry,  is  no  longer  farinaceous,  but  assumes  the 
form  of  semi-transparent  granules.  Sago  is  the  starch  procured  from  the  pith  of 
the  sago  palm  by  making  it  into  a  paste  with  water,  and  pressing  the  mixture 
through  a  perforated  metallic  plate ;  the  little  cylinders  thus  obtained  are  granu- 
lated by  placing  them  in  a  revolving  vessel,  and  the  granules  are  then  exposed 
upon  a  sieve  to  a  jet  of  steam,  and  subsequently  dried.  Tapioca  is  the  starch  of 
the  Jatropha  manihot,  which  is  pressed  through  a  colander,  and  dried  upon  a 
metallic  plate  heated  to  100°  (212°  F.).  It  is  thus  formed  into  granular,  semi- 
transparent  irregular  masses.  Arrowroot  is  the  starch  of  the  Maranta  arun- 
dinacea,  and  of  one  or  two  other  tropical  plants. 

The  starches  prepared  from  different  materials  possess  some- 
what different  properties^  and  one  kind  is  often  preferred  to 
another  for  a  given  purpose :  for  example,  it  is  said  that  rice 
starch  is  preferable  to  wheat  starch  for  finishing  cloth,  loo  its. 
of  the  former  being  equal  to  115  lbs.  of  the  latter;  and  that 
maize  starch  has  a  greater  stiffening  power  than  either  wheat  or 
potato  starch,  wheat  starch  being  superior  to  potato  starch. 

Pure  starch  is  a  white,  glistening,  perfectly  odourless,  tasteless 
powder.  In  the  form  in  which  it  is  usually  sold,  it  contains 
about  18  per  cent,  of  water,  corresponding  to  the  formula 
CgHjQOg  +  aOHj^,  but  after  drying  over  sulphuric  acid  in  vacuo,  it 
has  the  composition  CgH^j^Og  +  OH^.  It  may  be  rendered  anhy- 
drous by  heating  to  ioo°  — 110°  (212° — 230°  F.)  in  a  current  of 
dry  air;  the  anhydrous  substance  is  extremely  hygroscopic. 
According  to  Fliickiger,  the  sp.  gr.  of  potato  starch  dried  at 
100°  (212°  F.)  is  1-633  at  17°— 18°  (62°-6-64°-4  F.),  but  that 
of  arrowroot  starch  only  1*568. 

Anhydrous  starch  may  be  heated  to  160°  (320°  F.)  without 
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undergoing  change^  but  if  heated  for  an  hour  or  two  at  about 
2oo°  (392°  F.)  it  becomes  completely  soluble  in  cold  water. 
Commercial  starchy  on  the  contrary^  is  rendered  completely  solu- 
ble by  heating  to  only  i6o°  (320°  F.)  in  closed  vessels.  The  precise 
nature  of  the  change  which  takes  place  is  not  known,  but  the 
product  contains  dextrin  and  sugar  (?  amylon),  besides  certain 
optically  inactive  substances  which  are  without  action  on  Fehling's 
solution.  This  soluble  torrefied  starch  is  known  under  the  name 
of  British  gum,  and  is  largely  employed  by  calico  printers  for 
mixing  with  their  colours  in  order  to  give  them  the  requisite  con- 
sistence. When  starch  is  submitted  to  dry  distillation,  it  yields 
carbonic  anhydride  and  gaseous  hydrocarbons,  together  with  acetic 
acid  and  other  products. 

Starch  is  insoluble  in  cold  water,  alcohol,  and  ether,  and  does 
not  undergo  the  least  alteration  when  preserved  in  contact  with 
water  at  ordinary  temperatures ;  but  if  heated  with  water  to  a 
temperature  which  is  said  to  vary  from  45° — 90  (113° — 194°  F.) 
for  different  varieties  (comp.  Lippmann,  Jo^<r^^.jor.  Chem.,  cxxx.  51), 
the  grains  absorb  water  and  swell  up,  and  finally  the  mixture 
assumes  a  viscous,  pasty  condition. 

If  this  starch  paste  or  gelatinized  starch  be  largely  diluted  with  hot  water, 
an  apparent  solution  of  starch  is  obtained,  from  which  nothing  separates  on 
cooling ;  it  is  generally  considered,  however,  that  the  starch  is  not  actually  dis- 
solved, but  merely  suspended  in  the  liquid.  The  starch  may  be  precipitated 
from  the  liquid  by  the  addition  of  alcohol,  but,  according  to  Payen  and  Persoz, 
the  form  in  which  it  separates  depends  en  the  length  of  time  during  which  the 
starch  is  heated  with  water,  the  flocculi  being  smaller  and  less  coherent,  the 
longer  the  heating  is  continued.  Naegeli  has  observed  that  this  is  also  the  case 
when  the  starch  is  separated  by  freezing  the  liquid,  and  then  allowing  it  to 
thaw  ;  thus,  if  starch  be  merely  triturated  with  hot  water,  and  the  filtered  liquid 
be  then  frozen,  the  starch  separates  in  long,  coherent  threads,  but  if  the  liquid 
be  boiled  for  a  shorter  or  longer  period  before  freezing,  it  is  obtained  in  the  form 
of  short  threads,  irregularly-shaped  flat  masses  or  balls,  being  the  more  finely 
divided,  the  longer  the  heating  is  continued.  Starch  thus  separated  from  water 
is  coloured  blue  by  iodine,  and  is  without  action  on  polarized  light ;  it  is  said 
that  after  drying,  it  may  be  reduced  to  an  extremely  fine  white  powder,  which 
(.Ices  not  form  a  gelatinous  mass  like  the  original  starch  on  treatment  with  hot 
water.  According  to  Bechamp,  if  starch  be  heated  under  pressure  at  about 
150°  (302°  F.)  with  5  to  15  times  its  weight  of  water,  a  limpid  solution  is  ob- 
tained which  may  be  readily  filtered,  and  which  as  it  cools  deposits  minute  sphe- 
rical granules  no  larger  than  the  smallest  starch  grains  which  occur  naturally. 
These  granules  are  tinged  blue  by  iodine  :  they  are  sparingly  soluble  in  cold  water, 
but  dissolve  readily  when  the  temperature  is  raised  to  70°  (158°  F.)  or  upwards, 
and  hence  this  product  is  termed  soluble  starch.  The  aqueous  solution  is 
dextrorotatory,  its  apparent  sp.  rot.  power  being  [a]j  =  2ii°;  it  yields  a  pre- 
cipitate on  the  addition  of  alcohol. 

Although  there  can  thus  be  little  doubt  that  starch  undergoes  alteration  when 
heated  with  water,  the  nature  of  the  alteration,  and  the  relation  which  the 
so-called  soluble  starch  bears  to  ordinary  starch   has   yet  to  be  ascertained. 
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Soluble  starch  is  also  the  first  product  of  the  action  of  acids  and  malt  extract  on 
starch.  Apparently  it  has  the  same  empirical  composition  as  ordinary  starch, 
but  there  is  not  sufficient  evidence  to  show  whether  it  is  a  distinct  compound,  as 
appears  probable^  or  merely  a  substance  differing  mechanically  from  the  latter. 
Whatever  its  nature  may  be  however,  it  appears  not  improbable  that  starch  as  it 
occurs  naturally  is  an  insoluble  substance,  and  that  the  reactions  manifested  by 
a  "  solution"  of  starch  are  mainly  those  of  soluble  starch. 

The  tendency  of  starcli  to  furnish  metallic  derivatives  is  far 
less  pronounced  than  that  of  any  of  the  carbohydrates  previously 
considered.  Ammonia  does  not  cause  starch  to  gelatinize,  but  if  it 
be  placed  in  contact  with  a  i  J  or  2  per  cent,  solution  of  potassic 
or  sodic  hydrate,  the  granules  swell  up  enormously,  and  form  a 
tenacious  paste;  the  tendency  to  absorb  alkaline  liquids  appears 
to  be  greatly  increased  by  drying,  for  if  starch  dried  in  vacuo  be 
placed  even  in  a  i  per  cent,  solution  of  the  alkali,  the  granules 
become  so  distended  that  they  burst.  By  precipitating  the  paste 
formed  by  the  action  of  alkalies  with  alcohol  and  ether,  then 
washing  with  these  liquids  and  drying  in  vacuo,  a  product  is 
obtained  which,  according  to  Tollens,  contains  for  each  atomic 
proportion  of  potassium  or  sodium  from  24  to  30  atomic  propor- 
tions of  carbon. 

A  solution  of  starch  yields  precipitates  on  the  addition  of 
lime  and  baryta  water,  which  are  soluble  in  a  large  quantity  of 
water ;  it  also  affords  a  white  precipitate  on  the  addition  of  an 
ammoniacal  solution  of  plumbic  acetate,  which  appraximately  has 
the  composition  C^gHjgPbgOj^.  Tannin  also  affords  a  white 
precipitate  with  starch,  which  dissolves  on  warming  the  liquid, 
but  reappears  as  it  cools. 

A  solution  of  starch  in  alkali  yields  a  blue  precipitate  on  the 
addition  of  cupric  sulphate,  which  is  soluble  in  pure  water  and 
may  be  heated  without  becoming  black. 

According  to  Schiitzenberger,  different  varieties  of  starch  are 
acted  upon  with  different  degrees  of  readiness  by  acetic  anhy- 
dride, and  the  presence  of  more  or  les^  water  in  the  starch  also 
has  an  influence  on  the  temperature  at  which  the  action  takes 
place.  If  a  mixture  of  anhydrous  starch  with  10-15  per  cent,  of 
the  hydrate  be  heated  at  140°  (284°  F.)  with  acetic  anhydride,  the 
starch  swells  up  without  dissolving,  or  is  only  partially  dissolved. 
The  product,  after  washing  with  water,  is  a  white  amorphous  body, 
and  is  not  coloured  blue  by  iodine  ;  on  saponification  by  alkali  it 
yields  a  substance  which,  like  the  original  starch,  is  insoluble  and 
coloured  blue  by  iodine.  When  dried  at  120°  (248°  ¥.),  it  has 
the  composition  of  a  triacetate,  CgH^(C2H302)302.  A  body  of  the 
same  composition  is  obtained  by  heating  anhydrous   starch  with 
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acetic  anhydride  to  about  150°  (302°  F.) ;  under  these  circum- 
stances the  starch  is  dissolved,  forming  an  amber-coloured  liquid, 
from  which  water  precipitates  the  new  compound  as  a  white 
amorphous  substance,  which  is  readily  saponified  by  dilute  alka- 
lies at  100°  (212°  F.),  yielding  soluble  starch.  At  still  higher 
temperatures  a  triacetate  is  formed  which  yields  dextrin  on 
saponification;  in  fact,  however  great  the  excess  of  anhydride 
employed,  and  however  high  the  temperature  to  which  the  mix- 
ture is  heated,  the  triacetate  is  the  highest  derivative  which  can 
be  formed. 

Starch  dissolves  readily  in  cold  concentrated  nitric  acid,  and 
on  adding  water  to  the  solution,  a  white  precipitate  of  so-called 
xyldidin  is  obtained,  which  apparently  is  a  mono-nitrate  of  the 
formula  CgH9(N03)0^ ;  if  a  mixture  of  concentrated  nitric  and 
sulphuric  acids  be  employed,  an  explosive  dinitrate,  CgHg(N03)203, 
is  produced.  It  is  questionable  whether  the  bodies  thus  obtained 
are  directly  derived  from  starch ;  Bechamp  states  that  they  differ 
considerably  in  properties  according  to  the  manner  in  which  they 
are  prepared,  and  as  starch  is  known  to  undergo  modification 
with  great  readiness  under  the  influence  of  acids,  this  is  by  no 
means  surprising.  By  reducing  the  mono-nitrate  with  ferrous 
chloride  he  obtained  soluble  starch. 

When  starch  is  triturated  with  cold  concentrated  sulphuric 
acid,  a  more  or  less  coloured  liquid  mass  is  obtained,  which  readily 
dissolves  in  water. 

Little  is  known  of  the  oxidation  products  of  starch.  When 
it  is  heated  with  nitric  acid,  an  abundance  of  oxalic  acid  is  pro- 
duced, and  this  acid  is  also  formed  on  fusing  it  with  potassic 
hydrate  and  a  little  water ;  it  is  said  that  in  the  latter  case  acetic 
and  propionic  acids  are  simultaneously  produced.  By  heating  it 
with  water  and  bromine  at  100°  (212°  F.),  and  subsequently  neu- 
tralizing the  solution  with  argentic  hydrate,  &c.,  it  is  converted 
into  dextronic  acid,  CgH^gO^  (Habermann,  Ann,  Chem.  Fharm., 
clxxii.  11). 

It  now  remains  to  consider  the  behaviour  of  starch  in  pre- 
sence of  dilute  acids,  and  of  the  "  unorganized  ferments^^  of  malt 
extract,  saliva,  &c.,  all  of  which  apparently  exert  a  similar  in- 
fluence, difiering  only  in  the  readiness  with  which  they. induce,  its 
decomposition. 

When  starch  paste  heated  to  a  temperature  of  about  60° — 70"  (140° — i 'j8°F.) 
is  mixed  with  a  cold  extract  of  malt,  the  starch  rapidlj^  hecomes  dissolved  and  a 
limpid  liquid  Is  obtained ;  if  a  small  portion  of  the  liquid  be  taken  at  intervals, 
cooled,  filtered,  and  tested  with  iodine,  it  will  be  found  that  at  first  it  is  coloured 
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blue,  but  after  a  time  reidisb-brown,  and  finally  tb"at  it  ceases  to  yield  a  colour. 
The  changes  indicated  by  these  differences  in  the  behaviour  of  the  solution  with 
iodine  take  place  somewhat  rapidly  if  sufficient  malt  extract  be  employed ; 
they  are  equally  observed  if  the  starch  paste  be  warmed  with  a  small  quantity  of 
sulphuric  acid,  and  even  oxalic  acid  may  be  employed  to  produce  them,  although 
it  acts  much  more  slowly.  We  are  not,  however,  at  present  aware  of  the  nature 
of  all  the  changes  which  are  thus  indicated,  the  final  stage  alone  having  been 
thoroughly  investigated,  but  we  attribute  the  solution  of  the  starch  under  the 
influence  of  the  malt  extract,  or  of  the  acid,  to  the  formation  of  soluble  starch — 
a  body  of  which,  as  already  stated,  the  relation  to  starch  is  not  yet  ascertained  ; 
at  the  time  when  the  solution  is  coloured  reddish-brown  by  iodine,  it  contains  a 
substance  which  has  received  the  name  of  a-dextrin,  but  of  this  we  know  scarcely 
more  than  of  soluble  starch.  When  the  solution  is  no  longer  coloured  by  iodine, 
it  contains  a  body  capable  of  reducing  Fehling's  solution,  together  with  a  sub- 
stance not  having  that  power,  the  latter  of  which  is  known  as  ^-dextrin  or  dextrin, 
but  which  in  the  following  description  will  be  termed  amyliv,  these  two  substances 
being  present  in  proportions  which  vary,  as  will  be  shown  later  on,  according  to 
the  temperature  at  which  the  action  of  the  malt  extract  has  taken  place.  The 
substance  capable  of  reducing  Fehling's  solution  has  been  almost  universally 
regarded  as  dextrose,  notwithstanding  that  Dubrunfaut  pointed  out  that  its  pro- 
perties were  altogether  different  from  those  of  sucrodextrose,  but  as  else- 
where stated,  O'Sullivan  has  recently  shown  that  it  is  a  body  isomeric  with 
cane-sugar.  The  manner  in  which  he  has  proved  this,  and  in  which  amylon — 
the  sugar  in  question  (foot-note,  p.  6 1 2) — and  amylin  are  isolated  from  the  product 
of  the  action  of  malt  extract  on  starch  paste  may  now  be  briefly  described. 

Amylon  {Maltose). — The  method  employed  by  O'Sullivan  for  separating 
amylon  from  the  product  of  the  action  of  malt  extract  on  starch  was  as  follows  : — 
100  grams  of  air-dried  starch  were  mixed  with  300  cc.  water  at  40°  (104°  F.), 
the  mixture  well  stirred,  and  then  poured  with  continual  stirriug  into  two  litres 
of  boiling  water.  The  paste  was  cooled  to  40°  (104°  F.),  the  cold  extract  from 
thirty  grams  of  pale  malt  added  to  it,  and  the  mixture  kept  between  40°  and  41^° 
(104*  and  113°  F.)  for  three  hours.  It  was  then  boiled  for  some  time,  cooled, 
filtered,  and  the  filtrate  evaporated  at  80°  (176°  F.)  to  300  cc.  The  apparent 
specific  rotatory  power  of  the  total  solid  matter  in  solution  calculated  from  the 
sp.  gr.  was  the  same  after  evaporation  as  before  boiling  :  hence  these  operations 
had  produced  no  change  in  the  substances  present.  The  300  cc.  of  syrup  was 
boiled  for  a  short  time  with  two  litres  of  alcohol  of  sp.  gr.  "820  ;  after  cooling,  the 
clear  solution  was  decanted  from  the  undissolved  syrup,  and  put  aside  in  a  corked 
flask.  At  the  end  of  six  days  the  sides  of  the  flask  were  covered  with  a  crystal- 
line crust  of  amylon.  The  substance  thus  obtained,  after  drying  at  100°  (212°  F.), 
had  an  apparent  specific  rotatory  power  [a]j  =  150°,  ar.d  100  pts.  reduced  only 
as  much  Fehling's  solution  as  65  parts  of  sucrodextrose. 

Schulze  and  Uhrich  \Deut.  chem.  Ges.  Ber.,  vii.  1047),  instead  of  employ- 
ing malt  extract,  used  the  diastase  obtained  by  precipitating  an  aqueous  extract 
of  malt  by  alcohol,  allowing  it  to  act  on  starch  paste  at  a  temperature  of  about 
60°  (140°  F.).  The  resulting  solution  was  evaporated  to  a  small  bulk,  and  the 
residue  mixed  with  alcohol ;  the  clear  liquid  was  then  poured  off  from  the  solid 
matter  thus  separated,  and  evaporated  to  a  syrup,  which  was  boiled  with  strong 
alcohol.  On  cooling,  the  clear  solution  was  decanted  from  the  undissolved 
matter,  and  concentrated  by  evaporation  over  sulphuric  acid;  as  a  rule,  the 
amylon  was  found  to  separate  from  this  sohition  in  the  form  of  a  syrup,  which 
crystallized  after  some  time.  It  was  purified  by  recrystallization  from  water. 
The  values  obtained  by  Schulze  and  Uhrich  for  the  apparent  sp.  rot.  power  and 
cupric  oxide  reducing  power  of  the  anhydrous  substance — viz.,  for  the  former 
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[a]j=i49°*5,    ^^^    ^^^    ^^^    latter  66 — 67,  agree  very  closely  with    those  of 
O'Sullivan. 

O'Sullivan  appears  to  have  placed  it  beyond  doubt  that  the  substance  thus  pre- 
pared is  a  definite  compound,  and  not  a  mixture  of  a  body  having  the  same  cupric 
oxide  reducing  power  as  sucrodextrose  with  a  non-reducing  substance ;  for  he  has 
found  that  not  only  can  it  be  prepared  time  after  time  with  the  same  properties, 
but  also  that  the  crystals  which  separate  at  intervals  from  an  alcoholic  solution 
allowed  to  evaporate  spontaneously  have  always  the  same  apparent  specific  rota- 
tory power  and  cupric  oxide  reducing  power,  and  that  they  may  be  recrystallized 
from  water  without  change ;  he  has  also  shown  that  if  the  product  of  the  action 
of  malt  extract  on  starch  be  submitted  to  dial3''sis,  whatever  its  apparent  sp.  rot. 
power,  that  of  the  solid  matter  in  the  diffusate  is  always  [a]j  =  150°,  or  there- 
abouts (corap.  Journ.  Ghem.  Soc,  1876,  i.  479). 

Amylin  {^-dextrin  or  dextrin). — The  separation  of  this  body  in  the  pure 
state  is  much  less  readily  effected  than  that  of  amylon,  owing  to  the  great  difii- 
culty  of  removing  the  latter  from  it ;  in  fact,  it  has  not  yet  been  obtained 
perfectly  free  from  the  latter.  It  may  be  prepared  by  the  action  either  of  malt 
extract  or  of  acids,  preferably  sulphuric  acid,  on  gelatinized  starch.  If  the 
former  be  employed,  the  paste,  prepared  as  described  above,  from  100  grams 
potato  starch— which  is  more  readily  acted  upon  than"  most  varieties — cooled  to 
about  70*^  (158°  F.),  is  mixed  with  the  cold  extract  from  twenty  grams  of  pale 
malt.  Decomposition  of  the  starch  rapidly  takes  place,  and  after  a  short  time 
it  is  found  that  a  portion  of  the  solution  filtered  cold  is  no  longer  coloured  by 
iodine.  When  this  is  the  case,  the  liquid  is  boiled  for  a  short  time  to  render  the 
diastase  inactive,  then  allowed  to  cool,  and  filtered  from  some  insoluble  matter 
which  almost  invariably  retains  the  property  of  being  coloured  blue  by  iodine. 
The  filtrate  is  evaporated  on  the  water  bath  to  300  cc,  and  the  residue  mixed 
with  alcohol  of  sp.  gr.  about  '830  j  this  causes  the  separation  of  the  amylin 
(dextrin)  as  an  almost  white  waxy  mass.  In  order  to  purify  it,  it  is  dissolved 
in  the  least  possible  quantity  of  water,  and  reprecipitated  with  alcohol  ;  these 
operations  being  several  times  repeated.  In  order  to  prepare  amylin  by  the 
action  of  sulphuric  acid,  the  paste  from  100  grams  starch  is  heated  with  10  cc. 
ordinary  sulphuric  acid  until  the  solution,  filtered  cold,  is  no  longer  coloured  by 
iodine;  the  acid  is  then  removed  by  the  careful  addition  of  baric  hydrate  solu- 
tion, the  filtrate  concentrated  to  300  cc,  and  the  syrup  precipitated  with 
alcohol. 

The  product  thus  obtained,  even  after  it  has  been  as  often  as  30  times 
alternately  dissolved  in  water  and  precipitated  with  alcohol,  still  retains  the 
power  of  reducing  Fehling's  solution,  100  pts.  of  the  dry  substance  having  the 
same  cupric  oxide  reducing  power  as  8" 5  to  9  pts.  of  dextrose. 

The  fact  that  the  substances  obtained,  a,  by  the  action  of  malt  extract ;  h,  by 
the  action  of  sulphuric  acid ;  and  c,  by  the  action  of  oxalic  acid,  exhibit  the  same 
cupric  oxide  reducing  power,  and  have  the  same  apparent  sp.  rot.  power,  viz., 
[a]j  =  204° — 205°  (O'Sullivan),  would  seem  to  indicate  that  the  composition  of 
the  substance  prepared  by  the  three  methods  *s  the  same,  but  also  to  suggest 
that  the  amylin  has  the  property  of  reducing  Fehling's  solution.  That  pure 
amylin  has  not  this  property,  however,  there  can  be  little  doubt,  as  the  cupric 
oxide  reducing  power  may  be  greatly  diminished  if  the  precipitate  produced  by 
alcohol  in  the  syrup  obtained  as  described  above  from  the  product  of  the  action 
either  of  malt  extract  or  of  acids  on  starch  paste  be  submitted  to  fermentation. 
For  this  purpose  it  is  dissolved  in  water,  the  solution  boiled  to  drive  off  the 
alcohol,  cooled  to  20°  (68°  F,),  and  an  amount  of  yeast  added  to  it  equal  to 
about  2  per  cent  of  the  matter  in  solution.  When  fermentation  is  complete  and 
the  liquid  has  become  clear,  it  is  filtered  and  precipitated  with  alcohol  j  the 
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precipitate  is  then  dissolved  in  a  small  quantity  of  water,  the  solution  filtered  if 
necessary,  and  reprecipitated,  this  process  being  repeated  three  or  four  times. 
The  supernatant  liquid  of  the  last  precipitation  having  been  decanted,  the  pre- 
cipitate is  covered  with  strong  alcohol,  which  causes  it  gradually  to  break  up  into  a 
white,  apparently  semi-crystalline,  powder;  this  is  washed  two  or  three  times  with 
alcohol,  thrown  on  a  filter,  rapidly  pressed  between  folds  of  bibulous  paper,  and 
then  placed  over  sulphuric  acid.  If  this  precaution  be  not  qaicldy  taken  moisture 
is  absorbed,  and  the  powder  again  becomes  soft  and  waxy.  The  reducing  power 
exerted  by  the  substance  dried  at  ioo°  (212°  F.)  in  a  current  of  dry  air,  when 
boiled  for  twenty  minutes  with  Fehling's  solution,  and  also  its  apparent  sp.  rot. 
power,  were  determined  by  O'Sullivan  for  eight  distinct  preparations  made  in 
the  following  way : — e,  f,  and  ff,  by  the  action  of  diastase  on  starch  paste, 
stopping  the  transformation  by  boiling  when  the  colour  with  iodine  was  no 
longer  blue  but  reddish-brown  ;  h  and  i,  from  a  similar  product,  stopping  the 
reaction  when  iodine  gave  no  colour ;  j,  by  the  action  of  sulphuric  acid,  tlie  acid 
being  separated  when  iodine  ceased  to  give  a  blue  colour,  but  reddish-brown  ; 
k,  also  by  the  action  of  sulphuric  acid,  the  acid  being  separated  when  iodine 
gave  no  coloration;  and  /  by  the  action  of  oxalic  acid,  continued  until  iodine 
gave  a  reddish-brown  colour.     The  following  values  were  obtained  : 


— 

Apparent  specific 
rotatory  power. 

Cupric  oxide 
reducing  power. 
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I 
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From  these  determinations  there  can  be  no  doubt  that  the  eight  preparations 
are  one  and  the  same  body.  It  is  perhaps  open  to  question  whether  the  slight 
amount  of  reduction  exerted  by  the  substance  thus  obtained  is  either  in  part  or 
entirely  due  to  amylon  still  retained  by  it,  but  supposing  the  latter  to  be  the 
case,  and  taking  the  average  of  the  eight  determinations,  it  would  appear  that 
about  2  per  cent,  of  amylon  is  present;  and  even  if  the  reduction  be  not  due  to 
amylon,  there  can  be  little  doubt  that  amylin  itself  has  not  the  power  of  preci- 
pitating cuprous  oxide  from  Fehling's  solution,  and  that  it  is  only  very  slowly 
converted  into  substances  which  are  capable  of  thus  reducing  the  solution  when 
boiled  with  it. 

Amylin  thus  prepared  is  a  brittle  white  powder,  which  exhibits  no  indication 
of  crystalline  structure  under  the  microscope.  When  simply  dried  over  sulphuric 
acid  it  retains  9*5  to  10  per  cent,  of  water,  corresponding  to  the  formula 
CgHj^Og  +  OH^;  it  is  rendered  anhydrous  by  heating  at  100°  (212°  F.)  in  a 
current  of  dry  air,  but  the  operation  takes  at  least  eight  hours.  It  is  very 
easily  soluble  in  water,  the  solution  of  the  anhydrous  substance  being  attended 
with  rise  of  temperature ;  it  is  not  perceptibly  soluble  in  cold  alcohol  of  sp.  gr. 
•82.  The  aqueous  solution  containing  10  grams  dry  substance  in  100  cc.  at 
I5°*5  (60°  F  )  has  at  this  temperature  the  sp.  gr.  1*03845.  Its  apparent, 
sp.  rot.  power  may  be  taken  to  be  [d]i  =  2I3°'5.  Amylin,  like  starch,  belongs 
to  the  class' of  colloid  bodies,  and  does  not  difiuse  through  organised  membranes. 

It  will  be  observed  that  to  produce   the  preparations  Cff,  g,  jt  and  /,  the 
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action  of  the  diastase  or  acid  was  stopped  when  the  colour  with  iodine  was  no 
longer  blue,  but  reddish-brown,  and  they  therefore  at  least  partially  consisted  of 
the  substance  previously  referred  to  as  a-dextrin ;  on  the  other  hand,  the  action 
was  continued  until  the  solution  was  no  longer  coloured  by  iodine  in  the  case  of 
preparations  h  and  1c,  which  therefore,  consisted  only  of  so-called  ;3-dextrin. 
But  all  the  preparations  have  practically  the  same  rotatory  power,  and  as  accord- 
ing to  Bechamp  the  so-called  soluble  starch,  which  is  coloured  blue  by  iodine, 
has  the  apparent  specific  rotatory  power  [a]j  =  2ii°,  it  may  be  concluded  that 
the  three  bodies  are  alike  in  their  action  on  polarized  light ;  they  are  also  alike 
in  composition,*  so  that  apart  from  the  fact  that  soluble  starch  dissoK'es  in 
water  only  on  warming,  whereas  the  dextrins  are  readily  dissolved  in  the  cold, 
they  are  only  to  be  distmguished  by  their  behaviour  with  iodine. 

Amylin  is  slowly  converted  into  amylon  when  digested  with  malt  extract, 
and  consequently  the  rotatory  power  of  the  solution  diminishes,  whilst  its  cupric 
oxide- reducing  power  increases ;  acids  produce  a  similar  effect.  Amylon  itself 
also  undergoes  change  when  submitted  to  the  prolonged  action  of  diastase,  or  of 
sulphuric  acid,  but  the  change  takes  place  with  extreme  slowness,  especially  if 
diastase  be  the  agent ;  the  nature  of  the  glucose,  or  glucoses,  into  which  amylon 
is  thus  converted  will  be  discussed  later  on. 

We  have  now  to  consider  the  action  of  malt  extract  on  starch  paste  at  dif- 
ferent temperatures,  for  O'Sullivan  has  established  the  -remarkable  fact  that 
although,  if  the  action  be  stopped  when  the  solution  is  no  longer  coloured  by 
iodine,  the  product  is  always  a  mixture  of  amylon  (maltose)  and  amylin  (dextrin), 
the  proportions. in  which  the  two  bodies  are  obtained  varies  with  the  temperature 
{Journ.  Chem.  Soc,  1876,  ii.  125). 

There  can  be  no  doubt  that  amylon  and  amylin. are  the  only  products  of  the 
tramsformation  of  starch  under  the  influence  of  malt  extract,  if  the  action  be 
stopped  when  iodine  no  longer  colours  the  solution ;  for  if  the  amount  of  solid 
matter  present  be  determined  (foot  note,  p.  597),  and  its  composition  be  calcu- 
lated on  this  supposition,  the  amount  of  amylon  it  contains  being  deduced  from 
its  cupric  oxide-reducing  power,t  and  the  amount  of  amylin  by  deducting  the 
amount  of  amylon  thus  found,  and  the  rotatory  power  of  the  mixture  be  then 
calculated,  the  sp.  rot.  powers  of  the  two  bodies  being  taken  as  [a]^—  150°  and 
213*5°  ^respectively,];  the  value   thus  obtained  closely  agrees  with  that  directly 


*  O'Sullivan  found  44*16  per  cent,  carbon  and  6*44  per  cent,  hydrogen  in 
a  sample  of  a-dextrin,  and  44' 2  3  per  cent,  carbon  and  6' 3 6  per  cent,  hydrogen 
in  a  sample  of  /3-dextrin,  the  theoretical  numbers  being  44*44  and  6'i7.  The 
slight  excess  of  hydrogen  and  deficiency  of  carbon  exhibited  by  these  analyses 
is  doubtless  due  to  the  presence  of  at  least  2  per  cent,  of  amylon  in  the  substances 
analysed. 

t  Since  100  parts  amylon  have  the  same  reducing  power  as  65  parts  dextrose, 
the  amount  of  amylon  is  calculated  by  dividing  the  number  which  expresses  the 
cupric  oxide-reducing  power  by  '65. 

J  From  the  definition  of  sp.  rot.  power  given  on  p.  572,  it  will  be  evident 
that  the  amount  of  rotation  produced  by  i  gram  of  active  substance  in  100  cc. 
of  solution  will  be  xo*^  ^^  ^^^  apparent  sp.  rot.  power  of  the  substance  in  a 
solution  of  the  concentration  employed ;  therefore,  in  order  to  calculate  the  rota- 
tory power  of  a  mixture  of  amylon  and  amylin,  the  number  of  grams  of  each  in 
10  grams  of  mixture  must  be  multiplied  by  15°  and  2i°'35  respectively,  and 
the  two  products  added  together.  Thus,  to  find  the  apparent  sp.  rot.  power  of 
a  mixture  containing  6*77  grams  amylon  and  3*23  grams  amylin,  we  have 
(6*77  X  15°)  +  (3"23  X  2i°*35)  =  i7o°'5- 
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observed.  The  same  is  true  of  the  residue  obtained  on  extracting  the  crude 
product  of  the  action  of  diastaste  on  starch  paste  with  alcohol.  The  following 
are  examples  of  results  obtained  in  this  manner  by  O'Sullivan : 

Cupric  oxide  .1  A      v  Calculated  apparent        Observed  apparent 

reducing  power.         Amyion.  Amyim.  ^^^  ^^^^^  power.  sp.  rot.  power. 

44  677  32-3  i7o°-5  i7o°-8 

16  24-6  75-4  i97°-9  i97°*5 

9  13-8  86'2  204°7  204°'6 

8  12-3  877  205°7  205°-5 

10  15-3  847  203°-8  203°7 

Cold  malt  extract  is  entirely  without  action  on  ungelatinized  starch,  but  begins 
to  dissolve  it  at  the  temperature  of  gelatinization  or  a  few  degrees  lower. 
Starches  from  different  sources,  however,  and  even  the  granules  of  the  same 
sample,  are  not  all  attacked  at  the  same  temperature.  Thus,  if  malt  extract  be 
added  to  the  starch,  and  the  temperature  gradually  raised,  a  certain  portion  is 
dissolved  at  one  point,  and  a  further  portion  at  a  higher  temperature,  and  so  on. 
The  complete  solution  of  potato  starch  is  only  effected  at  62''— 64°  (i43°'6- 
147°' 2  F.);  maize,  rice,  and  the  small  granule  starches  in  general,  require  a  tem- 
perature many  degrees  higher ;  in  some  cases  the  transforming  power  of  the 
diastase  is  destroyed  before  some  of  the  granules  become  gelatinized.  On  this 
account,  the  complete  solution  of  some  of  the  starches  cannot  be  effected; 
narely,  however,  does  the  quantity  remaining  insoluble  exceed  4  per  cent. 

Malt  extract  dissolves  gelatinized  starch  at  a  temperature  of  io°— 20*^  (5°°~ 
68°  F.)  almost  completely  if  the  gelatinization  be  perfect.  From  a  large  number 
of  experiments,  O'Sullivan  finds  that  if  the  solution  be  filtered  and  analysed 
within  a  few  hours  of  adding  the  extract  to  the  paste,  amyion  and  amylin  are 
formed  in  the  proportion  of  about  67  per  cent,  of  the  former  to  ;^^  per  cent,  of 
the  latter  J  but  if  the  reaction  be  allowed  to  extend  over  a  greater  length  of  time, 
the  amyion  increases  at  the  expense  of  the  amylin,  especially  if  the  converting 
agent  be  in  excess,  as  much  as  90  per  cent,  of  amyion  being  sometimes  obtained. 

If  the  transformation  take  place  at  a  higher  temperature,  not  exceeding  63° 
(i45°'4  F.),  the  product  also  invariably  contains  amyion  and  amylin  in  pro- 
portion closely  agreeing  with  those  required  on  the  assumption  that  the  starch 
is  decomposed  in  the  manner  represented  by  the  following  empirical  equation : 

(A.)     (C,H..O,),,  +  4OH,  =    4C.,H,,0.,  +  2C,H^0„. 

Starch.  Amyion.  Amylin. 

A  mixture  of  amyion  and  amylin  in  the  proportions  indicated  by  this  equation 
should  consist  of  67*85  per  cent,  of  amyion  and  32*15  per  cent,  of  amylin,  and 
should  exhibit  the  apparent  sp.  rot.  power  [a]j  =  i7o°'4;  the  following  are  the 
results  obtained  by  O'Sullivan  in  four  experiments  made  respectively  at 
30°  (86°  F.),  40°  (104°  F.),  50°  (122°  F.),  and  60°  (140°  F.)  : 


srcentage  of 

Percentage  of 

Observed  apparent 

Calculated  apparent 

Amyion. 

Amylm. 

sp.  rot.  power. 

sp.  rot.  power. 

68-1 

31-9 

i69°7 

i7o°-2 

67-4 

32-6 

i7o°7 

i7o°7 

667 

ZZ'Z 

i69°-9 

i7i°i 

68-3 

317 

i7o°-8 

i7o°-i 

If,  however,  starch  paste  be  decomposed  by  malt  extract  at  any  temperature 
between  64°  and  68°— 70°  (i47°'2  and   i54°-4— 158°  F.),  a  relatively  smaller 
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amoant  of  amylon  is  obtained  than  at  lower  temperatures,  amylon  and  amylin 
being  formed  in  proportions  closely  agreeing  with  the  equation  : 

(B.)    (C.H,0,),,  +  2OH,   =   2C„H,A.  +  4C.,H,A.. 

Starch.  Amylon.  Amyliu. 

And  at.  still  higher  temperatures,  viz.,  at  temperatures  from  68° — 70° 
(i54°"4 — 158°  F.)  to  the  point  at  which  the  activity  of  the  diastase  is  de- 
stroyed, even  a  still  smaller  proportion  of  amylon  is  obtained,  the  transformation 
which  then  takes  place  being  indicated  by  the  equation  : 

(C.)     (C.H„0.),,  +  OH,   =  C,,H,,0„  +  SC„H,.0,.. 

Starch.  Amylon.  Amylin, 

The  formation  of  amylon  and  amylin  in  these  various  proportions  at  the 
temperatures  specified  is  observed  only  when  the  starch  paste  and  malt  extract 
are  separately  heated  to  the  particular  temperature,  care  being  taken  that  the 
latter  is  not  heated  to  a  higher  temperature,  and  are  then  mixed;  very  different 
results  are  obtained  if  the  malt  extract  be  heated  to  a  higher  temperature  than 
than  that  at  which  the  reaction  is  allowed  to  take  place  previous  to  mixing  it 
with  the  starch  paste.  Thus  O'Sullivan  has  found  that  if  starch  paste  cooled  to 
60°  (140°  E.)  be  mixed  with  malt  extract  heated  to  67°  (i52°-6  F.)  for  a  few 
minutes  and  then  cooled  to  60°  (140°  F.),  decomposition  does  not  ensue  in 
accordance  with  the  equation  A  above  given,  but  as  represented  by  the  second  equa- 
tion (B)  ;  and  that,  similarly,  if  the  malt  extract  be  heated  to  75°  (167°  F.), 
then  cooled  to  68°  (i54°-4  F.),  and  allowed  to  act  on  starch  paste  at  this  latter 
temperature,  the  transformation  takes  place  in  accordance  with  equation  C.  It 
would  therefore  seem  that  the  remarkable  difference  in  the  results  obtained  at 
different  temperatures  is  due  to  some  change  brought  about  by  heat  in  the  cha- 
racter of  the  decomposing  agent  or  agents  in  the  malt  extract. 

It  has  already  been  pointed  out  that  the  transference  of  starch  in  plants  from 
one  part  to  another  must  be  preceded  by  its  conversion  into  a  soluble  Ibrm ;  but 
not  only  must  the  product  be  soluble,  it  must  also  be  capable  of  passing  through 
the  cell  walls.  It  is  highly  probable  that  the  change  which  the  starch  under- 
goes is  similar  to  that  which  takes  place  when  it  is  submitted  to  the  action  of 
diastase,  and  that  it  is  converted  into  amylon  and  amylin,  the  latter  being  also 
subsequently  converted  into  amylon,  but  much  more  slowly.  In  this  connexion 
it  is  an  interesting  fact  that  the  greatest  relative  proportion  of  amylon  is  pro- 
duced when  starch  is  decomposed  at  low  temperatures ;  hence,  as  amylon  is  readily 
diffusible,  whereas  amylin  is  a  colloid  substance,  the  conditions  are  such  as  moot 
to  favour  the  rapid  transference  of  the  starch. 

The  proportions  of  amylon  and  amjlin  above  given  as  constituting  the  pro- 
duct of  decomposition  at  the  various  specified  temperatures  are  those  which  are 
obtained  when  the  malt  extract  and  starch  paste,  both  heated  to  the  temperature 
at  which  it  is  desired  the  reaction  shall  take  place,  are  mixed  and  the  mixture 
placed  on  a  water  bath  heated  to  a  like  temperature,  the  solution  being  removed 
from  the  water  bath  as  soon  as  the  starch  paste  dissolves,  rapidly  cooled  and 
filtered  from  a  small  amount  of  insoluble  matter.  If  sufficient  malt  extract  be 
employed,  the  solution  of  the  starch  is  completed  within  a  very  few  minutes, 
the  insoluble  matter  which  remains  seldom  amounting  to  "5  per  cent,  of  the  air- 
dried  starch  employed,  and  the  filtrate  giving  no  colouration  with  iodine, 
although  if  the  solution  be  heated  immediately  to  the  boiling  point  before  re- 
moving the  insoluble  matter  the  filtrate  almost  always  gives  a  blue  or  reddish- 
brown  colour  with  iodine.  But  unless  the  malt  extract  employed  be  in  con- 
siderable excess,  very  little  change  takes  place  in  the  proportions  of  amylon  and 
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amylin  at  first  produced,  even  if  the  solution  be  maintained  for  four  or  five  hours  at 
the  temperature  at  which  the  decomposition  is  eftected  ;  if,  however,  the  mal^ 
extract  be  in  excess,  or  strongly  acid,  the  amylin  slowly  undergoes  conversion 
into  amylon,  and  if  the  unboiled  solution  be  digested  for  a  sufficient  time,  the 
greater  part  of  the  amylin  may  be  transformed  into  amylon,  so  that  by  varying 
the  time  of  digestion  and  the  quantity  of  the  transforming  agent  any  propor- 
tions of  amylon  and  amylin  may  be  obtained  :  hence  the  discrepant  statements  of 
previous  observers,  *  as  to  the  relative  proportions  of  dextrin  and  "  sugar"  produced 
by  the  action  of  malt  extract  on  starch  under  various  conditions.*  If  the  solution 
be  boiled  previous  to  digestion,  the  amylin  is  not  converted  into  amylon  to  any 
extent,  the  transforming  agent  in  the  malt  extract  being  thereby  rendered  inert. 

The  quantity  of  malt  extract  required  to  effect  the  transformation  of  starch 
into  amylon  and  amylin  can  only  be  approximately  determined,  as  the  cold 
extracts  of  diiFerent  malts  exhibit  very  different  transforming  powers ;  a 
quantity  of  extract  containing  solid  matter  equal  to  5  per  cent,  of  the  starch 
taken,  is  sufficient,  however,  in  almost  all  cases. 

If  the  digestion  with  an  excess  of  malt  extract  be  continued  for  several 
hours,  especially  if  the  extract  contain  more  acid  than  usual,  it  is  found  that  the 
rotatory  power  of  the  product,  calculated  from  its  cupric  oxide  reducing  power, 
&c.,  (p.  630),  is  invariably  greater  than  that  directly  observed,  in  consequence  of 
the  partial  conversion  of  the  amylon  into  glucoses  having  a  lower  rotatory  power. 
This  conversion  of  amylon  into  glucoses  under  the  influence  of  malt  extract, 
which  takes  place  very  slowly,  is  regarded  by  O'SuUivan  as  an  effect  produced, 
not  by  a  special  transforming  agent^  but  by  the  acid  it  contains ;  this  conclusion 
is  supported  by  Schulze  and  Uhrich's  observation  that  amylon  is  not  altered  when 
digested  with  "  diastase"  prepared  by  precipitating  malt  extract  with  alcohol. 

It  is  generally  supposed  that  the  glucose  into  which  starch  is  finally  converted 
by  digestion  with  dilute  sulphuric  acid  is  ordinary  dextrose,  inasmuch  as  the  product 
has  the  same  cupric  oxide  reducing  power  as  sucrodextrose,  which  it  resembles  in 
other  respects.  O'Sullivan's  experiments,  however,  appear  to  indicate  that  amylon 
is  converted  into  two  dextrorotatory  glucoses  on  inversion,' one  of  which  at  least  is 
different  from  sucrodextrose.  Thus  he  found  that  on  digesting  10  grams  pure 
amylon  with  malt  extract  containing  '7  gram  solid  matter  for  ten  hours,  the 
cupric  oxide  reducing-power  increased  to  73,  while  the  apparent  sp.  rot.  power 
fell  to  [a]j  =  +  131°.  From  these  numbers  the  amount  of  glucoses  produced, 
and  their  combined  apparent  sp.  rot.  power,  may  be  calculated  in  the  following 
manner,  bearing  in  mind  that  the  cupric  oxide  reducing  power  of  amylon  is  65, 
while  that  of  the  glucoses  produced  by  its  inversion  is  100. 

Let  X  =  the  amount  of  amylon  remaining  unchanged 

.*.   10  — a?  =  the  amount  of  glucoses  produced 

then  X  X  '65  +  10— ar  =  7'3 

•35^  =  27 

.-.  a;  =  771 

and  10—  771   =  2*29,  the  amount  of  glucoses  produced. 

Then  131°"  (771  x  15°)=  J5°'35,  the  activity  of  2*29  grams  of  the  glucoses 
in  100  cc.  of  solution;  hencft  '.M5  =  6°-'j  is  the  activity  of  i  gram,  and 
therefore  the  apparent  sp.  rot.  power  =67.  In  like  manner,  in  a  number  of 
experiments  on  the  inversion  of  amylon  by  dilute  sulphuric  acid,  it  was  found 
that  when  the  apparent  sp.  rot.  power  reached  67°  the  cupric  oxide  reducing 
power  was  always  100  {private  communication). 

'  O'Sullivan  is  inclined  to  regard  the  product  of  the  inversion  of  amylon  as  a 
mixture  of  two  dextroglucoses,  both  different  from   sucrodextrose ;  the  observa- 
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tions  of  Tollens  {Deut.  cJiem.  Ges.  JBer.,  ix.  487,  1531),  however,  on  the  optical 
behaviour  of  the  glucose  from  starch  do  not  favour  this  conclusion.  This 
chemist  has  carefully  examined  the  influence  of  concentration  on  the  apparent 
sp.  rot.  power  of  dextrose,  employing  for  most  of  his  experiments  so-called  pure 
commercial  grape  sugar.  This  had  been  prepared  from  the  best  commercial 
*•'  grape  sugar"  (from  starch)  by  dissolving  it  in  alcohol  and  precipitating  with 
ether ;  but  in  order  further  to  purify  it,  Tollens  recrystallized  it  twice  from 
water,  then  once  from  80  per  cent,  alcohol,  and  again  once  or  twice  from  water. 
The  apparent  sp.  rot.  power  of  the  substance  thus  obtained  was  found  to  be  the 
same  as  that  of  sucrodextrose  in  a  solution  of  the  same  strength,*  and  was  not 
altered  by  recrystallization ;  hence  it  may  be  concluded  that  amylon  yields 
sucrodextrose  on  inversion. 

Admitting  this  to  be  the  case,  it  may  be  calculated  from  O'Sullivan's 
determination  of  the  apparent  sp.  rot.  power  of  the  mixture  of  glucoses  from 
amylon  that  the  apparent  sp.  rot.  power  of  the  glucose  which  accompanies  sucro- 
dextrose is  [a]j  =  67°  X  2  -  57°"6  =--  76°'4. 

It  is  certainly  remarkable,  however,  if  amylon  yields  sucrodextrose  and  a 
dextrose  of  considerably  higher  rotatory  power  on  inversion,  that  the  former 
should  be  so  readily  and  completely  separated  from  the  latter  by  mere  crystalli- 
zation from  water  and  alcohol  as  would  appear  to  be  the  case  from  Tollens'  observa- 
tions; in  fact,  although  there  can  be  little  doubt  that  the  final  product  of  the  action  of 
acids  on  starch  is  not  merely  sucrodextrose,  as  has  been  very  generally  supposed, 
it  must  be  admitted  that  at  present  there  is  not  sufficient  evidence  as  to  what 
is  exactly  the  nature  of  the  product. 

Action  of  Acids  on  Starch  at  Ordinary  Temperatures. — Starch  slowly  un- 
dergoes alteration  when  allowed  to  remain  at  ordinary  atmospheric  temperatures 
in  contact  with  hydrochloric  or  sulphuric  acid  of  such  strength  as  not  to  cause 
the  granules  to  swell,  being  acted  upon  the  more  rapidly,  the  more  concentrated 
the  acid. 

According  to  Naegeli,t  if  potato  starch  and  a  1 2  per  cent,  solution  of  hydro- 
chloric acid,  or  a  15-16  per  cent,  solution  of  sulphuric  acid,  in  the  proportion  of 
1000  grams  air  dried  starch  to  6  litres  of  acid,  be  placed  in  a  stoppered  bottle, 
and  the  mixture  shaken  daily,  very  little  alteration  of  the  starch  is  apparent ; 
the  liquid  gradually  assumes  a  pale  yellow  tint,  and  the  grarmles  become  less 
coherent,  but  they  do  not  alter  in  bulk ;  and  if  submitted  to  microscopic  exami- 
nation, they  exhibit  no  alteration  of  either  form  or  structure,  excepting  that  the 
stratification  appears  more  marked.  But  when  tested  as  to  their  behaviour  with 
iodine,  whereas  at  first  they  are  coloured  blue,  after  about  twelve  days  they  assume 
a  violet  colour,  then  a  red  colour,  and  finally,  after  about  three  weeks,  are  coloured 


*  According  to  Tollens'  observations,  the  apparent  specific  rotatory  power 
of  dextrose  (from  starch)  in  aqueous  solution  increases  with  the  concentration  ; 
for  solutions  containing  a  given  number  of  grams  of  hydrated  dextrose, 
CgH^^C^e  "^  ^^2,  in  100  grams  it  may  be  calculated  by  the  aid  of  the  following 
formula : 

[«L  =  47°*9254i  +  o'oi 5534  P  +  0-0003883  P'. 

Hence  the  sp.  rot.  power  of  the  pure   hydrate  is  53°'36,  and  that  of  the  anhy- 
drous substance  58°7o ;  the  value  47°-9254i   is  that  calculated  for  P  =  oor 

<?  (P-  575)  =  ioo- 

t  Beitrdge  zur  ndheren  Kenntniss  der  StdrTcegrupjpe.  Leipzig :  W. 
Engelman.  1874.  In  this  pamphlet  (115  pp.  oct.)  Nsegeli  not  only  describes 
his  own  observations,  but  also  gives  a  brief  analysis  of  the  various  investigations 
on  starch  previously  published. 
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reddish- yellow.  The  changes  indicated  by  these  differences  of  colour  do  not 
take  place  precisely  at  the  same  time  in  all  the  granules ;  after  a  time,  however, 
a  point  is  reached  when  all  exhibit  a  yellow  colour  with  iodine,  and  from  this 
time  on,  iodine  fails  to  indicate  any  further  change. 

Nsegeli  ascertained  the  rate  at  which  the  starch  is  altered  and  dissolved,  by 
weighing  at  intervals  the  residue  dried  at  ioo°  (212°  F.).  He  found  that  after 
thirty-six  days,  when  most  of  the  granules  were  coloured  yellow  or  reddish- 
yellow  by  iodine,  and  only  a  few  assumed  a  faint  violet  tmge,  100  parts  of  an- 
hydrous starch  had  lost  38*5  parts;  after  115  days,  when  ail  the  granules  were 
uniformly  coloured  yellow  by  iodine,  100  parts  of  anhydrous  starcli  had  become 
reduced  to  29*5  parts;  after  240  days  only  17*2  parts  remained  undissolved; 
but  even  after  720  days  there  was  a  residue  equal  to  about  6  per  cent,  of  the 
starch  taken,  consisting  of  mere  skeletons  of  the  granules.  The  solution  of 
starch  under  the  influence  of  acids  at  ordinary  temperatures  apparently,  therefore, 
takes  place  more  slowly  the  longer  the  digestion  is  continued ;  this  is  probably 
due,  at  least  in  part,  to  the  inhibiting  action  of  the  products  in  solution,  as  the  starch 
was  found  to  be  miich  more  rapidly  dissolved  if  the  acid  were  renewed  at  intervals . 

The  residual  matter  obtained  when  starch  is  allowed  to  remain  in  contact 
with  hydrochloric  acid  until  the  granules  are  uniformly  coloured  yellow  by  iodine 
is  no  longer  starch,  however,*  for  according  to  Nsegeli,  if  it  be  entirely  freed  from 
acid  by  washing  with  water  (by  decantation)  and  then  boiled  with  water,  by  far 
the  greater  part  dissolves  ;  and  if  the  solution  be  filtered  and  then  irozen,  on 
thawing  the  frozen  mass,  a  turbid  liquid  is  obtained,  from  which  after  a  time 
a  snow-white  deposit  separates,  whilst  the  supernatant  liquid  is  perfectly  clear. 
Under  the  microscope  this  deposit  is  seen  to  consist  of  disc-shaped  masses,  which 
apparently  possess  crystalline  structure,  as  when  viewed  by  polarized  light  they 
exhibit  a  black  cross,  and  if  a  plate  of  selenite  be  interposed  between  the  Nicols, 
the  different  parts  of  the  discs  appear  differently  coloured.  Nsegeli  has  termed 
this  substance  amylo dextrin ;  it  is  probably  identical  with  the  substance  pre- 
viously termed  a-dextrin.  Its  properties  are  as  follows.  It  is  not  soluble  in 
cold  water,  but  readily  dissolves  on  heating  to  60° — 65°  (140° — 149°  V.);  it 
does  not  separate  from  the  solution  on  cooling,  but  if  the  solution  be  evaporated 
to  a  thick  syrup,  although  nothing  separates  at  first,  after  a  time  the  whole 
solidifies  to  a  mass  of  the  discs.  It  is  precipitated  from  its  aqueous  solution  by 
alcohol,  but  does  not  yield  a  precipitate  with  baric  hydrate,  ammoniacal  plumbic 
acetate,  or  tannin.  When  placed  in  contact  with  water  and  a  crystal  of 
iodine,  it  is  either  not  coloured  at  all,  or  assumes  only  a  faint  yellowish-red  tinge, 
but  if  a  crystal  of  iodine  be  added  to  its  solution  the  liquid  becomes  at  first 
violet,  then  reddish-violet,  and  finally  purple-red.  Nsegeli  supposes  it  to  be 
without  action  on  Fehling's  solution,  although  he  found  that  100  pts.  of  the 
substance  dried  over  sulphuric  acid  reduced  as  much  of  the  solution  as  6*85  pts. 
dextrose,  but  he  attributes  this  to  its  conversion  into  sugar  by  the  action  of  the 
alkali,  as  it  had  a  much  greater  reducing  power  after  heating  for  a  short  time 
with  a  weak  solution  of  potassic  hydrate ;  probably,  however,  his  amylodextrin 
contained  amylon.  It  is  remarkable  that  amylodextrin,  dried  over  sulphuric 
acid,  lost  only  i'"]^  per  cent,  water  at  100°  (212''  E.),  as  according  to  O'Sullivan, 
when  a-dextrin  is  dried  over  sulphuric  acid  its  weight  becomes  constant  when  it 
contains  9*5  to  10  per  cent,  water. 


*  The  assumption  has  been  made  that  the  substance  coloured  yellow  by 
iodine  is  pre-existent  in  starch — that  potato  starch,  for  example,  chiefly  consists 
of  the  modification  coloured  blue,  and  of  that  coloured  yellow  by  iodine,  the 
ibrmer  of  which  is  more  readily  extracted  by  acids,  and  is  therefore  first  removed. 
There  is,  however,  no  evidence  to  warrant  this. 
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ACTION  OF  ACIDS  ON  STARCH. 


635 


The  results  obtained  by  Naegeli  appear  to  indicate  that  acids  exercise  precisely 
the  same  action  on  starch  at  ordinary  atmor5pheric  temperatures  as  at  higher 
temperatures,  the  only  difference  being  that  alteration  takes  place  much  more 
rapidly  in  the  latter  case  \  they  are  more  particularly  of  interest  in  connexion 
with  the  formation  of  a-dextrin  (amylodextrin),  and  indicate  the  method  by  which 
probably  it  will  be  possible  to  obtain  it  in  a  state  of  purity  ;  but  they  do  not 
afford  any  evidence  as  to  whether  it  is  produced  alone,  or  together  with  amylon, 
which  is  the  most  important  point  to  decide. 

The  products  which  appear  to  be  successively  formed  from 
starch  by  the  action  of  malt  extract  (and  probably  also  of  saliva, 
pancreatic  juice,  and  other  similar  substances),  or  of  acids,  are 
therefore  as  follows  : 


I.  Soluble  starch 


a-Dextrin  {amylo- 
dextrin) 


Amylin  (p-dextrin) 

(C'i2H2o^o)n 

and  amylon 


I  Probably  formed  alone.  Is  coloured  blue  by  iodine ; 
j  does  not  dissolve  in  cold  water,  but  readily  on  heating ; 
V  may  be  separated  from  the  solution  by  freezing. 

Whether  formed  alone,  or  together  with  amylon,  un- 
certain ;  not  dissolved  by  cold  water,  but  immediately  on 
heating  to  6o°-65°  C. ;  may  be  separated  from  the 
solution  by  freezing,  in  characteristicdisc-shaped  masses; 
^the  solution  is  coloured  reddish-brown  by  iodine. 

I  Formed  simultaneously  in  proportions  varying  with 
the  temperature,  if  malt  extract  be  employed.  Amylin 
dissolves  readily  in  cold  water,  and  cannot  be  separated 
except  by  the  addition  of  alcohol  to  a  very  concentrated 
solution  ;  the  solution  is  not  coloured  by  iodine.*  The 
three  bodies,  soluble  starch,  a-  and  ^-dextrin,  have 
probably  the  same  apparent  sp.  rot.  power  in  solution — 
viz.,  [a]j  —  213°  (about),  and  are  not  diffusible  through 

\  organised  membranes. 
Gradually  formed  from  the  amylin,  and  probably 
when  malt  extract  is  employed  by  the  action  of  the 
diastase  and  not  of  the  acid  it  contains.  A  crystalline 
substance,  very  soluble  in  water;  readily  diffusible; 
cupric-oxide  reducing  power  =  65  ;  apparent  sp.  rot. 
'power  in  solution  [a]j  =  150°. 

The  mixture  has  the  same  cupric  oxide-reducing  power 
as  sucrodextrose,  but  an  apparent  sp.  rot.  power 
[a]j  =  67°;  is  perhaps  a  mixture  of  sucrodextrose  and 
a  dextroglucose  of  the  apparent  sp.  rot.  power 
[a]i  =  76°'4.  Their  formation  from  amylon  by  the 
action  of  malt  extract  is  probably  due  to  the  acid  it 
contains;  even  sulphuric  acid,  however,  only  slowly 
causes  the  inversion  of  amylon. 

(1572)  Paeamylon. — According  to  Gottlieb  {Ann.   CTiem.   Pharm.,  Ixxv. 
51),    the    cells    of   a  species    of  alga,  the  ^uglena   viridis,  contain  a  large 


C.A 


.0, 


5.  Two  Dextroglu- 
coses 


*  Nsegeli  states  that  although  a  solution  of  dextrin  is  scarcely  coloured  by 
a  weak  solution  of  iodine,  if  a  crystal  of  the  latter  be  added  it  assumes  a  reddish- 
brown  colour. 
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numljer  of  small  granules  consisting  of  a  substance  of  the  same  composition  as 
starcli,  and  closely  res(Mnl)!ing  it  in  ap[)e;n'an.ce,  but  not  cobniretl  by  iodine.  It  may 
be  extracted  by  lirst  tluiroughly  exliaustmg  tb.e  F.ualv.ta  with  alcohol  and  ether  to 
separate  colouring  n.ailor,  A:e.,  and  ihon  nuici  railing  it  at  tiie  ordinary  tem- 
perature with  a  dilute  solution  of  potassic  hydrate  ;  on  acidulating  the  solution, 
it  is  thrown  down  as  a  transparent  gelatinous  precipitate,  which,  when  dry, 
ibrms  a  uum-like  mass.  I'araniy'ou,  as  this  sub.^tance  has  been  termed,  is  not 
solubk-  in  \witei.  and  is  not  idter^d  by  boiling  with  dilute  hydrochloric  acid,  but 
the  coiicfutraied  aci<l  rapidly  converts  it  into  a  body  capable  of  reducing 
Fehlini;'s  sobition,  and  yielding  alcohol  on  ferment;ition.  According  to  llaber- 
r.iann,  bv  heating  it  with  w;iter  arid  bromine,  and  subsequently  neutralising  with 
ai'gt-ntic  hydrate.  cVc,  an  acid  is  obtained  very  similar  to  that  from  starch  (p.  626). 


(1573)   SvxAXTJJKOSE  :     (?)     C^.,H,^0     +  ()li._,. — This    carbohydrate 


ac- 


co-npanies  iinilin  in  all  the  tuber-bearnig  Conq)U!<itce  or  Sijnanthei'ece,  being 
most  abundant  in  the  ripe  tubers;  it  was  first  described  by  Popp  in  1870 
{Ann.  CJicm.  Phai'iri.,  clvi.  181).  The  best  materials  for  its  preparation  are 
tiie  tubers  of  Dahlia  variabilis  or  of  the  Jerusalem  artichoke  {Ilcl/ij/ifhus 
iahc'o^tis).  The  expressed  juice  of  the  freshly-gathered  tubers  is  precipitated 
with  basic  })lumbic  acetate,  the  dissolved  lead  removed  by  sulphuretted  hydrogen, 
the  solution  neutralized  wdth  nuignesic  carbonate,  and  evaporated  on  the  water 
bath.  The  residue  is  then  repeatedly  extracted  with  small  quantities  of  alcohol, 
n.ntil  it  is  deprived  of  optically  active  substances;  after  drying  the  undissolved 
portion  on  the  v/ater  bath,  in  order  to  free  it  from  water  and  inulin,  it  is  frac- 
tionally treated  with  small  quantities  of  aqueous  alcohol,  so  as  to  obtain  as 
saturated  a  solution  as  possible.  This  solution,  after  being  completely  decolorized 
by  animal  charcoal,  is  poured  in  a  thin  stream  into  a  mixture  of  ether  and 
aidiydrous  alcohol ;  tlie  precipitate  is  then  quickly  tilteredolf,  washed  wdth  ether- 
alcohol,  and  dried  over  sulphuric  acid  in  vacuo.  It  is  thus  obtained  as  a 
white,  incoherent,  bulky,  amorphous  mass  of  the  composition  CjJI.-,^Oj^ ;  it 
is  extiemely  hygroscopic  and  deliquescent,  easily  soluble  in  water  and  aqueous 
alcohol,  difiicultl}^  soluble  in  absolute  alcohol,  and  insoluble  in  ether.  It  has  an 
insipid  taste,  without  being  in  the  least  sweet.  The  substance  which  has  been  in 
contact  with  w^ater  retains  a  molecule  of  water  with  great  persistency,  and 
cannot  be  rendered  anhydrous  by  mere  drying  in  the  air  bath  without  suft'ering 
decomposition  ;  it  appears  also  to  possess  a  similar  athnity  for  alcohol.  It  is  not 
cnly  optically  inactive,  but  also  without  immediate  action  on  Fehling's  solution, 
although  the  latter  is  reduced  after  long  boiling,  owing  to  the  alteration  of  the 
synanthrose  by  the  alkali  ;  it  immediately  causes  the  preci])itation  of  mercury 
fi'oui  a  solution  of  niercurous  nitrate.  After  heating  synanthrose  with  dilute  acids, 
however,  the  solution  has  a  powerful  hcvorotatory  action,  in  consequence,  accord- 
ing to  i*i;p[),  of  the  conversion  of  the  synanthrose  into  a  mixture  of  dextrose  and 
hevulose ;  but  he  does  not  mention  on  wdiat  evidence  this  conclusion  is  based, 
and  his  statement  tluit  the  apparent  specihc  rotatory  power  ol'  the  inversion  pro- 
duct (j;'^  —  —54-09  at  17°  (62^'6  F.)  in  a  solution  containing  about  2  percent.) 
is  not  appreciably  modilied  by  an  alteration  of  temperature,  is  opposed  to  this 
conclusion,  as  the  rotatory  power  of  sucrobcvulose  is  kiu)wn  to  vary  very  con- 
sideiably  wit!i  tiie  temperature.  Moreover,  the  behaviour  of  synanthrose  in 
])reseiice  of  beer  yeast  is  remarkable  :  although  not  directly  fermentable,  it 
a])}ie;irs  to  undei'go  inversion  under  the  intluence  of  the  yeast,  and  to  furinsh 
j'ei-meiilahle  pi'oduet^,  but  according  to  iJieck  and  Tollens  {Jour a.  f.  Land- 
ivii'l hs<l,<ij'l .  xxiv.  I  1  7J  the  fei'iuentation  takes  place  very  slowly,  and  only  about 
two-1  birds  as  nmch  gas  is  evolved  as  would  be  obtained  from  an  equal  weight  of 
dextrose. 

Un  heating  synaidhrose  to   140"^ — 145''  (284" — 293°  F.),  it  becomes  brown 
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and  gas  Is  evolved,  apparently  undergoing  a  change  similar  to  that  which  takes 
place  when  cane  sugar  is  carefully  heated;  on  submitting  it  to  dry  distillation, 
gases  are  evolved,  and  a  distillate  obtained  containing  acetic  acid  and  acetone. 
On  oxidation  with  dilute  nitric  acid,  it  yields  saccharic  and  oxalic  acids.  Its 
aqueous  solution  is  not  precipitated  by  normal  or  basic  plumbic  acetate,  but  a 
lead  derivative  may  be  obtained  by  precipitating  an  alcoholic  solution  with  an 
alcoholic  solution  of  the  basic  acetate ;  and  calcium  and  barium  derivatives  are 
precipitated  on  the  addition  of  alcohol  to  solutions  of  syuanthrose  in  lime  or  baryta 
water.  It  is  not  browned  by  a  cold  solution  of  potassic  hydrate,  and  although 
blackened  by  concentrated  sulphuric  acid,  it  is  not  so  much  acted  on  as  cane 
sugar. 

(1574)  Inulin  :  (CgHjQOg)^. — This  carbohydrate  replaces 
starch  in  the  root  system  of  many  Compositc^^  being  especially 
abundant  in  the  tubers  of  the  dahlia  {Dahlia  vai^iabilis) y  which 
when  ripe  contain  as  much  as  10  per  cent,  of  their  weight  of 
inulin^  and  of  the  Jerusalem  artichoke  [Helianthus  tuber osus),  and 
in  the  roots  of  elecampane  {Inula  Helenium),  dandelion  (Taraxa- 
cum officinale) y  and  chicory  {Chicorium  Intybus), 

According  to  Kraus  {Bot.  Zeitg.  1875,  171),  it  is  not  confined  to  the 
biennial  and  perennial  compositae,  as  supposed  by  Dragendorff,*  but  is  also 
found  in  the  Campanulacece,  Goodeniacece,  LobeliacecB,  and  Stylidece;  and  occurs 
abundantly  in  these  plants,  not  only  in  the  underground  organs,  in  which  alone 
it  is  found  in  the  Composite,  according  to  Dragendorff,  but  also  in  the  fleshy 
stems  of  the  Cacalice  and  KleinifS,  in  the  woody  stem  of  Musschia,  in  the 
herbaceous  stalks  of  Stylidium  suff^ructicosum,  and  in  the  green  creeping  stalk  of 
Selliera  radicans,  and  even  occurs  in  the  chlorophyll  cells  of  the  fleshy  leaves 
of  these  plants.  The  inulins  of  different  plants,  however,  are  not  all  equally 
soluble  in  water,  according  to  Kraus.  In  the  Compositce,  at  least,  inulin 
apparently  has  a  similar  function  to  that  which  starch  exercises  in  potato  tubers, 
for  example,  being  stored  up  during  the  earlier  period  of  the  plant's  growth  for 
use  at  a  future  period  of  growth,  and  is  generally  most  abundant  in  the  autumn. 

Preparation. — It  is  difficult  to  prepare  pure  inulin,  as  it  is  usually  accom- 
panied by  gummy  and  albuminous  matters,  and  also  has  a  great  tendency  to 
retain  various  salts.  It  is  most  readily  obtained  in  a  pure  state  from  dahlia 
tubers  in  autumn.  The  well-washed  tubers  are  reduced  to  a  fine  pulp,  which  is 
rapidly  pressed,  and  the  expressed  liquid  is  allowed  to  stand  12 — 18  hours,  after 
which  it  is  mixed  with  at  most  an  equal  volume  of  alcohol,  the  precipitate,  con- 
sisting chiefly  of  impurities,  is  rapidly  filtered  off",  and  the  inulin  then  separated 
by  the  addition  of  double  the  quantity  of  alcohol.  It  may  be  further  purified 
by  dissolving  it  in  hot  water  and  again  fractionally  precipitating  with  alcohol. 

Another  method  of  obtaining  inulin  is  to  digest  the  substance  containing  it 
with  water  heated  to  about  90°  (194°  F.)  ;  the  extract  thus  obtained  is  treated 
with  basic  plumbic  acetate,  which  precipitates  most  of*  the  impurities,  the  preci- 
pitate removed  by  filtration,  the  dii^solved  lead  thrown  down  by  sulphuretted 
hydrogen,  the  filtrate  from  the  plumbic  sulphide  neutralized  with  ammonia  and 
then  concentrated   on   the  water  bath,  and   finally  the  inulin  precipitated  with 


*  Materialien  zu  einer  Monographie  des  Inulins,  St.  Petersburg  :  PC, 
Schnitzdorff,  1870. — This  monograph  contains  a  critical  analysis  of  all  previous 
investigations  of  inulin,  and  also  an  account  of  a  considerable  number  of  original 
experiments.  .  . 
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alcohol.     In  order  to  prevent  caking,  the  inulin  thus  prepared  must  be  at  first 
dried  at  a  low  temperature,  not  exceeding  ^o°  (122°  F.). 

Pure  inulin  is  a  brilliant  white  powder,  resembling  starch  in 
appearance,  but  readily  distinguished  from  the  latter,  as  it  dis- 
solves in  warm  water,  forming  a  perfectly  clear  and  limpid  solu- 
tion, which  is  not  coloured  by  iodine  ;  if  it  be  very  slowly  separated 
from  its  aqueous  solution  by  alcohol,  it  forms  globular  aggre- 
gates presumably  of  needle-shaped  crystals— -so-called  sphcero- 
crystals,  which  exhibit  under  the  polarizing  microscope  a  black 
cross  similar  to  that  displayed  by  the  granules  of  potato-starch. 
(Comp.  SsLchs'  Text  Book  of  Botany,  1875,  P-  <^3)**  I*  is  scarcely 
dissolved  by  cold  water,  although  according  to  Sachs  and  Dragen- 
dorff,  it  readily  dissolves  in  water  heated  to  about  ^^°  (131°  F.)  ; 
Prantl  states,  however,  that  whereas  100  cc.  of  a  solution  saturated 
at  0°  (32°  F.)  contain  only  'oi  gram  inulin,  too  cc.  of  a  solution 
saturated  at  100°  (212°  F.)  contain  no  less  than  36*50  grams  ; 
and  that  solutions  saturated  at  14°  (S7°"2^  F.),  30°  (86°  F.),  60° 
(140°  F.),  and  80°  (176°  F.)  contain  in  100  cc.  respectively 
•2,  '27,  1*57  and  4*0  grams  of  inulin.  The  inulin  is  not  entirely 
deposited  as  the  solution  cools ;  indeed  a  solution  containing  4 
or  5  per  cent,  often  remains  clear  for  days  if  protected  from  dust, 
but  on  cooling  it  strongly,  or  adding  alcohol  or  glycerin,  the 
inulin  is  at  once  precipitated. 

This  behaviour  affords  an  explanation  of  the  occurrence  of  such  relatively 
large  amounts  of  inulin  in  solution  in  the  cell  sap  of  the  Composites,  and  its  slow- 
separation  from  the  expressed  juice.  Dragendorff  has  found  that  when  solutions 
containing  from  2  to  12  per  cent,  of  inulin  are  allowed  to  diffuse  through 
parchment  paper  into  water,  the  diffusate  never  contains  more  inulin  than  water 
of  the  same  temperature  dissolves  when  in  contact  with  the  solid  substance.  He 
also  states  that  if  a  solution  prepared  by  dissolving  inulin  in  warm  water  be 
evaporated  either  at  the  ordinary  temperature  in  vacuo,  or  in  the  water  bath,  the 
precaution  being  taken  to  exclude  dust  by  stopping  the  mouth  of  the  flask  with 
cotton  wool,  an  amorphous  residue  is  obtained  which  dissolves  much  more  readily 
in  water  than  ordinary  granular  inulin,  which  very  soon,  however,  begins  to 
separate  from  the  solution  thus  obtained.  He  therefore  assumes  that  inulin 
exists  in  two  modifications,  one  of  which  is  crystalline  and  difficultly  soluble, 
and  the  other  amorphous  and  easily  soluble,  and  that  the  former  is  converted 
into  the  latter  by  heating  with  water  to  about  55°  (131°  F.),  whilst  the  latter  is 
reconverted  into  the  former  by  contact  with  dust,  and  by  the  dehydrating  action 


*  The  presence  of  inulin  in  plants  may  be  demonstrated  by  placing  thin 
sections  first  for  a  few  minutes  in  90  per  cent,  alcohol,  and  then  for  a  short 
time  in  water,  after  which  they  are  submitted  to  microscopic  examination.  If 
sphoero-crystals  are  observed,  it  is  not  only  necessary  to  examine  their  behaviour 
with  polarised  light,  but  also  to  ascertain  that  they  are  readily  dissolved  on 
warming  with  water  to  about  50*^ — 5^°  C  ,  and  also  on  treatment  with  potassic 
hydrate  solution  and  dilute  nitric  and  hydrochloric  acids.  The  solution  of 
the  inulin  crystals  by  these  reagents  always  commences  from  without. 
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of  substances  such  as  alcohol,  glycerin,  &c.  It  appears  more  probable,  however, 
that  by  heating  with  water  the  inulin  acquires  a  greater  attraction  for  water, 
and  perhaps  enters  into  combination  with  it  to  form  a  more  soluble  hydrate. 

Air-dried  inulin  has  the  composition  CgH^QO^  -f-  OHg,  and  may 
be  rendered  anhydrous  by  heating  to  100°  (212°  F.)  ;  the  anhy- 
drous substance  has  the  sp.  gr.  t'470_,  whilst  a  solution  containing 
10  per  cent,  of  inulin  has  the  sp.  gr.  (?)  1*0396  at  20°  (68°  F.) 
(DragendorfF).  According  to  Dubrunfaut^  anhydrous  inulin  is 
not  altered  when  heated  to  180°  (^^6°  F.),  but  melts  and  under- 
goes decomposition  at  higher  temperatures  ;  Dragendorff,  how- 
ever, states  that  it  melts  at  165°  (329°  F.)^  but  without  suflPering 
decomposition. 

An  aqueous  solution  of  inulin  exerts  a  laevorotatory  action  on 
polarized  light ;  the  apparent  sp.  rot.  power  of  inulin  has  not, 
however,  been  satisfactorily  determined. 

Bouchardat  (1847)  n^^e  the  value  [a]r  =  —  26°'i6,  but  did  not  state  whether 
this  applies  to  the  anhydrous  substance  ;  Dubrunfaut  (1856)  found  [a]j  =  —  44^*9 
and  [a]r=  —  34°'2;  and  Dragendorff  (1870)  states  that  in  a  solution  containing 
about  5  per  cent,  of  dahlia  inulin  [a]jj=  —  34°'42  at  20°  (68°  F.),  these  values 
being  calculated  for  the  anhydrous  substance ;  according  to  Schlitzenberger, 
however  {Ann.  Chem.  Pharm.,  clx.  82),  who  appears  to  have  used  a  Wild's 
polaristrobometer  and  ordinary  white  light,  dahlia  inulin  has  the  apparent  sp.  rot. 
power  —  26°,  whereas  that  of  elecampane  inulin  is  —  32°.  Schlitzenberger  has 
also  noticed  considerable  differences  in  the  behaviour  of  the  inulins  from  the  two 
sources  on  treatment  with  acetic  anhydride. 

Little  is  known  of  the  metallic  derivatives  of  inulin.  It  is 
readily  dissolved  by  a  moderately  concentrated  solution  of  potassic 
or  sodic  hydrate,  and  on  the  addition  of  alcohol  precipitates  are 
obtained  which  apparently  are  metallic  derivatives  of  inulin  ;  the 
alkaline  solutions  do  not  alter  Fehling's  solution  at  ordinary  tem- 
peratures,, and  even  on  heating  for  some  time  very  little  reduc- 
tion takes  place,  so  that  inulin  is  not  readily  decomposed  by 
alkalies.  Baric  hydrate,  and  an  ammoniacal  solution  of  normal 
plumbic  acetate  produce  white  precipitates  in  solutions  of  inulin, 
but  the  normal  and  basic  acetate  are  without  effect. 

Inulin  does  not  furnish  a  characteristic  product  on  treat- 
ment with  concentrated  nitric  acid;  the  dilute  acid  oxidises  it 
to  oxalic  acid,  but  it  is  probable  that  saccharic  acid  is  first 
formed.  It  does  not  reduce  Fehling^s  solution.  It  is  dissolved 
by  concentrated  sulphuric  acid,  and  if  care  be  taken  to  prevent 
rise  of  temperature,  an  almost  colourless  solution  is  obtained. 
The  acetyl  derivatives  formed  by  the  action  of  acetic  anhydride 
on  inulin  have  been  very  imperfectly  examined ;  they  are  all 
amorphous  bodies. 

Inulin,  unlike  starch,  is  scarcely,  if  at  all,  affected  by  diastase 
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or  saliva,  neither  is  it  fermented  by  beer  yeast ;  it  undergoes  decom- 
position very  rapidly,  however,  under  the  influence  of  acids,  and 
even  mere  boiling  with  water  suffices  to  convert  it  into  a  body 
capable  of  reducing  Fehling's  solution. 

It  may  be  heated  with  water  to  between  90° 'and  100°  (194°  and  212°  F.) 
for  many  hours  without  undergoing?  change,  but  on  boiling  the  solution,  the 
reducing  substance  is  gradually  produced,  and  by  heating  to  100°  (212"  F.)  in 
sealed  tubes  it  may  apparently  be  completely  converted  into  a  Isevoglucose  : 
10 — 15  grams  of  inulin  undergoing  this  change  if  heated  with  4 — 5  times  their 
weight  of  water  for  60 — 70  hours  (Dragendorff).  In  the  presence  of  acids,  the 
decomposition  takes  place  with  much  greater  rapidity,  being  complete  after  a 
very  few  minutes'  warm.ing  on  the  water  bath,  if  the  solution  contain  about 
I  per  cent,  of  hydrochloric  or  sulphuric  acid. 

According  to  Dubrunfaut  (1856),  the  product  of  the  action  of  water  or 
acids  on  inulin  is  identical  with  sucrolsevulose,  but  this  conclusion,  which  has 
been  generally  adopted  by  chemists,  appears  to  be  based  upon  very  insafficient 
evidence.  He  states  that  its  apparent  sp.  rot.  power  is  two  and  a  half  times  as 
great  as  that  of  inulin  itself:  hence  [a]j  =  —  44°*9  x  2 '5=—  112°"  25;  assuming 
the  determination  to  have  been  made  at  the  ordinary  temperature,  this  value  is 
somewhat  higher  than  that  assigned  to  sucrolsevulose — viz.,  [a]j  =  —  106  at 
14°  (57°'2  F.).  According  to  Dragendorff,  the  product  obtained  by  decom- 
posing inulin  by  heating  it  with  water,*  if  dissolved  in  cold  water,  has  the 
apparent  sp.  rot.  power  Md  =  -  123°!  at  21" — 22°  {6g°-8 — 'ji°-6  F.),  but  if 
the  solution  be  heated  to  about  60°  (140°  F.)  and  then  cooled  previous  to  the 
determination  of  its  optical  activity,  the  apparent  sp.  rot.  power  of  the  substance 
in  solution  sinks  to  about  —  83°.  Sucrolaevulose  is  not  known  to  behave  in 
this  way  4 

Although  the  final  product,  Isevoglucose  is  not  the  only  product  of  the 
action  of  water  on  inulin,  either  alone  or  in  presence  of  acids,  but  apparently  a 
series  of  intermediate  substances  are  formed  just  as  in  the  case  of  starch.  Thus, 
by  heating  inulin  for  only  a  short  time  with  water,  and  precipitating  the  solu- 
tion with  alcohol,  Dragendorff  obtained  a  substance  capable,  like  inulin,  of 
forming  sphoero-crystals,  but  easily  soluble  in  cold  water,  and  much  more 
readily  converted  into  IsBvoglucose  by  boiling  with  water ;  and  which  at  first  also  is 


*  In  order  to  isolate  the  product,  the  solution  is  evaporated  to  a  syrup, 
which  is  mixed  with  4 — 5  vols,  of  absolute  alcohol,  the  mixture  allowed  to 
stand  for  24 — 48  hours,  then  filtered,  the  alcohol  distilled  off,  the  residue 
dissolved  in  a  small  quantity  of  water,  the  solution  decolorised  by  animal 
charcoal,  concentrated  on  the  water  bath,  and  the  residue  exposed  over  sulphuric 
acid. 

f  Dragendorff's  observations  were  mostly  made  with  a  Wild  polarimeter, 
illuminated  by  ordinary  daylight,  but  in  one  case  he  determined  the  rotatory 
power  of  the  same  solution  both  for  ordinary  white  light  and  for  the  yellow 
light  of  a  sodium  flame ;  and  from  the  values  obtained  it  would  appear  that  his 
observations   for   white  light  may   be   reduced  to   values   of  [a]j,  by   division 

by  1-134. 

;|:  Krusemann  (Deut.  chem.  Ges.  JBer.,  ix.  1465)  finds  that  when  inulin 
is  heated  with  water  in  closed  tubes,  the  rotatory  power  of  the  solution  attains 
a  maximum  after  a  certain  length  of  time,  but  then  gradually  falls  as  the 
heating  is  continued ;  this,  however,  is  perhaps  due  to  the  alteration  of  the 
laevoglucose  (Com^).,  p.  602). 
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without  action  on  Fehling's  solution,  but  after  2 — 3  minutes'  boiling  begins  to 
reduce  it.  *  By  heating  for  a  longer  time  with  water,  a  still  more  easily  soluble 
body  is  produced,  as  in  the  previous  case,  together  with  Isevoglucose,  which  can 
only  be  precipitated  by  the  addition  of  a  large  quantity  of  alcohol  to  the  very  con- 
centrated solution;  when  dried  at  130°  (266'' F.),  it  has  the  same  empirical  com- 
position as  inulin,  but  is  optically  inactive,  and  apparently  yields  Isevogluccse  very 
readily  when  warmed  with  water.  The  substance  thus  obtained  by  Dragendorff,  and 
which  he  states  accompanies  inulin  in  plants,  exhibits  a  remarkable  resemblance 
to  Popp's  synanthrose,  which  not  improbably  is  a  member  of  the  (CgH^^OJn 
group  of  carbohydrates,  and  not  a  body  of  the  same  empirical  composition  as 
cane  sugar,  as  supposed  by  Popp.  The  same  intermediate  products  are  formed 
by  the  action  of  dilute  acids,  but  their  separation  is  much  more  difficult,  on 
account  of  the  readiness  with  which  inulin  undergoes  alteration,  and  with  which 
they  are  themselves  altered,  under  the  influence  of  acids. 

From  the  above,  it  will  be  evident  that  our  knowledge  of 
inulin  and  of  its  congeners  is  extremely  imperfect,  and  that 
much  has  yet  to  be  learnt,  both  with  regard  to  the  products  of 
its  decomposition  by  water,  and  also  of  the  carbohydrates  with 
which  it  is  associated  in  plants.  From  the  constant  occurrence  of 
starch  in  the  leaves  of  plants  which  furnish  inulin,  it  can  scarcely 
be  doubted  that  a  genetic  connexion  exists  between  the  two 
bodies,  and  as  starch  invariably  yields  dextrorotatory  products 
when  decomposed  by  artificial  means,  the  study  of  the  manner 
in  which,  perhaps,  it  is  naturally  converted  into  Isevorotatory 
substances  acquires  especial  interest. 

(1575)  Glycogen:  (CgH^QOg)^. — This  carbohydrate,  which 
is  only  known  to  occur  in  animals,  was  discovered  in  1857  by- 
Claude  Bernard  (comp.  Ann.  Chem.  Phys.  [5],  viii.  367).  It 
appears  to  have  a  somewhat  similar  function  to  that  fulfilled  by 
starch  and  inulin  in  plants,  and  to  be  of  great  importance  for  cell 
growth,  as  it  is  found  wherever  this  is  actively  going  on.  It  is 
especially  abundant  in  the  liver -of  vertebrate  animals  during 
digestion,  and  also  occurs  in  the  muscles  and  in  colourless  blood 


*  According  to  Popp  {Ann.  Chem.  JPharm.,  clvi.  190),  if  the  expressed 
juice  of  unripe  dahlia  or  artichoke  tubers  be  precipitated  with  basic  plumbic 
acetate,  &c.  (p.  636),  a  substance  is  obtained,  which  he  terms  inuloid,  very 
closely  resembling  inulin  in  its  properties,  but  considerably  more  soluble  in 
water,  and  of  lower  specific  gravity.  When  dried  over  sulphuric  acid,  it  is  a 
white  amorphous  body  of  the  composition  CgHj^Og  +  OH^,  but  is  rendered 
anhydrous  by  heating  at  about  105°  (221°  F.)j  it  has  the  apparent  sp.  rot. 
power  [a]j  =  34°*5  (calculated  for  the  anhydrous  substance),  and  on  warming 
with  acids  yields  a  product  of  the  apparent  sp.  rot.  power  [a]j  =  —  79°.  It  does 
not  reduce  Fehling's  solution,  but  when  it  is  boiled  with  it  for  some  time  a 
voluminous  flocculent  precipitate  is  obtained.  It  melts  at  about  130° — 135° 
(266° — 275°  F.),  and  is  decomposed  at  higher  temperatures. 

According  to  Dubrunfaut  and  Dragendorff  the  artichoke  also  contains  a 
dextrorotatory  carbohydrate. 

3  T    T 
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corpuscles.  In  the  foetus,  it  is  largely  contained  in  the  lungs, 
placenta  and  muscular  tissue,  but  is  almost  if  not  entirely  absent 
from  the  liver  and  other  glands  and  the  nervous  system ;  after 
birth  it  is  confined  almost  entirely  to  the  liver  and  muscles.  It 
occurs  in  considerable  quantity  in  many  mollusca,  and  has  also 
been  found  in  the  larvae  of  insects,  and  in  the  tapeworm  of  the 
pig.  Apparently  it  is  present  in  the  liver,  and  in  embryonic 
structures,  in  the  solid  state. 

The  amount  of  glycogen  in  the  liver  is  greatest  after  a  meal, 
but  is  quickly  diminished  by  fasting,  the  diminution  being  due  to 
its  conversion  into  a  glucose  under  the  influence  of  an  unor- 
ganised ferment  present  in  the  blood  and  in  the  liver  itself. 
Although  there  is  little  doubt  that  glycogen  is  actually  formed 
(chiefly)  in  the  liver,  it  is  uncertain  from  what  materials  it  is 
produced,  for  not  only  is  the  amount  increased  by  the  use  of  food 
consisting  chiefly  of  carbohydrates,  but  it  continues  to  be  formed 
in  considerable  quantity  when  the  food  consists  of  flesh  alone. 
In  the  present  imperfect  state  of  our  knowledge  of  the  composi- 
tion of  flesh,  however,  we  are  not  justified  on  this  account  in 
assuming  that,  even  when  the  food  consists  of  flesh  alone,  the 
glycogen  is  not  more  or  less  directly  produced  from  carbohydrates, 
as  it  is  by  no  means  improbable  that  these  latter  are  in  a  sense 
pre-existent  in  some  at  least  of  the  albuminous  substances  which 
constitute  flesh — i.e.,  that  they  may  be  formed  from  them  by 
simple  hydration.  The  amount  of  glycogen  in  muscle  is 
diminished  by  activity,  but  is  not  subject  to  such  a  rapid  varia- 
tion as  the  glycogen  in  the  liver. 

Preparation. — It  is  best  prepared  from  liver,  which  must  be  that  of  a 
healthy  animal  killed  an  hour  or  so  after  a  full  meal,  as  otherwise  the  liver 
would  contain  but  little  glycogen.  The  animal  (a  large  well-fed  rabbit  answers 
the  purpose  well)  is  rapidly  killed  by  decapitation,  the  liver  instantly  removed, 
quickly  chopped  into  pieces,  and  thrown  into  a  quantity  of  briskly  boiling  water, 
where  it  is  allowed  to  remain  for  a  short  time,  the  object  being  to  raise  the 
temperature  of  the  liver  as  soon  as  possible  to  ioo°  (212°  F.)  in  order  to  render 
the  ferment  which  it  contains  inactive  ;  the  liquid  is  then  poured  off,  the  liver 
rubbed  to  a  fine  pulp,  and  again  boiled  with  the  water.  The  solution  is  now 
strained  from  the  solid  matter,  filtered,  and  rapidly  cooled  by  placing  the  vessel 
.  containing  it  in  iced  water.  The  albuminous  substances  dissolved  in  the  liquid 
are  best  removed  by  Briicke's  method,  by  the  addition  of  a  solution  of  potassic 
mercuric  iodide,  prepared  by  saturating  a  boiling  solution  of  potassic  iodide  with 
mercuric  iodide,  this  solution  and  hydrochloric  acid  being  added  alternately  as  long 
as  a  precipitate  is  produced  ;  after  standing  a  short  time,  the  precipitate  is  removed 
by  filtration,  and  the  filtrate,  whilst  constantly  stirred,  mixed  with  sufficient  60 
per  cent,  alcohol  to  cause  a  copious  precipitate  of  glycogen.  The  precipitate  is 
collected  on  a  filter  and  washed  with  60  per  cent,  alcohol,  until  the  filtrate  no 
longer  produces  a  turbidity  in  a  solution  of  potassic  hydrate  mixed  with  ammonia 
or  ammonic  chloride  j  it  is  then  washed  with  95  per  cent,  alcohol,  afterwards 
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extracted  with  ether  in  order  to  remove  fatty  substances,  and  finally  dried  in 
vacuo  over  sulphuric  acid. 

According  to  Bizio  (Cowp^.  Rend.,  Ixii.  675),  pure  glycogen  may  also  readily 
be  prepared  from  the  mollusks  Gardium  edule  and  the  oyster,  the  former  yield- 
ing as  much  as  14,  and  the  latter  9*5  per  cent.,  calculated  on  the  amount  of  dry 
substance  they  contain. 

Pure  glycogen  is  a  snow-white,  amorphous,  tasteless  sub- 
stance, which,  after  drying  at  100°  (212°  F.),  has  the  compo- 
sition CgHj^Og.  It  forms  a  paste  with  water,  and  rapidly  dis- 
solves in  it  on  warming,  yielding  an  opalescent  solution,  which 
becomes  perfectly  clear  on  the  addition  of  potassic  hydrate.  It 
exerts  a  powerful  dextrorotatory  action  on  polarized  light,  its 
apparent  sp.  rot.  power  in  aqueous  solution  being,  according  to 
Hoppe-Seyler,  about  three  times  as  great  as  that  of  sucrodextrose. 
It  is  coloured  reddish-brown  by  iodine.  By  the  action  of  con- 
centrated nitric  acid,  it  is  converted  into  a  nitrate,  whilst  on 
boiling  it  with  the  dilute  acid,  oxalic  acid  is  produced.  It  is 
not  altered  by  moderately  concentrated  solutions  of  potassic 
or  sodic  hydrate,  and  does  not  reduce  Fehling's  solution. 

By  the  action  of  dilute  mineral  acids,  and  of  the  unorganized 
ferment  contained  in  malt  extract,  blood,  liver,  saliva,  and  the 
pancreatic  secretion,  glycogen  is  converted,  first  into  a  substance 
corresponding  to  dextrin,  and  then  into  a  body  capable  of  re- 
ducing Fehling's  solution,  which  ferments  in  contact  with  beer 
yeast,  is  coloured  brown  by  alkalies,  and  exerts  a  dextrorotatory 
action  on  polarized  light  (Bernard).  According  to  Berthelot  and 
Luca  (1859,  Compt.  Rend.y  xlix.  213),  the  body  produced  by  the 
action  of  hydrochloric  acid  is  identical  with  sucrodextrose,  its 
compound  with  sodic  chloride  having  precisely  the  same  crystal- 
line form  and  apparent  sp.  rot.  power  as  that  prepared  from  grape 
sugar,  but  they  do  not  state  that  this  conclusion  is  based  on  a 
direct  comparison  of  the  two  compounds.  Probably  they  con- 
trasted their  observations  on  the  glycogen  product  with  those  of 
Pasteur,  published  a  short  time  previously  (1856),  on  the  sodic 
chloride  compound  of  the  dextroglucose  from  diabetic  urine,  and 
as  the  identity  of  the  latter  with  sucrodextrose  is  not  yet  proved 
with  certainty  (comp.  p.  583),  we  must  also  for  the  present  re- 
gard it  as  an  open  question  whether  the  glucose  from  glycogen  is 
sucrodextrose. 

It  is  definitively  established  by  Bernard's  researches  {Ann.  Chim.  JPh^s.  [5], 
ix.  207)  that  the  blood  of  both  carnivorous  and  herbivorous  animals,  even  after 
prolonged  abstinence,  contains  a  dextroglucose  as  one  of  its  normal  constituents. 
Bernard  states  that  this  glucose  is  identical  with  that  present  in  diabetic  urine; 
but  this  conclusion  appears  to  be  based  merely  on  the  qualitative  reactions  which 
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the   impure   glucose  from  blood  exhibits,  and  not  on  a  comparison  of  the  pure 
substances  from  the  two  sources. 

The  glucose  rapidly  disappears  from  the  blood  after  death,  and  also  on  keep- 
ing the  blood  withdrawn  from  an  animal,  but  its  decomposition  may  be  consi- 
derably retarded  by  the  addition  of  a  small  quantity  of  glacial  acetic  acid ;  it  is 
necessary,  therefore,  to  estimate  the  glucose  immediately  after  the  blood  is  with- 
drawn from  the  animal :  the  method  of  doing  this  has  been  fully  described  by 
Bernard  {loc.  cit.,  p.  228). 

The  results  obtained  by  Bernard  appear  to  show  that  the  amount  of  glucose 
in  blood  is  independent  of  the  nature  of  the  food  ;  and  also  that  blood  contains 
a  normal  amount  of  glucose,  even  after  the  animal  from  which  it  is  taken  has 
been  for  a  considerable  time  without  food.  Thus  he  found  in  the  mixed  blood  of 
a  healthy  adult  rabbit  killed  by  decapitation  1*40  pts.  per  looo;  and  in  the 
carotid  artery  of  a  second  similar  animal  1*25  pts  per  1000  of  glucose.  They 
had  been  fed  on  vegetables  and  bread,  and  were  killed  during  the  period  of 
digestion  ;  the  stomach  and  intestines  of  both  contained  "  sugar."  Similarly,  the 
blood  of  four  healthy  adult  dogs  in  full  digestion,  which  for  some  time  previously 
had  been  fed  entirely  on  cooked  beef,  contained  1*45,  1*32,  I'lo,  and  1*24  pts. 
per  1000  of  glucose;  no  trace  of  sugar  could  be  detected  in  the  stomach  or 
intestines  of  any  of  these  animals.  The  venous  blood  of  a  healthy  man,  60 
years  of  age,  partaking  of  a  mixed  diet,  contained  I'ly  pts.  per  1000  of  glucose. 
The  blood  of  a  dog  which  had  for  three  days  been  entirely  deprived  of  food 
contained  i"2i  pts.  per  1000  of  glucose;  while  that  of  another  dog  in  a  feverish 
condition,  which  had  been  the  subject  of  a  physiological  experiment,  and  which 
for  two  days  previously  had  refused  all  food,  contained  1*41  pts.  per  1000  of 
glucose.  The  stomach  and  intestines  of  both  of  these  animals  were  completely 
empty.  The  mixed  blood  of  a  rabbit  which  had  been  deprived  of  food  contained 
1*17  pts.  per  1000  of  glucose. 

Although  the  amount  of  glucose  in  the  mixed  blood  of  animals  is  subject  to 
Considerable  variation,  under  normal  conditions  it  is  comprised  within  the  limits 
of  I  to  3  pts.  per  1000  of  blood:  the  presence  of  a  less  amount  than  i  pt.  per 
1000  being  an  indication  of  deficient  nutrition,  while  if  the  blood  contain  more 
than  3  pts.  per  1000  the  limit  of  saturation,  so  to  speak,  is  exceeded,  and 
glucose  appears  in  the  urine. 

Arterial  blood  contains  sensibly  the  same  amount  of  glucose  from  whatever 
part  of  the  system  it  be  taken — viz.,  on  an  average  from  i  to  i'5  pts.  per  1000. 
Venous  blood,  on  the  contrary,  contains  varying  amounts  of  glucose  in  different 
parts  of  the  system,  but  usually  a  less  amount  than  arterial  blood — viz.,  from 
about  '6  to  I  pt.  per  lOOO;  that  contained  in  the  right  side  of  the  heart  and 
the  vena  cava  inferior  above  the  point  where  the  blood  which  has  passed  through 
the  liver  is  poured  into  it,  however,  is  much  richer  in  glucose  than  the  blood  from 
any  other  part  of  the  body.  For  example,  Bernard  found  in  blood  drawn  from 
the  vena  cava  inferior  at  a  point  below  the  hepatic  vein,  i*o8  pts.  per  1000 
glucose,  but  2*oo  pts.  per  1000  in  blood  drawn  from  the  vena  cava  inferior  of 
the  same  animal  at  a  point  level  with  the  sub-hepatic  veins.  In  another  experi- 
ment the  blood  from  different  parts  of  the  system  was  found  to  contain  in  1000 
pts.  the  following  amount  of  glucose  : 

Blood  from  the  right  jugular  vein   ....        '91 

Blood  from  the  vena  cava  superior  ....       '90 

Blood  from  the  right  carotid  artery  .     .     .     .      I'lo 

Blood  from  the  right  side  of  the  heart       .     .      1*25 

From  these  facts,  it  appears  in  the  highest  degree  probable  that  the  soluble 

carbohydrates  which  are  either  present  in  the  food,  or  are  formed  from  the  insoluble 

carbohydrates  during  digestion  (and  also  a  portion  of  the  albumenoids),  do  not 
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directly  pass  into  the  general  circulation,  but  that  they  are  stored  up  in  the  liver 
in  the  form  of  glycogen ;  the  latter  then  gradually  undergoes  conversion  into 
glucose,  and  in  this  form  is  conveyed  to  the  various  parts  of  the  system,  where 
it  is  perhaps  partially  reconverted  into  glycogen  (in  the  muscles),  and  partially 
undergoes  alterations  in  other  ways. 

(1576)  Cellulose  :  (CgHj^OJu. — This  carbohydrate  con- 
stitutes the  essential  part  of  the  solid  framework  or  cellular 
tissue  of  plants,  but  it  apparently  also  exists  in  the  animal 
kingdom,  as  the  so-called  tunicin  contained  in  the  outer  envelopes 
of  the  Tunicata  or  Ascidia,  according  to  Schoerer  {Ann.  Chem. 
Pharm.,  clx.  312),  is  in  all  respects  identical  with  vegetable 
cellulose.  It  occurs  nearly, pure  in  cotton,  linen,  elder  pith,  and 
in  the  pith  of  the  Aralia  papyrifera,  from  which  rice  paper  is 
prepared ;  but  as  a  rule,  only  the  tissue  of  very  young  cells  con- 
sists of  pure  cellulose,  for  as  the  plant  grows  the  cell  walls  become 
incrusted  with  various  matters.  The  following  analyses  of  raw 
cotton,  wheat  and  barley  straw,  and  of  a  number  of  woods, 
afford  illustrations  of  the  extent  to  which  cellulose  is  associated 
with  other  substances  in  various  vegetable  products  : 


Water. 

Aqueous 
extract. 

Alcohol- 
benzene 
extract. 

Cellulose. 

Incrusting 

substances. 

Cotton  . 

7'00 

•50 

•40 

9i'35 

•87 

Barley  straw    . 

II75 

9-34 

1-99 

49-22 

27-70 

Wheat  straw    . 

10-39 

8-52 

1-58 

49*^7 

30-34 

Alder     .     .     . 

1070 

2-48 

•87 

54-62 

31-33 

Beech    .     .     . 

12-57 

2-41 

•41 

45 '47 

39-14 

Birch     .     .     . 

12-48 

2-65 

1-14 

55-52 

28-21 

Black  poplar    . 

I2-IO 

2-88 

1-37 

6277 

20-88 

Box  ...     . 

12-90 

2-63 

'^3 

48-14 

35-70 

Chestnut     . 

I  2  03 

5*41 

i-io 

52-64 

28-82 

Ebony    .     .     . 

9-40 

9-99 

2-54 

29-99 

48-08 

Fir   ...     . 

13-87 

1-26 

'97 

56-99 

26-91 

Lime 

lO'IO 

3-56 

3"93 

53-09 

29-32 

Mahogany  , 

12-39 

9-91 

1-02 

49-07 

27-6L 

Oak.     .     .     . 

13  12 

12-20 

•91 

39-47 

34-30 

Scotch  fir    .      . 

12-87 

4-05 

1-63 

53-27 

28-18 

Teak      .     .     . 

11-05 

3'93 

374 

43-12 

38-16 

Willow.     .      . 

11-66 

2-65 

1-23 

5572 

28-74 

The  various  matters  which  accompany  cellulose  in  vegetable  structures  are 
usually  included  under  the  three  heads  of  ligneous  matter,  cork  or  cuticular 
substance,  and  intercellular  substance.  Both  ligneous  matter  and  cork,  the 
latter  especially,  are  relatively  richer  in  carbon  and  hydrogen  than  cellulose,  but 
scarcely  anything  is  known  with  certainty  with  regard  to  the  nature  of  tha^ 
numerous  substances  of  which  they  are  composed.  The  cuticular  substance  is 
distinguished  from   cellulose  by  its  greater  solubility  in  alkalies,  and  by  being. 
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more  readily  destroyed  by  the  action  of  nitric  acid,  chlorine,  &g.  ;  cork  espe- 
cially is  characterized  by  its  behaviour  on  oxidation  with  nitric  acid,  which 
converts  it  into  an  acid  of  the  succinic  series,  suberic  acid,  CgH^^O^.  Ligneous 
matter  also  opposes  less  resistance  to  the  action  of  reagents  than  cellulose,  and 
is  converted  without  difficulty  by  the  action  of  chlorine  and  similar  agents  into 
substances  soluble  in  dilute  alkalies,  and  partly  even  in  water  and  alcohol.  The 
intercellular  substance  in  some  cases  consists  of  so-called  pectous  and  muci- 
laginous bodies,  and  in  others  exhibits  the  characters  of  ligneous  matter.  For 
a  full  description  of  the  formation  of  cellular  tissue  in  plants,  and  of  the  manner 
in  which  the  cellulose  becomes  incrusted  with  various  matters,  the  student  is 
referred  to  Sachs's  "  Text-Book  of  Botany."  It  may  here  be  pointed  out  that 
we  are  also  ignorant  of  the  nature  of  the  so-called  humus  substances  which  are 
formed  by  the  gradual  decay  of  vegetable  matter  and  of  woody  fibre ;  the  crude 
products  have  been  analysed  by  Mulder  and  others,  and  formulae  have  even  been 
attributed  to  them,  but  as  they  are  entirely  devoid  of  distinctive  properties,  and 
do  not  admit  of  separation  and  purification  by  any  of  the  methods  at  present 
known,  the  results  which  have  been  obtained  are  of  very  little  value.  From 
Pasteur's  experiments  it  appears  that  the  decay  of  vegetable  substances,  and 
indeed  of  organic  matters  generally,  is  neither  a  spontaneous  process  nor  merely 
the  result  of  slow  oxidation  at  the  expense  of  atmospheric  oxygen,  but  that  it  is 
in  gi-eat  part  at  least  due  to  the  mediation  of  low  organisms,  the  germs  of 
which  are  present  in  the  atmosphere ;  thus  he  has  found,  for  example,  that  when 
moistened  sawdust  is  exposed  to  a  current  of  air  it  generates  carbonic  anhydride 
abundantly,  whereas  if  it  be  previously  heated  to  destroy  the  germs,  and  every 
precaution  be  taken  to  remove  them  from  the  apparatus  in  which  the  experiment 
is  carried  out,  and  from  the  air,  no  appreciable  oxidation  takes  place. 

Estimation  of  Cellulose. — The  analyses  above  given  are  taken  from  Dr.  Hugo 
Miiller's  article  (150  pp.):  Die  Ffianzenfaser  und  ihre  Aufbereitung  fur  die 
Technik,  in  Hofmann's  BericM  uber  die  Entwichelung  der  chemischen  In- 
dustrie wdhrend  des  letzten  Jahrzehends  (1877).  In  this  most  valuable 
work  an  account  is  given  of  the  various  materials  in  use  for  the  manufacture  of 
paper,  and  of  the  modes  of  treating  them,  and  also  of  a  large  number  of  other 
cellulose-yielding  vegetable  substances. 

The  method  employed  by  Dr.  Miiller  for  estimating  the  cellulose  is  one  devised 
by  himself,  and  as  it  appears  to  possess  some  advantages  over  that  of  Schulze,  which 
has  hitherto  been  generally  adopted,  it  may  here  be  described.  About  2  grams  of 
the  material  to  be  examined  are  dried  at  110° — 115°  (23o''-^239°  F.),and  if  it 
contain  any  considerable  quantity  of  fat,  wax,  or  resin,  it  is  first  exhausted  with  a 
mixture  of  strong  alcohol  and  benzene,  and  then  extracted  by  boiling  several 
times  with  water,  or  very  dilute  amimonia.  The  softened  mass,  if  not  already 
sufficiently  divided,  is  next  triturated  in  a  mortar  with  a  boxwood  pestle ;  in 
the  case  of  woods,  however,  if  fine  shavings  be  employed,  further  division  in  this 
manner  is  unnecessary.  It  is  now  transferred,  with  too  cc.  of  water,  to  a 
capacious  wide-mouthed  stoppered  bottle,  and  5  or  10  cc.  of  an  aqueous  solution 
of  bromine,  containing  2  cc.  of  the  latter  in  500  cc.  of  water,  are  added  accord- 
ing to  the  nature  6f  the  material.  In  the  case  of  the  purer  bark  fibres,  such  as 
flax  and  hemp,  the  yellow  colour  of  the  liquid  only  slowly  disappears,  but  with 
straw  and  woods  it  disappears  in  a  very  few  minutes.  When  this  happens,  a 
fresh  quantity  of  the  bromine  solution  is  added,  and  the  addition  of  bromine  is 
repeated  until  at  last  the  liquid  retains  its  yellow  colour,  and  bromine  can  still 
be  detected  in  it,  after  standing  12 — 24  hours.  The  substance  is  now  filtered 
from  the  liquid,  washed  with  water,  and  heated  nearly  to  boiling  with  about 
500  cc.  of  water  to  which  2  cc.  of  liquid  ammonia  are  added ;  this  causes  all 
crude  vegetable  fibres  and  woods  to  assume  a  more  or  less  intense  dark  brown 
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colour,  and  the  liquid  is  similarly  coloured.  The  undissolved  matter  is  then 
separated  by  tiltration,  washed,  returned  to  the  bottle,  again  treated  with 
bromine  solution  as  before,  and  when  the  action  of  the  bromine  is  completed, 
exhausted  with  dilute  ammonia.  A  second  treatment  is  usually  sufficient  in  the 
case  of  the  purer  bark  fibres,  but  tissues  which  are  more  completely  lignified 
require  a  third  and  even  fourth  treatment  in  order  to  free  the  cellulose  completely 
from  foreign  substances.  The  operation  may  be  considered  to  be  at  an  end  when, 
after  standing  24  hours  with  very  dilute  bromine  solution,  on  treating  the  washed 
residue  with  warm  dilute  ammonia,  the  liquid  is  no  longer  coloured.  By  this 
treatment  the  vegetable  tissue  gradually  becomes  disintegrated,  and  finally,  alter 
washing  with  water  and  then  with  boiling  alcohol,  a  brilliant  white  mass  of 
isolated  cells  is  obtained.     This  is  dried  and  weighed. 

In  order  to  ascertain  the  amount  of  the  other  substances  which  accompany 
cellulose — viz.,  of  the  substances  soluble  in  water,  of  fatty,  resinous,  and  waxy 
matters,  of  pectous-like  substances,  and  of  incrusting  matters,  five  grams 
of  the  comminuted  tissue  are  extracted  by  boiling  five  times  with  water, 
using  100  cc.  each  time,  and  then  dried;  they  are  next  exhausted  with 
a  mixture  of  benzene  and  alcohol,  which  removes  fat,  wax,  &c. ;  then  the 
residue  is  several  times  boiled  with  dilute  ammonia,  which,  in  most  cases,  dissolves 
a  considerable  quantity  of  colouring  matter  and  of  pectous  substances,  the 
amount  of  which  may  be  estimated  by  evaporating  the  solution  to  dryness ;  and 
finally,  the  mass  is  submitted  to  the  treatment  with  bromine,  &c.,  above 
described.  After  the  cellulose  has  been  dried  and  weighed,  it  may  be  four  or 
five  times  boiled  (each  time  with  100  cc.)  of  a  i  per  cent,  solution  of  crystal- 
lized sodic  carbonate,  and  from  the  loss  of  weight  which  it  suffers,  the  amount 
of  the  more  soluble  modification  of  cellulose  present  in  most  vegetable  fibres  may 
be  approximately  determined. 

Cellulose  bears  a  very  close  genetic  relation  to  starch,  being 
in  all  probability  more  or  less  directly  formed  from  it ;  but  it  is  a 
much  more  stable  substance,  and  is  not_,  like  starch,  readily 
rendered  soluble.  Nevertheless  it  is  undoubtedly  in  some  cases 
deposited  as  a  reserve  material,  as  in  the  endosperm  of  the  date 
for  example,  the  greater  part  of  the  hard  kernel  of  which  con- 
sists of  cellulose,  which  is  gradually  dissolved  during  germination  ; 
the  mucilaginous  substances  which  are  met  with  in  certain  plants, 
and  some  at  least  of  the  substances  which  cause  lignification  and 
cuticularisation  are  perhaps  also  products  of  the  partial  alteration 
of  the  cellulose  of  the  cell  walls. 

Pure  cellulose  may  readily  be  obtained  from  any  of  the 
purer  forms  in  which  it  occurs  naturally,  such  as  cotton  or  elder 
pith,  or  from  unsized  paper  or  old  linen,  by  submitting  them  to 
the  action  of  bromine,  &c.,  in  the  manner  above  described. 

Cellulose  is  a  white,  odourless,  tasteless,  very  hygroscopic 
substance,  of  the  sp.  gr.  about  1*45,  insoluble  in  all  ordinary 
menstrua;  the  only  liquid  apparently  in  which  it  is  soluble 
without  change  is  a  solution  of  cuprammonic  hydrate. 

This  solution  is  most  conveniently  prepared  by  dissolving  cupric  hydrate  to 
saturation  in  ammonia,  the  cupric  hydrate  for  this  purpose  being  precipitated 
from  a  solution  of  cupric  sulphate  in  presence  of  ammonio  chloride   by  sodic. 
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hydrate,  well  washed  by  decautation  and  then  on  a  filter,  and  preserved  under 
water.  It  cotton  wool  or  paper  be  placed  in  contact  with  this  solution,  it 
assumes  a  gelatinous  condition,  and  on  agitation  gradually  dissolves,  forming  a 
viscid  solution,  which  may  be  iiltered  after  dilution  witii  water.  On  neutralizing 
the  filtrate  with  hydrochloric  acid,  the  cellulose  separates  as  a  gelatinous  precipi- 
tate resembling  aluminic  liyilriite,  which,  when  dried,  forms  a  transparent, 
l)rittle,  honidike  ma>s  ;  it  may  also  be  precipitated  by  carbonic  anhydride  and 
by  many  neutral  substances,  such  as  sugar  or  sodic  chloride,  and  even  water  in 
large  quantity  causes  its  gradual  separation.  Cellular  tissue,  as  a  rule,  how- 
ever, i.-<  not  directlv  soluble  in  the  cuprammonic  hydrate  solution,  but  may  be 
rendereii  solub-le,  in  some  cases  by  nuu'e  drying  at  about  150°  (302°  F.),  or  by 
i)oiling  with  water,  and  in  others  by  treatment  v/ith  dilute  alkaline  and  acid 
solutions  :  highly  lignified  tissue  becouies  soluble  only  after  treatment  with 
oxidizing  agents,  S^c. 

Cellulose  is  not  coloured  by  iodine  solution  alone^  or  at  most 
assumes  a  yellow  or  brownisli  colour^  but  in  presence  of  hydriodic 
iicil,  potassic  or  zincic  iodide^  sulphuric  or  pliosplioric  acid^  and 
ziiicic  chloride  it  is  coloured  ])lue  l}y  iodine  ;  concentrated  sul- 
phuric acid  and  a  concentrated  solution  of  zincic  chloride  espe- 
cially favour  the  production  of  the  ])lue  colour.  Tiiese  substances 
apparctitly  do  not  act  by  removing  impurities^  or  by  causing  the 
cellulose  to  swell  up  with  water^,  for  if  a  portion  of  cellular 
tissue  be  treated  with  any  one  of  the  reagents  wliich  induce  the 
b'uc  colour^  and  be  then  freed  from  it  by  washing,  it  is  not  then 
coloured  blue  by  iodine  ;  and  cotton  wool,  for  example,  which  has 
];e  n  boiled  wdth  dilute  hytlrochloric  or  nitric  acid,  or  dissolved 
in  ct:prammonic  hydrate,  neutralized  and  washed,  is  also  not 
coloured. 

Cellulose  has  but  a  very  slight  tcndciicy  to  form  metallic 
derivatives. 

It  is  not  appreciably  altered  by  cold  moderately  concentrated  solutions  of 
potassic  or  sodic  hydrate,  but  in  very  concentrated  solutions  it  swells  up  and 
gradually  dissolves ;  apparently  the  liquid  at  first  contains  unaltered  cellulose, 
(perhaps  in  the  form  of  a  potassic  derivative),  which  may  be  precipitated  by  the 
additi  -:i  of  water,  but  it  is  said  that  alteration  soon  takes  place,  and  that  at  first 
a  sub.t;uice  is  produced  which  is  coloured  blue  by  iodine,  then  a  dextrin-like 
substciice,  and  finally  a  glucose.  Cellulose  (in  tlio  form  of  filter  paper)  has  the 
propeity  of  absorbing  an  appreciable  amount  of  baric  hydrate  from  dilute 
holuti  JUS  of  tfie  latter,  from  which  it  cannot  bo  freed  by  v/ashing  with  water 
(AI idler,  Zrlt.  anal.  Chcm.,  i.  84).  It  appears  also  to  form  plumbic  derivatives 
(Muldtr,  Jr^/re.v/y.  1863,  565).  Its  dissolution  in  a  solution  of  cuprammonic 
hydi'ate  is  not  improlxibly  due  to  the  formation  of  a  metallic  derivative. 

li  cott(jn  wool  or  Swedish  filter  paper  be  heated  at  180°  (356°  I\)  for  1-2 
hours  with  6-8  pts.  acetic  anhydride,  it  is  entirely  dissolved  and  converted  into 
Liie  triacetate,  CJ  I. (CJ  I.  ())()„,  wliich  may  be  separated  by  pouring  the  syrup 
into  wat(M- ;  in  the  j)ure  sta.te,  it  is  a  white  powdei-,  soluble  in  glacial  acetic  acid 
and  conceiitra.ted  sulj)huric  acid,  and  is  very  easily  converted  iiito  cellulose  and 
acetal.e  by  hfjiiing  with  dilute  alkali.  The  acetic  acid  solution  is  entirely  wjth- 
.'Ut  action  on  puJa.ri/,ei]  ligiit.      It  is  not  pos.sible  to  ul^taiu  higher  derivatives  bj 
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the  action  of  a  greater  excess  of  the  anhydride  at  higher  temperatures;  at  lower 
temperatures  the  cellulose  merely  swells  up  in  the  anhydride  without  dissolving, 
forming  lower  acetates  which  cannot  be  separated  from  the  unaltered  substance 
(Schiitzenberger,  Ann.  Chem.  Pharm.,  clx.  75). 

Corresponding  nitrates  are  formed  by  the  action  of  nitric  acid,  and  constitute 
the  well-known  substances  gun  cotton  and  collodion.  If  a  mixture  of  nitric 
and  sulphuric  acids,  each  in  the  highest  degree  of  concentration,  be  employed, 
the  cellulose  is  converted  into  the  trinitrate,  CgHy(N03)302,  but  by  the  action  of 
acid  mixtures  containing  larger  proportions  of  water,  lower  nitrates  are  produced, 
which,  according  to  Hadow  (Jbwr».  Chem.  Soc,  1854,  vii.  208),  are  represented 
by  the  formulae  0^3H22(N03)3O,  and  C^3H23(N03),03.  The  trinitrate  is  highly 
explosive,  soluble  in  ethylic  acetate,  but  insoluble  in  any  mixture  of  ether  and 
alcohol ;  properly  manufactured  gun  cotton  consists  almost  entirely  of  this  sub- 
stance. The  compound  C^gH22(N03)gOy  is  less  explosive,  and  insoluble  in  acetic 
acid,  but  soluble  in  a  mixture  of  seven  parts  of  ether  and  one  part  of  alcohol, 
whereas  the  compound  CjgH23(N03)yOg  is  largely  soluble  both  in  ether  and  in 
glacial  acetic  acid  ;  ordinary  collodion  is  a  mixture  of  these  two  substances,  but 
the  former,  according  to  Hadow,  is  the  best  fitted  for  photographic  purposes. 
These  nitrates  scarcely  differ  from  the  unchanged  cellulose  in  appearance,  but  if 
pyroxylin  (gun  cotton)  prepared  from  ordinary  cotton  be  examined  by  the  micro- 
scope in  polarized  light  it  is  found  to  have  lost  the  property  of  depolarization  which 
cotton  possesses.  A  solution  of  collodion  has  a  dextrorotatory  action  on  polarized 
liglit,  cellulose  itself  being  apparently  an  optically  inactive  substance.  These  nitrates 
may  be  reconverted  into  cellulose  by  digestion  at  ordinary  temperatures  with  an 
alcoholic  solution  of  potassic  sulphydrate,  or  by  the  action  of  ferrous  chloride  : 
they  are  also  freely  dissolved  by  an  aqueous  solution  of  potassic  hydrate,  by 
which  they  are  decomposed.  A  full  account  of  an  inquiry  into  the  processes 
of  manufacture,  the  composition,  and  the  causes  which  influence  the  stability 
of  gun  cotton,  and  into  its  behaviour  as  an  explosive  agent,  will  be  found  in 
Abel's  papers,  Phil.  Trans.,  1866,  269  ;  1867,  181  ;  1869,  489  ;  and  1874, 
337. 

Cellulose  is  gradually  altered  by  prolonged  boiling  with  dilute 
hydrochloric  or  sulphuric  acid,  but  it  does  not  entirely  withstand 
the  action  of  boiling  water  alone,  and  at  higher  temperatures  it 
is  decomposed  by  water  without  difficulty.  Thus,  according  to 
Hoppe-Seyler  {Deut.  chem.  Ges.  Ber.,  iv.  15),  if  Swedish  filtering 
paper  be  heated  with  water  at  200°  (392°  F.),  for  ^4 — 6  hours, 
it  becomes  browned,  while  the  liquid  assumes  a  yellow  colour, 
and  contains  glistening  particles  and  brown  substances  in  sus- 
pension j  on  opening  the  tubes  carbonic  anhydride  escapes,  and 
the  solution  contains  no  inconsiderable  quantity  of  formic  acid 
and  pyrocatechol. 

Concentrated  hydrochloric  and  sulphuric  acids  dissolve  cellu- 
lose, and  are  said  to  convert  it,  in  the  first  instance,  into  a  sub- 
stance which  is  coloured  blue  by  iodine  alone,  and  swells  up 
considerably  in  water,  but  without  dissolving ;  a  soluble  '^  modi- 
fication of  cellulose'^  is  next  formed,  together  with  a  dextrin-like 
substance,  having  a  less  powerful  dextrorotatory  action  on  polarized 
light  than  starch  dextrin,  and  if  the  solution  be  largely  diluted 
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with  water  and  boiled,  a  glucose  is  formed.  We  have  no  certain 
knowledge  of  any  of  these  products,  however,  for  none  of  them 
have  been  examined  in  the  pure  state.  Girard  has  recently- 
stated  (Ann.  Chim.  Phys.  [5],  ix.  116)  that,  if  purified  cotton 
wool  be  immersed  for  twelve  hours  in  sulphuric  acid  of  45° 
Beaume,  it  does  not  appreciably  alter  in  appearance,  but  if  it 
be  perfectly  freed  from  acid  by  washing,  and  dried  at  a  low 
temperature,  it  forms  a  friable  mass  which,  if  rubbed  between  the 
fingers,  at  once  becomes  reduced  to  a  snowy  white  powder ;  this 
product,  according  to  Girard,  has  the  composition  CjgHggOjj, 
being  formed  from  cellulose  by  the  fixation  of  the  elements  of 
water,  and  may  therefore  be  termed  hydrocellulose.  It  is  said  to 
retain  this  composition  after  desiccation  (at  what  temperature  is 
not  stated) ;  if  heated  for  several  days  to  50°  (i  22°  F.),  it  gradu- 
ally absorbs  oxygen,  and  assumes  a  yellow  colour,  and  on  treating 
it  with  water  a  residue  of  the  unaltered  substance  is  obtained, 
and  a  yellow  solution,  which  reduces  Fehling^s  liquid ;  it  is  also 
slowly  dissolved  and  decomposed  on  digestion  with  a  1  per  cent, 
solution  of  potassic  hydrate. 

When  unsized  paper  is  plunged  for  a  few  seconds  into  a  mixture  of  equal 
volumes  of  concentrated  sulphuric  acid  and  water,  then  washed,  first  with  water, 
then  with  dilute  ammonia,  and  lastly  with  water  again,  it  acquires  considerable 
toughness,  in  consequence  apparently  of  the  conversion  of  the  outer  surface  of 
cellulose  into  a  substance  by  which  the  fibres  are  cemented  together.  A  con- 
centrated solution  of  zincic  chloride  has  a  similar  action.  Paper  thus  prepared 
is  known  under  the  name  of  vegetable  parchment,  from  its  resemblance  to 
parchment  in  toughness  and  appearance ;  it  has  many  practical  uses,  and  may  be 
substituted  for  bladder  as  a  septum  for  dialysis. 

Cellulose  is  gradually  altered  by  prolonged  boiling  with 
alkalies,  but  much  less  readily  than  by  acids.  It  is  said  that  if 
it  be  heated  with  potassic  hydrate  at  160°  (320°  F.),  and  the  mass 
be  dissolved  in  water,  a  solution  is  obtained  from  which  acids 
precipitate  a  substance  having  the  general  properties  of  cellulose, 
but  which  is  soluble  even  in  cold  solutions  of  alkalies.  According  to 
Peligot,  if  cellulose  moistened  with  water  be  submitted  to  distil- 
lation with  an  equal  weight  of  potassic  hydrate,  methylic  alcohol 
distils  over,  and  the  residue  contains  potassic  oxalate.  A  large 
amount  of  oxalate  is  also  formed  on  heating  cellulose  with  a 
mixture  of  potassic  and  sodic  hydrates  ;  this  reaction,  in  fact,  is 
made  use  of  for  the  preparation  of  oxalic  acid  on  the  large 
scale  (q.  v.). 

When  subjected  to  destructive  distillation,  cellulose  yields  a 
considerable  amount  of  carbonaceous  matter,  together  with 
carbonic  anhydride,   methane,  methylic  alcohol,  and  acetic  acid 
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as  chief  products;  pyrocatechol  is  also  formed^  and  doubtless 
other  substances  are  produced.  It  is  scarcely  necessary  to  point 
out  that  the  products  of  the  destructive  distillation  of  wood  are 
only  in  part  derived  from  cellulose. 

Little  is  known  of  the  behaviour  of  cellulose  with  oxidizing 
agents.  It  yields  oxalic  acid  in  abundance  when  boiled  with 
moderately  concentrated  nitric  acid ;  it  is  slowly  oxidized  by 
chlorine  in  presence  of  water^  and  also  by  bleaching  powder 
solution^  and  on  treatment  with  a  concentrated  solution  of  the 
latter  yields  a  small  amount  of  carbonic  anhydride^  together  with 
a  syrupy  mixture  of  substances^  partly  possessed  of  acid  characters, 
soluble  in  water  (Hugo  Miiller).  It  is  also  slowly  oxidized  in 
contact  with  ferric  and  manganic  oxides;  hence  the  destruction 
of  cotton  and  linen  fabrics  by  rust  spots. 

Gums — Pectous  Substances — Vegetable  Mucilage. 

These  terms  are  applied  to  a  variety  of  vegetable  products  of 
the  nature  of  which  at  present  very  little  is  known  ;  they  pro- 
bably, however,  all  belong  to  the  class  of  carbohydrates  :  i.e., 
they  are  compounds  of  carbon,  hydrogen  and  oxygen  containing 
either  six,  or  some  simple  multiple  of  six,  atoms  of  carbon  in 
their  molecules,  the  hydrogen  and  oxygen  being  present  in  the 
same  relative  proportions  as  in  water. 

(1577)  Aeabin,  Metaeabin,  Paraeabin. — According  to  the  researches  of 
Scheibler  {Beut.  chem.  Ges.  Ber.,  1868,  i.  58  and  108  j  1873,  vi.  612)  and 
Reichardt  [ibid.,  1875,  viii.  807),  fleshy  roots,  such  as  the  sugar  beet  and  carrot, 
contain  two  carbohydrates,  metarabin  and  pararabin,  insoluble  in  water,  which 
may  be  rendered  soluble,  the  former  by  alkalies  and  the  latter  by  acids ;  pararabin 
is  apparently  not  altered  by  this  treatment,  but  metarabin  is  converted  into 
soluble  arabin,  which  may  also  be  formed  from  pararabin  by  heating  it  with 
alkali.  The  following  method  of  preparing  arabin  from  sugar  beet  is  recom- 
mended by  Scheibler  : — The  fresh  pulp  having  been  freed  as  completely  as 
possible  from  the  juice  by  pressure,  the  press-cake  is  broken  into  fragments,  and 
immersed  for  several  hours  in  alcohol  {2>6 — 90  per  cent.  Tr.) ;  the  alcoholic 
solution  is  then  expressed,  and  the  residue  again  similarly  treated.  The  soluble 
substances  are  thus  almost  completely  removed.  The  dry  mass  is  now  thrown 
into  boiling  water  and  heated  with  it  for  a  short  time ;  milk  of  lime  is  then 
added  to  strong  alkaline  reaction,  and  the  whole  heated  for  some  time  in  the 
water  bath.  The  solution  is  then  separated,  the  dissolved  calcic  hydrate  pre- 
cipitated by  carbonic  anhydride,  the  filtrate  evaporated  to  a  small  bulk  in  the 
water  bath,  then  filtered,  rendered  strongly  acid  with  acetic  acid,  and  precipitated 
with  a  large  excess  of  strong  alcohol.  After  a  time,  the  solution  is  poured  off, 
the  precipitate  dissolved  in  a  small  quantity  of  water,  the  hquid  filtered,  if 
necessary,  and  again  precipitated  with  alcohol ;  these  operations  are  several  times 
repeated.  Finally,  the  product  is  dissolved  in  a  small  quantity  of  water,  and 
sufficient  alcohol  added  to  the  solution  to  precipitate  only  a  small  proportion  of 
the  arabin ;  after  standing  several  daj^s,  the  clear  liquid  is  syphoned  off  from  the 
deposit,  which  contains  most  of  the  impurities,  and  the  arabin   remaining  in 
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solution  is  precipitated  by  alcohol.  It  cannot,  however,  be  entirely  freed  from 
ash  constituents  in  this  manner.  The  amount  of  arabin  in  beet  varies  greatly 
in  different  seasons. 

When  dry,  arabin  thus  prepared  has  the  composition  O^Ji^p^^*  and  in 
most  of  its  properties  exhibits  the  closest  resemblance  to  purified  gum  arable. 
Its  solutions  in  water  have  about  the  same  sp.  gr.  as  solutions  of  cane  sugar  of 
the  same  strength.  It  does  not  reduce  Fehling's  solution.  Most  frequently  it 
exerts  a  powerful  Isevrorotatory  action  on  polarized  light,  but  occasionally  the 
product  obtained  in  the  manner  above  described  has  a  slight  dextrorotatory 
action.  It  undergoes  inversion  when  heated  with  dilate  sulphuric  acid,  the 
solution  acquiring  the  property  of  reducing  cupric  salts,  and  of  deviating  the 
plane  of  polarization  powerfully  to  the  right ;  the  product  consists  of  arabinose 
(1560)  and  a  glucose  (?)  which  has  not  yet  been  isolated  in  the  pure  state,  but 
is  apparently  of  lower  rotatory  power. 

Pararabin  is  prepared  from  beet  or  carrot  pulp,  freed  from  all  soluble  matters 
by  lixiviation  with  water  and  alcohol,  by  digesting  it  for  some  hours  with  a 
I  per  cent,  solution  of  hydrochloric  acid,  then  heating  to  boiling,  and  precipitating 
the  expressed  liquid  with  alcohol;  it  separates  as  a  gelatinous  mass,  or  in 
flocculi.  The  precipitate  is  completely  freed  from  acid  by  washing  with  alcohol, 
and  then  dried  at  100°  (212°  F.).  It  is  a  white  pulverulent  substance,  of  the 
same  composition  as  arabin,  which  swells  up  in  water,  and  dissolves  on  heating  or 
on  the  addition  of  an  acid,  but  is  repvecipitated  by  alcohol  and  by  alkalies.  It 
is  not  converted  into  arabinose  by  the  action  of  acids,  but  on  warming  it  with  an 
alkali  it  is  gradually  dissolved  and  converted  into  a  substance  having  all  the 
properties  of  arabin,  amongst  others,  that  of  yielding  arabinose  when  acted  upon 
by  acids  (Reichardt). 

Gum  Arabic. — This  substance  is  the  dried  exudation  from  the  bark  of  various 
species  of  Acacieas  growing  in  Arabia,  Egypt,  Senegambia,  &c.  The  appearance 
of  gum  is  too  well  known  to  need  description  j  it  dissolves  very  slowly  in  about  an 
equal  weight  of  water  at  ordinary  temperatures,  forming  a  thick,  glutinous,  slightly 
opalescent  liquid,  having  a  mawkish  taste  :  it  is  a  colloid  substance,  difi'using  with 
extreme  slowness  through  parchment  paper,  and  organized  membranes.  Even 
the  most  carefully  selected  pieces  of  gum  arable  yield  from  2" 7  to  4  per  cent,  of 
ash  on  incineration,  consisting  mainly  of  calcic  carbonate,  but  containing  also 
magnesic  and  potassic  carbonates ;  by  repeatedly  precipitating  a  solution  of  gum  in 
water  acidulated  with  hydrochloric  or  acetic  acid  with  alcohol,  it  may,  however,  be 
almost  entirely  deprived  of  mineral  matters.  According  to  Neubauer,  gum  thus 
purified  and  perfectly  freed  from  acid  by  washing  with  alcohol,  is  a  milk-white 
amorphous  substance,  which  as  long  as  it  remains  moist  dissolves  easily  in  water, 
forming  a  distinctly  acid  solution,  having  the  power  of  liberating  carbonic  anhy- 
dride from  sodic  carbonate ;  the  solution  is  not  precipitated  by  pure  alcohol,  but 
the  addition  of  the  merest  trace  of  an  acid  or  of  a  salt  is  sufficient  to  determine 
the  separation  of  the  gum  j  it  is  not  precipitated  by  normal  or  basic  plumbic 
acetate,  except  in  presence  of  ammonia.  After  the  gum  has  been  perfectly  dried, 
either  in  the  air  or  at  ioo°  (212°  F.),  it  is  no  longer  soluble,  even  in  hot  water, 
merely  swelling  up  in  it  to  a  gelatinous  mass,  but  if  baric,  calcic,  potassic  or 
sodic  hydrate  be  added,  it  gradually  dissolves,  forming  a  solution  which  is  indis- 
tinguishable from  ordinary  gum  :  ordinary  gum,  in  fact,  apparently  consists  of 
calcic,  magnesic,  &c.,  derivatives  of  the  substances  which  constitute  the  purified 


*  The  properties  of  arabin  are  so  totally  different  from  those  of  cane  sugar 
and  its  congeners  that  it  may  be  doubted  whether  this  formula  really  expresses 
its  composition ;  it  much  more  nearly  resembles  the  dextrins  in  its  properties. 
Scheibler  does  not  state  at  what  temperature  his  arabin  was  dried. 
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gum.  Gum  may  also  be  purified  from  mineral  substances  by  submitting  a  con- 
centrated solution,  acidulated  with  about  5  per  cent,  of  hydrochloric  acid,  to  dialysis, 
stopping  the  process  when  the  whole  of  the  acid  has  passed  through  the  dialyser. 
According  to  Barfoed  {Journ.  'pr.  Chem.  [2],  xi.  186),  the  conversion  of  the 
soluble  modification  of  purified  gum  into  the  insoluble  variety  depends  not  only 
upon  its  purity  and  state  of  dryness,  but  also  on  the  treatment  to  which  the  ordi- 
nary gum  employed  has  been  previously  submitted.  It  takes  place  more  readily 
when  the  gum  is  heated  in  the  dry  state  before  dissolving  it  in  water,  and  less 
readily  if  the  solution  of  gum  has  been  kept  for  a  considerable  time,  or  has  been 
warmed,  before  adding  acid  and  precipitating  with  alcohol ;  in  fact,  purified  gum 
prepared  from  a  solution  of  gum  arable  which  has  been  kept  for  twenty-four 
hours  at  the  temperature  of  boiling  water  may  be  dried  at  100°  (212°  F.) 
without  becoming  insoluble,  but  is  converted  into  the  insoluble  modification  at 
higher  temperatures. 

When  oxidized  by  moderately  dilute  nitric  acid,  gum  arabic  yields  mucic  and 
saccharic  acids  and  oxidation  products  of  these  latter.  By  heating  it  with  water 
and  bromine  at  100°  (212^  F.),  and  neutralizing  the  solution  with  argentic 
hydrate,  &c.,  Hlasiwetz  and  Barth  {Ann.  Chem.  Phm'm.,  cxxii.  no)  obtained  an 
acid  having  the  same  composition  and  the  properties  of  the  acid  formed  in  a 
similar  manner  from  milk  sugar  (p.  611),  with  the  exception  that  its  rotatory 
power  was  slightly  greater. 

If  it  be  heated  with  twice  its  weight  of  acetic  anhydride  at  150°  (302°  F.), 
gum  arabic  does  not  dissolve,  but  is  converted  into  a  substance  which  after  wash- 
ing with  boiling  water,  and  then  with  alcohol,  forms  a  white  amorphous  powder, 
which  is  converted  by  alkalies  into  soluble  gum ;  it  has  the  composition 
CfLJiG^llfiX^z-  By  heating  at  180°  (356°  F.)  with  a  greater  excess  of  the 
anhydride,  a  pentacetate,  C^^^.{Qfifi,^0^,  having  similar  properties,  is  formed 
(Schiitzenberge^'j  ibid.,  clx.  80).  Although  gum  exhibits  marked  acid  characters, 
the  number  of  hydrogen  atoms  in  it  which  can  be  displaced  by  metals  is  very 
small ;  thus,  according  to  Neubauer,  the  calcium  derivative  formed  by  boiling  a 
solution  of  purified  gum  with  excess  of  calcic  hydrate,  and  precipitating  with 
alcohol,  when  dried  at  100°  (21  2°  F.),  has  the  composition  CsiO{C^]l^Jd^^. 

Purified  gum  arabic  dried  at  100°  (212'^  F.)  has  the  composition  C^.^H.^^Oj^ 
but  judging  from  its  properties,  it  is  not  improbable  that  it  is  incompletely  deprived 
of  the  water  of  hydration  at  this  temperature,  and  that  in  the  anhydrous  state 
its  composition  is  represented  by  the  formula  (CgH^QOg)^.  It  is  undoubtedly  a 
mixture  of  several  carbohydrates.  According  to  Scheibler  {Deut.  chem.  Ges. 
Ber.,  vi.  612),  it  yields  the  same  products  as  sugar  beetarabin  on  treatment  with 
sulphuric  acid,  but  the  various  kinds  furnish  diff'erent  amounts  of  arabinose,  and 
also  act  differently  on  the  polarized  ray  both  before  and  after  inversion.  The 
results  which  Scheibler  obtained  in  the  case  of  a  number  of  samples  of  commer- 
cial gum  arabic  are  exhibited  in  the  following  table : 


Per  cent. 

of 
ashes. 

Apparent 
sp.  rot. 
power 

After  inversion. 

Description. 

Apparent 
sp.rot.power. 

Cuprie  oxide, 

red.  power  of 

prod,  frona 

100  pts. 

Gum  Arab.  Levantine  nat.    .     .     . 

„       „       Levantine  elect. .     .     . 

„       „       Sennary  elect.     . 

Sennary  in  granis   .     . 

„     Senegal  de  fleuve    .... 
Purified  gum  Arabic 

3-50 
3-50 
279 

3-24 

4'44 
•34 

-.9> 
-30  -o 

+  37°-3 
+  46°-i 
-28°-8 

4-42°-4 

+  46°- 1 

+  36°-9 
+  54°-6 
+  73-8 

-^38°-5 
+  83°-5 

6o*o 
53-4 
48-3 

50-9 
611 

79'i 
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A  relatively  much,  larger  amount  of  arabinose  is  obtained  from  sugar  beet 
arabin  than  from  gum  arabic,  some  specimens  of  which  furnish  very  little 
arabinose,  but  a  large  quantity  of  a  syrupy  "  sugar ;"  it  has  not  yet  been 
shown,  however,  that  this  latter  is  the  same  whether  obtained  from  sugar  beet 
arabin  or  from  gum  arabic  arabin,  so  that  at  present  it  is  but  a  mere  guess  to 
say  that  the  various  arabins  are  mixtures  of  the  same  constituents  in  different 
proportions. 

To  prepare  arabinose,  arabin  or  gum  arabic  is  heated  with  dilute  sulphuric  acid 
for  2 — 3  hours  on  the  water  bath,  the  solution  is  then  neutralized  with  baric 
carbonate,  the  filtrate  evaporated  to  a  syrup,  and  mixed  with  2 — 3  vols,  of 
90  per  cent,  alcohol ;  the  alcohol  is  then  distilled  oif  from  the  filtrate,  and  the 
residue  concentrated  to  a  syrup.  The  arabinose  gradually  crystallizes  from  this 
syrup,  and  is  purified  by  recrystallization ;  its  separation  may  be  facilitated  by 
the  addition  oi  a  few  crystals  of  arabinose. 

Cherry  tree  and  Bassora  gum,  and  gum  tragacanth,  which  are  only  partially 
soluble  in  water,  are  apparently  mixtures  of  bodies  either  identical  with,  or  very 
closely  allied  to,  the  soluble  and  insoluble  modifications  of  gum  in  the  so-called 
arabin  and  metarabin,  but  very  little  is  known  of  their  chemical  behaviour 
(comp.  Giraud,  Comjpt.  "Rend.  Ixxx.  477).  Gum  tragacanth  is  the  exudation  from 
the  stem  of  several  species  of  Astragalus  ;  according  to  Yon  Mohl  and  Wigand's 
investigations,  it  is  not  simply  the  dried  juice  of  the  plant,  but  is  produced  by  a 
metamorphosis  of  the  cellular  tissue,  and  hence  there  can  be  little  doubt  of  its 
close  genetic  relation  to  cellulose. 

Pectous  Substances. — This  name  has  been  given  to  a  number  of  amorphous 
Tincrystallizable  substances  extracted  from  plant  tissues  by  boiling  with  water,  or 
with  dilute  acids  or  alkalies ;  but  in  all  probability  the  bodies  which  have  long 
been  known  by  this  name,  and  to  which  Fremy  in  1848  assigned 
formulae  which  represent  them  as  containing  relatively  much  less  hydrogen  than 
the  carbohydrates,  judging  from  the  manner  in  which  they  have  been  prepared 
and  from  the  descriptions  given  of  their  properties,  are  in  reality  carbohydrates, 
and  identical  with  the  substances  previously  described  as  parabin,  metarabin,  and 
arabin. 

Vegetable  Mucilage. — At  present  little  is  known  of  the  substances  present 
in  such  large  quantities  in  many  seeds,  such  as  linseed  and  quince-seed,  in  the 
roots  of  the  marshmallow,  in  the  tubers  of  various  species  of  Orchis,  &c.,  which 
swell  up  with  water  to  a  thick  mucilage.  Purified  linseed  mucilage  apparently 
has  the  empirical  composition  CgH^^^Og ;  on  boiling  it  with  dilute  sulphuric  acid, 
a  body  capable  of  reducing  Fehling's  solution,  and  a  gum-like  substance  are  pro- 
duced (Kirchner  and  ToUens,  Ann.  Chem.  Pharm.,  clxxv.  205).  Quince-seed 
mucilage  also  yields  these  substances  when  boiled  with  sulphuric  acid,  but 
together  with  a  considerable  quantity  of  cellulose ;  Kirchner  and  Tollens  regard 
this  latter  as  a  distinct  product  of  the  action  of  the  acid,  and  not  as  a  mere 
mechanical  impurity  (comp.  Sachsse,  op.  cit.). 


Constitution  of  the  Carbohydrates. 

(1578)  It  will  be  evident  from  the  foregoing  description  of 
the  various  carbohydrates  that  our  knowledge  of  most  of  them 
is  extremely  imperfect ;  nevertheless,  sufficient  has  already  been 
learnt  to  enable  us  with  much  probability  to  predicate  the 
probable  character  of  the  relations  which  obtain  between  the 
more  important  members  of  the  group. 
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Judging  from  their  properties,  it  appears  in  the  highest  degree  probable  that 
all  the  carbohydrates,  with  the  exception  of  the  glucoses,  contain  a  greater 
number  of  carbon  atoms  in  their  molecules  than  these  latter ;  there  can  be  no  doubt 
moreover,  that  if  the  molecular  composition  of  the  glucoses  be  represented  by  the 
formula  C^H^fl^,  that  of  the  higher  carbohydrates,  as  we  may  term  the  members 
of  the  C^gHaaOii  and  (CgHjQOj^)n  groups,  must  be  expressed  by  formulae  contain- 
ing some  simple  whole  multiple  of  six  atoms  of  carbon. 

The  conclusion  that  the  molecular  composition  of  the  glucoses  is  expressed  by 
the  formula  CgH^2^g  necessarily  follows  from  their  relation  to  the  hexhydric 
alcohols  mannitol  and  dulcitol,*  which  are  derived  from  the  parafl&n — normal 
hexane  (1546),  CgH^^.  The  conversion  of  the  glucoses  into  these  alcohols,  how- 
ever, also  serves  to  prove  that  the  six  atoms  of  carbon  in  the  former  must  be 
regarded  as  being  in  direct  association  with  each  other  :  while,  on  the  other  hand, 
from  the  extreme  readiness  with  which  the  higher  carbohydrates  are  ultimately- 
converted  into  glucoses  by  mere  hydration,  it  must  be  supposed  that  the  several 
Cg  groups  which  enter  into  their  composition  are  but  indirectly  associated 
together  by  means  of  oxygen,  after  the  manner  of  the  hydrocarbon  radicles  in 
ordinary  ether  for  example,  C^Hg.O.C^Hg. 

There  is  little,  if  any,  positive  evidence  as  to  the  number  of  Cg  groups  which 
are  thus  associated  together  in  the  various  higher  carbohydrates.  The  simplest 
and  apparently  most  probable  hypothesis  in  the  case  of  the  saccharons  or  carbo- 
hydrates similar  in  composition  to  cane  sugar  is  that  they  are  formed  from  two 
molecules  of  glucose  by  the  withdrawal  of  the  elements  of  a  single  molecule  of 
water,  and  that  therefore  the  formula  Cj^HgjO^^  does  not  merely  express  their 
empirical,  but  also  their  molecular,  composition  :  the  formulae  of  the  two  classes  of 
compounds  would  on  this  view  be  as  follows : 

CAAr 

Glucoses.  Saccharons. 


C.HA 


*  Miintz  and  Aubin  {Compt.  Rend.,  Ixxxiii.  12 13)  have  recently  established 
the  identity  of  the  mannitols  obtained  by  the  action  of  nascent  hydrogen  on,  {a)  the 
optically  inactive  glucose  prepared  by  heating  cane  sugar  with  a  small  quantity 
of  water  at  i6o°(320°  P.),  (6)  the  mixture  of  Irevulose  and  dextrose  formed  on 
inversion  of  cane  sugar  by  acids,  (c)  sucrodextrose,  {d)  sucrolaevulose,  and  (e) 
laevoglucose  from  inulin.  The  method  they  adopted  is  founded  on  the  fact  that 
although  mannitol  alone  is  almost  without  action  on  polarized  light,  many  of  its 
derivatives  exhibit  considerable  optical  activity.  The  deviation  (in  scale  divisions) 
caused,  i.  by  an  aqueous  solution  containing  10  grams  of  mannitol  alone  in 
100  cc,  2.  by  a  solution  containing  the  same  amount  of  mannitol  plus  128 
grams  of  borax,  3.  by  a  solution  containing  8  grams  of  mannitol  and  8  grams 
of  sodic  hydrate  in  100  cc,  and  4.  by  a  solution  of  3  grams  of  the  hexnitrate  in 
100  cc.  of  anhydrous  alcohol,  were  as  follows: 


Mannitol 

Mannitol 

Mannitol 

Mannitol 

alone. 

and  borax. 

andNaOH. 

hexnitrate. 

Mannitol  from  inactive  glucose     .     .     . 

-0'2 

+  23-1 

-37 

+  127 

„          „      invert  sugar     .... 

-0-2 

+  22-0 

-3'5 

+  127 

„          „      pure  sucrodextrose       .     . 

-o-i 

+  23-0 

-3'4 

+  12-3 

„          „      pure  sucrolaevulose      .     . 

-o-i 

+  21-6 

-3-2 

+  I2'5 

„          „      inulin  glucose  .... 

-O'O 

+  22-0 

-3*2 

+  12-3 
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We  may  here  call  attention  to  the  fact  that  all  the  carhohydrates  whose 
composition  has  been  definitely  ascertained  to  be  that  expressed  by  the  formula 
0^322^11  ^^^  ^^^y  soluble  crystalline  substances,  which  readily  diffuse  through 
colloid  septa,  and  it  is  a  question  as  to  whether  these  properties  may  not  be  con- 
sidered to  be  characteristic  of  all  carbohydrates  having  the  same  molecular  com- 
position as  cane  sugar.  It  is  true  that  the  formula  C^^H^gO^^  has  been  assigned 
to  two  bodies,  which,  although  very  soluble  in  water,  are  amorphous,  and  belong 
to  the  class  of  colloid  substances — viz.,  synanthrose  and  arabin,  and  also  to  cellu- 
lose, which  is  an  amorphous  insoluble  substance  :  but  these  compounds  have 
been  very  insufficiently  studied,  so  that  it  is  by  no  means  unlikely  that  they 
may  prove  to  be  carbohydrates  of  the  composition  (CgH^^Og)^,  all  of  which 
appear  to  be  colloid  substances.  But  even  if  the  empirical  composition  of  the 
two  first  mentioned  be  correctly  represented  by  the  formula  O^^H^fi^^,  they  are 
probably  bodies  of  higher  molecular  weight  than  cane  sugar. 

The  carbohydrates  of  which  amylin  (dextrin)  is  the  type,  certainly  contain 
as  many  carbon  atoms  in  their  molecules  as  the  saccharons,  since  amylin, 
(C  H^^O^n,  is  converted  into  amylon,  C^^HggO^^,  by  mere  hydration ;  but  the 
fact  that  the  saccharons  are  crystalline,  highly  diffusible  substances,  whereas 
amylin  is  an  amorphous  colloid  body,  favours  the  assumption  that  the  molecule 
of  amylin  is  more  complex,  and  that  it  contains  at  least  twice  as  many  carbon 
atoms  as  that  of  amylon.  According  as  amylin  is  regarded  as  derived  from 
a  single  molecule,  or  from  two  molecules,  of  amylon,  it  may  be  represented  by 
either  of  the  following  formulae  : 

From  the  results  obtained  by  O'Sullivan,  there  can  be  but  little  doubt  that 
starch  has  a  very  high  molecular  weight,  and  judging  from  the  proportions  in 
which  amylon  and  amylin  are  formed  by  the  action  of  malt  extract  at  different 
temperatures,  the  most  probable  assumption  would  appear  to  be  that  it  contains 
either  72  or  144  atoms  of  carbon  in  its  molecule,  according  as  we  regard  amylin 
as  C  gHjoH^jj  or  G^^^if^^^'  On  the  former  assumption,  its  decomposition  at 
temperatures  below  63°,  between  64°  and  68° — 70°,  and  above  68° — 70°  C,  is 
represented  by  the  following  equations  : 

C,.H,,A,    +    4OH,     =     4C,,H,Ax    +    2G.^A' 

^n^.A.  +  20H,   =    2C,,H,Ax  +  4C,,h,a;. 

whereas  on  the  latter  assumption  we  have  the  following : 

C„A„0,„  +  8OH,  =  8C,,H,0„  +  2C,.H„0,- 
C».H«.0.,.  +  4OH,  =  4C,,H,,0„  +  4C,,H.A.. 
C„A„0,„   +    2OH,     =     2C,,H,0„   +    5C«HA.    . 

There  is  no  evidence  by  which  we  can  form  an  estimate  of  the  molecular 
weight  of  the  remaining  carbohydrates  of  the  same  empirical  composition  as 
starch ;  from  their  physical  properties  and  behaviour  under  various  circumstances, 
however,  it  would  appear  probable  that  glycogen  and  inulin  are  bodies  of  lower, 
and  cellulose  a  body  of  higher,  molecular  weight  than  starch. 

It  now  remains  to  consider  the  "  constitution"  of  the  glucoses  or  carbo- 
hydrates of  the  composition  CgH^j^^e*  From  their  general  behaviour  there  can 
be  no  doubt  that  they  are  closely  related  to  the  hexhydric  alcohols  dulcitol  and 
mannitol,  into  which  several  have  already  been  converted  by  the  action  of  nascent 
hydrogen  ;  it  will  be  remembered  that  we   have  pointed   out  that  these  two 
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alcohols  are  both  represented  by  the  same  formula  (p.  559).  The  conversion  of 
sucrodextrose  into  the  compound  CgH.yC10(C2H302)^  by  the  action  of  acetic  chloride, 
and  the  formation  from  the  latter  of  the  compound  CgHyO(N03)(C2H302)^  by 
the  action  of  nitric  acid  (p.  580),  indicates  that  it  must  be  regarded  as  a  penta- 
hydroxyl  derivative  ;  and  the  conversion  of  cane  and  milk  sugar  into  octacetates 
(pp.  600,  6 10)  by  the  action  of  acetic  anhydride  serves  in  a  similar  manner  to  prove 
that  sucrolaevulose  and  the  dextroglucoses  furnished  by  milk  sugar  on  inversion 
are  also  pentahydroxyl  derivatives.  The  only  formulae,  however,  which  can  be 
assigned  to  a  body  convertible  like  sucrodextrose  into  mannitol  (or  dulcitol)  by 
the  addition  to  it  of  two  atoms  of  hydrogen,  and  containing  j^ye  hydroxy  1  groups, 
are  the  following  : 

CH^.OH  CH^.OH  CH,.OH 

CH.OH  CH.OH  CH.OH 

CH.OH  CH.OH  CH.OH 

CH.OH  CO  CH.OH 

CH.OH  CH.OH  CH.OH 

COH  CH,.OH  CH^.OH 

I.  II.  Mannitol  and  Dulcitol. 

But,  inasmuch  as  there  are  certainly  more  than  two  glucoses  similar  in  constitution* 
to  sucrodextrose,  we  are  forced  to  the  conclusion  that  the  hypothesis  hitherto 
adopted  in  explanation  of  isomerism  is  insufficient,  not  only  in  the  case  of  the 
alcohols  mannitol  and  dulcitol,  but  also  in  the  case  of  the  closely  related  glucoses. 
We  shall  have  occasion  again  to  discuss  their  constitution  later  on. 

The  first  of  the  above  formulse  represents  the  glucoses  as  in  part  aldehyde 
and  in  part  alcohol,  whilst  according  to  the  second,  they  are  in  part  ketone  and 
in  part  alcohol,  the  group  COH  (formyl)  being  that  which  is  characteristic  of 
all  aldehydes,  and  the  group  CO  (carbonyl)  that  which  is  characteristic  of  the 
ketones.  The  first  formula  is  that  which  is  generally  assigned  to  sucrodextrose 
and  its  congeners,  and  on  the  whole  is  more  in  accordance  with  the  behaviour  of 
the  glucoses  than  the  second ;  but  too  little  is  known  at  present  of  the  glucoses 
for  us  to  state  that  all  must  be  represented  by  it ;  and  even  supposing  that  they  are 
all  pentahydric  derivatives  of  normal  hexane,  which  is  by  no  means  an  esta- 
blished fact,  although  it  is  prooable  that  the  majority  are,  it  is  quite  possible  that 
the  one  formula  is  applicable  to  some  of  them,  and  that  the  other  is  applicable  to 
the  remainder.. 

Inasmuch  as  cane  and  milk  sugar  furnish  octacetates  when  submitted  to  the » 
action  of  acetic  anhydride  in  excess,  it  would  appear  that  the  formation  of  the 
saccharons  from  the  glucoses  is  the  result  of  the  withdrawal  of  the  elements  of  a 
molecule  of  water  from  two  molecules  of  glucose  in  such  a  manner  that  each 
molecule  of  glucose  has  one  of  its  hydroxyl  groups  removed ;  the  relation  of  the 
saccharons  to  the  glucoses,  supposing  the  latter  to  be  aldehydic  compounds,  may 
therefore  be  expressed  by  the  following  formulae  : 

CHrOH^  COH  0  I  ^«^«^^^^4-^^^ 

^s^ei^^^s-^^^  ^  \  C^Hg(OH)^.COH 

Glucose.  Saccharon. 

A  very  large  number  of  isomeric  saccharons  would  appear  to  be  possible,  for  it  is 
conceivable  that  the  same  two  glucoses  may  give  rise  to  a  variety  of  saccharons ; 
but  this  question  cannot  at  present  be  usefully  discussed.  The  great  difference 
in  the  behaviour  of  the  glucoses  and  of  the  saccharons,  especially  cane  sugar, 
with  Fehling's  solution,  seems  to  afford  an  argument  against  the  conclusion 
that  the  saccharons  are  also  aldehydic  compounds  as  indicated  by  the  above 
formula;    it   must  be   remembered,  however,  that  we  have   no   knowledge   of 

3  u  u 
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the  manner  in  which  Fehling's  solution  acts  as  an  oxidizing  agent,  for  it  is  not 
improbable  that  its  action  is  quite  different  from  that  of  ordinary  oxidizing 
agents.  Thus,  the  separation  of  cuprous  oxide  may  be  the  result  of  the  decom- 
position of  a  cupric  derivative  of  the  carbohydrate,  and  may  not  be  caused  by  the 
simple  withdrawal  of  oxygen  by  the  carbohydrate  from  the  cupric  salt  employed. 
The  carbohydrates  of  the  composition  (CgH^QOg)^  appear  to  contain  three 
hydroxyl  groups  for  each  six  atoms  of  carbon,  since  they  all  furnish  triacetates 
on  treatment  with  acetic  anhydride.  This  fact  is  of  considerable  importance,  as 
it  enables  us  to  form  an  idea  as  to  the  manner  in  which  the  several  Cg  groups  of 
which  they  are  composed  are  '  held  together.'  The  most  probable  formula 
which  can  be  assigned  to  amylin  (dextrin)  is  the  following  ; 

(  C.H.(C0H)(0H),.0.C.H,(C0H)(0H)3 1  . 
•^  t  C,H,(COH)(OH)..0,C,H.(COH)(OH),  f" ' 
that  is  to  say,  it  may  be  regarded  as  formed  from  two  molecules  of  a  saccharon,  in 
the  same  way  that  the  latter  is  formed  from  two  molecules  of  a  glucose.  The 
formyl  groups  of  the  glucose  molecules  from  which  it  is  primarily  derived  are  repre- 
sented as  being  still  intact,  but  in  the  case  of  the  higher  members  of  the  group  it 
is  not  unlikely  tliat  the  formyl  groups  also  undergo  a  modification  similar  to  that 
which  we  are  led  to  suppose  takes  place  in  the  conversion  of  aldehydes, — such  as 
acetic  aldehyde, — into  polymerides,  the  nature  of  which  will  be  understood  on 
reference  to  the  formulae  of  acetic  aldehyde  and  of  its  polymeride,  paraldehyde : 

CH3  CH3 

CH  —  0  —  CH 

CH  .  \  / 

COH  •  \  / 

CH 

I 

Acetic  aldehyde.  Paraldehyde. 

Starch  maybe  regarded  as  resulting  in  this  manner  from  the  association  of  several 
amylin  molecules,  and  supposing  it  to  have  the  composition  C^^^H^^gO^go  ^^®  follow- 
ing formula  is  that  which  is  most  in  accordance  with  its  general  behaviour : 
CgH,0(OH), 


^icX0{0H)3 

rCA0(0H)J.0.CA0(0H)3) 
^icA{0H)3 O.CgH,0{OH)3  r 


I 
CH 


0  ^CH— D 

/  I 

-CH  0 

\  I 

0  CH— D 

CH 

I 


^  (  C,Hg(0H)3 O.CgH,0(OH)3 ) 

^  1  C,H,0(OH),  )  .  O.CgH,0(OH)3  r 

fCgH,0(OH).J 
^  \  CgH,0(OH), 
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In  this  formula  the  letter  D  represents  a  molecule  of  amylin  (dextrin)  minus  one 
of  its  COH  groups. 

Nomenclature. — Hitherto  names  have  heen  assigned  to  the  carbohydrates  in 
so  arbitrary  a  manner  that  they  do  not  afford  the  slightest  indication  either  of 
the  composition,  or  of  the  position  in  the  group,  of  the  bodies  to  which  they 
refer.  But  if,  as  in  the  case  of  other  groups  of  compounds,  a  certain  termination 
be  restricted  to  a  certain  class  of  carbohydrates,  the  name  will  then  afford  con- 
siderable information  with  regard  to  the  compound  which  it  designates.  Thus 
it  would  appear  desirable  to  restrict  the  termination  ose  exclusively  to  the 
glucoses  or  carbohydrates  of  the  composition  CgH^^Og ;  the  termination  on  may 
conveniently  be  employed  for  the  saccharons  or  carbohydrates  of  the  composition 
CjjH^^Ojj,  which,  like  cane  sugar,  furnish  two  molecules  of  glucose  on  inversion ; 
bodies  which,  like  amylin,  furnish  a  saccharon  on  hydration  may  be  distinguished 
by  the  termination  in;  and  terminations  such  as  en  and  an,  &c.,  might  be 
employed  for  the  still  more  complex  carbohydrates,  such  as  starch,  cellulose,  &c. 
The  employment  of  the  vowels  in  their  natural  order  would  thus  serve  to  indicate 
the  position  of  the  carbohydrate  in  the  series ;  but  on  account  of  our  imperfect 
acquaintance  with  the  composition  of  these  bodies,  it  is  obviously  desirable  to 
postpone,  for  the  present,  the  systematization  of  their  names. 

§  XIV.  The  Thio-alcohols  or  Mercaptans. 

(1578)  These  compounds  bear  the  same  relation  to  the  alcohols  that  the 
metallic  hydroxides  or  hydrates  bear  to  the  metallic  hydrothionides  or  sulphy- 
drates ;  and  just  as  the  alcohols  may  be  regarded  as  derived  from  water,  so  the 
thioalcohols  may  be  regarded  as  derived  from  hydrogen  sulphide : 

H.OH  C^H^.OH  H.SH  ^A-SH 

Water.  Ethylic  alcohol.  Hydrogen  sulphide.       Thio-ethylic  alcohol. 

The  following  are  known  : 

Thioalcohols  of  the  CnH2n  +  ^.SH  Series. 

Formula.  M .  P.  °  C.    B,  P.  °  C. 

Thiomethylic  alcohol  .     .     .      .  HS.CH3  liquid       21" 

Thioethylic         „        ....  HS.C^Hg  „           36^ 

Thiopropylic       „        ....  HS.CH^.CH^.CHg  „      67°-68° 

Thioisopropylic  „       ....  HS.CHlCH^)^  „      57°-6o*' 

Thiobutylic        „       ....  HS.CH^.CH^.CH^.CH^     „      97°- 98^ 

Thioisobutylio    „        ....  HS.CH,CH(CH^)^  „           88° 

Thioamylic         „       ....  HS.CgHj^  „    about  120° 

Thioalcohols  of  the  CjqHjq.j.SH  Series. 

Thioallylic  alcohol      ....     HS.CH^.CHlZ-CH,  liquid      about  90° 

.  Thioalcohols  of  the  CaHg^^y.SH  and  CaHjH.jj.SH  Series. 

Thiophenol HS.CgH,  liquid  i72°-5 

Thiobenzylic  alcohol   .     .     .     .     HS.CH^.CjH^  „  195° 

Thioparacresol )  (43°  188° 

<  liqui 


I 


Thiometacresol >  HS.C^H^.CH^  J  liquid  — 

Thioorthocresol )  I    15°  188 

Thiocarvacrol I  HS.C  H   j  ^^3  i  ^^id  236 

Thiothymol f           ^    M  CgH^-  I      >,  234 

Thio-a-naphthol I  TT«5  P  TT  i      '»  — 

Thio-^-naphthol J  ^^-^lo-^r  \    1350  _ 

u  u  2 
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TJiioalcoliols  of  the  CQHgnCSH)^  and  C„H2„_8(SH)2  Series. 

Formula.  M.  P.  °  C,        B.  P.  °  C. 

Thioglycol C^H,(SH)2  liquid  — 

Thioresorcinol I  C ^(SH),  j'fo  '^5° 

Thioqainol ^     &    w      n  (90  — 

Thioalcohols  of  the  OJ^ir^.^C^^)^  Series. 

Thioglycerol C3H,(SH)^  liquid    .         — 

Preparation. — i.  By  heating  together  the  haloid  derivatives  of  hydrocarbons 
and  potatssic  sulphydrate  in  alcoholic  solution  ;  thus : 

an^Cl    +    KSH    =    C^Hj.SH   +   KCI. 

Ethylic  chloride.  Thioethylic  alcohol. 

C.H^Br,    +    2KSH    =    C,H,(SH),    +    2KCI. 

Ethylenic  bromide.  Thioglycol. 

This  method,  however,  is  not  available  for  the  preparation  of  the  thioalcohols 
corresponding  to  the  phenols.  Moreover,  it  has  the  objection  that  the  product 
is  always  more  or  less  contaminated  with  the  corresponding  thioether,  the  forma- 
tion of  which  is  explained  by  the  following  equations  : 

CJI..SH   +    KSH   =    C^H^.SK    +   SH^; 
C^H^.SK   +    C.H^Cl   =    (0,HJ,S    +    KCI. 

2.  By  distilling  a  concentrated  solution  of  potassic  sulphydrate  with  the  salts 
formed  by  neutralizing  the  acid  ethereal  sulphates  with  calcic,  potassic  or  sodic 
carbonate  : 

C.H^.KSO^    +    KHS    =    an^.SH   +    K^SO^. 

Potassic  ethylic  sulphate.  Thioethylic  alcohol. 

3.  By  distilling  the  alcohols  with  phosphoric  pentasulphide.  According  to 
Carius's  researches,  however,  the  formation  of  thioalcohols  in  this  manner  is  not 
the  result  of  the  direct  displacement  of  the  oxygen  of  the  alcohol  by  sulphur, 
but  is  a  consequence  of  the  decomposition  of  one  of  the  products  of  the  action  of 
the  pentasulphide  on  the  alcohol,  which  takes  place  in  accordance  with  the 
equation : 

5R'.0H    +    P,S^   -   2SH,    +    PSO^R^H   4    PS.O^RV 

4.  By  the  action  of  nascent  hydrogen  (zinc  and  sulphuric  or  hydrochloric  acid) 
on  the  aeid  chlorides  derived  from  the  sul phonic  acids ;  this  method  has  hitherto 
been  employed  only  for  the  preparation  of  thioalcohols  corresponding  to  the 
phenols,  naphthols,  and  orcinols : 

C,H^.6C\C1   +    6H    =    C.H^.SH    +    HCl   +    2OH,. 

Benzenesul  phonic  chloride.  Thiophenol. 

A  portion  of  the  chloride  is  liable,  if  the  temperature  rise  to  100°  (212°  F.),  to 
undergo  conversion  into  the  sulphonic  acid  by  the  action  of  the  water,  and  thus 
to  escape  reduction,  as  nascent  hydrogen  is  without  action  on  the  sulphonic  acids ; 
this  loss  may  be  avoided,  according  to  Schiller  and  Otto  {Deut.  chem.  Ges. 
Ber.  ix.  1587),  by  first  <;onverting  the  sulpho-chloride,  R'.SO^Cl,  into  the  sul- 
phinic  acid  (q.  v.),  R.SO^H,  and  submitting  this  latter,  or  one  of  its  salts,  to  the 
iiction  of  nascent  hydrogen. 

Properties. — The  thioalcohols  are  mostly  colourless  or  yellow  liquids  of 
'f'xti'emely  unpleasant  odour,  almost  insoluble  in  water.  Those  corresponding  to 
the  monohydric  alcohols  are  bodies  of  considerable  stability,  distilling  without 
undergoing  any  decomposition,  but  the  stability  diminishes  as  the  number 
of  SH  groups  increases.  They  furnish  metallic  derivatives  with  much  greater 
readiness  than  the  alcohols,  the  hydrogen  of  the  SH  group  being  displaceable  not 
only  by  the  more  positive  metals,  but  also  by  the  less  positive  metals — especially 
by  those  which  are  precipitated  as  sulphides  from  acid  solutions  of  their  salts  by 
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sulphuretted  hj'drogen.  Thus,  on  shaking  their  alcoholic  solutions  with  mercuric 
oxide  the  corresponding  mercury  derivative  is  formed  with  considerable  develop- 
ment of  heat,  usually  separating  in  the  crystalline  state ;  for  example  : 

2C,H^.SH   +    HgO    =   (C,H,.S),Hg   +    OH,. 
If  the  undiluted  thioalcohol  be  employed,  the  action  is  extremely  violent  owing 
to  the  heat  developed.     On  this  account,  the   thioalcohols  have  been    termed 
mercaptans  (from  mercurio  aptum),  and  their  metallic  derivatives  are  often 
spoken  of  as  mercaptides. 

On  mixing  their  alcoholic  solutions  with  an  alcoholic  solution  of  mercuric 
chloride,  many  of  the  thioalcohols  furnish  difficultly  soluble  precipitates  of  com- 
pounds formed  by  the  displacement  of  the  hydrogen  of  the  SH  group  by  the 
group  (HgCl),  thioethylic  alcohol,  for  example,  yielding  a  precipitate  of  the 
composition  C2H..S(HgCl). 

These  metallic  derivatives  of  the  thioalcohols  are  mostly  stable  in  presence 
of  water ;  many  of  them  are  more  or  less  readily  dissolved  by  hot  alcohol,  from 
which  they  separate  in  crystals  on  cooling. 

The  thioalcohols  are  also  distinguished  from  the  alcohols  by  their  behaviour 
on  oxidation  with  nitric  acid,  whereby  they  are  finally  converted  into  sulphonic 
acids  ;  thus  : 

CA.SH   +    30   =    C,H,.S03H.. 

Thioethylic  alcohol.  Ethylsulphonic  acid. 

(1579)  Thioethylic  alcohol;  FAhylic  sulphydrate  or  Mercapian : 
CjHg.SH. — This  compound  may  readil}'-  be  prepared  by  the  first  and  second  of 
the  methods  above  described.  It  is  a  colourless,  very  mobile,  inflammable 
liquid,  having  a  most  ofiensive  alliaceous  odour,  of  the  sp.  gr.  "8325  at  21° 
(69°*8  F.);  it  boils  at  36°  (96°'8  F.).  It  is  neutral  to  vegetable  colours,  very 
sparingly  soluble  in  water,  but  soluble  in  all  proportions  in  alcohol  and  ether. 

The  potassium  and  sodium  derivatives,  which  may  be  obtained  in  the  pure 
state  by  the  action  of  the  metals  on  the  mercaptan,  dissolve  readily  in  water, 
forming  alkaline  solutions  in  consequence  of  their  partial  decomposition,  and 
they  are  also  decomposed  by  boiling  with  alcohol  (Claesson,  Journ.  pr.  Chem. 
[2],  XV.  193).  The  metallic  derivatives  containing  the  less  positive  metals 
are  sparingly  soluble  in  water,  and  are  far  more  stable  bodies.  The  mercury 
derivative  (C2Hg.S)2Hg,  crystallizes  in  white  lustrous  scales,  which  melt  at  86° 
(i86'''8  F.).  It  is  not  decomposed  by  an  aqueous  solution  of  potassic  hydrate,  nor 
by  dilute  hydrochloric  acid,  the  latter  of  which  dissolves  it  slowly  at  the  boiling  tem- 
perature and  deposits  it  again  on  cooling;  it  is  decomposed,  however,  by  sulphuretted 
hydrogen  in  accordance  with  the  equation:  {C^^.^)^^  +  H^S  =  202Hg.SH  +  HgS. 

When  boiled  with  moderately  strong  nitric  acid,  thioethylic  alcohol  is 
ultimately  converted  into  ethylsuphonic  acid,  CgHg.SOgH.  According  to  Friedel 
and  Ladenburg  {Ann.  Chem.  Pharm.  cxlv.  189),  bromine  decomposes  it  in  the 
manner  represented  by  the  equation:  2C2Hg.SH  +  3Br2  =  2C2HgBr  +  SgBr,  +  2HBr. 
By  heating  with  sulphur  to  150°  (302°  F.),  it  is  converted  into  the  disulphide 
(Miiller,  Journ,  pr.  Chem.  [2],  iv.  39)  :  2Q^YL^.^B.  +  S  =  (C3H.)2S2  +  H^S. 

Potassium  and  sodium  mercaptides  are  powerful  reducing  agents,  and  readily 
absorb  oxygen ;  in  the  presence  of  water  or  alcohol  they  are  thus  converted  into 
the  disulphide  (02113)282,  but  if  exposed  to  air  in  the  dry  state  they  furnish 
corresponding  salts  of  ethylsulphinic  acid,  CgHg.SOjH  (Claesson). 

The  thioalcohols  homologous  with  thioethylic  alcohol  have  been  very  im- 
perfectly investigated.  Thiomethylic  alcohol  has  been  described  by  Gregory 
{Ann.  Chem.  Pharm.  xv.  239) ;  its  mercury  derivative  crystallizes  in  shining 
laminje,  which  melt  above  100°  (212°  F.).  Thiopropylic  alcohol  has  been  in- 
vestigated by  Romer  {Deut.  chem.  Ges.  Ber.  vi.  786);  its  mercury  derivative 
melts  at  68°  (i54°'4  F.).     The  isomeric  thioisopropylic  alcohol  has  been  de- 
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scribed  by  Clans  [ihid.  v.  659  ;  viii.  532);  it  is  converted  into  isopropylsulphonic 
acid  by  oxidation  with  nitric  acid,  but  on  oxidation  with  chromic  acid  it  yields  a 
body  which  is  apparently  identical  with  the  duplothioacetone,  CgH^2^2'  obtained 
by  the  action  of  trisulphide  of  phosphorus  on  acetone.  Thiohutylic  alcohol  {Ann. 
Chem.  Pharm.  clxxi.  251  ;  clxxv.  351),  thiols ohuty lie  alcohol  corresponding 
to  isoprimary  butylic  alcohol  {ihid.,  xcv.  256),  and  a  mixture  of  the  twa 
thioamyUc  alcohols  corresponding  to  the  two  lermentation  amylic  alcohols,  are 
the  only  other  thioalcohols  of  the  CnHgn  +  ^-SH  series  hitherto  prepared. 

Thioallylic  alcohol,  according  to  Hofmann  and  Cahours,  closely  resembles 
the  thioalcohols  of  the  CnHjn  4.  j.SH  series  in  its  properties. 

(1580)  Thiophenol  ;  Fhenylic  sulphydrate  or  Phenylmercaptan : 
CgHg.SH. — This  compound  is  best  prepared  from  benzenesulphonic  chloride  by 
Schiller  and  Otto's  method  (p.  660).  It  is  obtained  also  in  considerable  quantity 
as  one  of  the  products  of  the  destructive  distillation  of  sodic  benzenesulphonate, 
CgHg.SOgNa  (Stenhouse,  R.  Sac.  Proc.  xvii.  62),  and  by  the  action  of  phosphorus 
sulphide  on  phenol.  Thiophenol  is  a  colourless,  highly  refractive  liquid,  having 
an  aromatic,  somewhat  alliaceous,  but  by  no  means  offensive  odour,  if  pure ;  it  boils 
at  I72°'5  (34i°'6  F.)  (Stenhouse).  It  readily  furnishes  metallic  derivatives  ;  the 
mercury  derivative  crystallizes  from  alcohol  in  white  needles. 

Thiophenol  is  especially  characterized  by  the  readiness  with  which  it  under- 
goes conversion  into  the  disulphide  (CgHg)2S2.  This  change  even  takes  place 
when  it  is  exposed  to  the  air  in  imperfectly  closed  vessels  (Stenhouse) ;  also 
when  it  is  gently  heated  with  nitric  acid  of  sp.  gr.  i*2,  when  its  solution  in 
alcoholic  ammonia  is  allowed  to  evaporate  spontaneously  (Vogt),  or  when  its 
copper  derivate  is  exposed  to  the  air  in  a  moist  state  (Stenhouse) ;  when  it  is 
submitted  to  the  action  of  sulphuric  acid  (Stenhouse),  or  of  sulphuric  anhydride 
(Schiller  and  Otto)  ;  and  when  its  sodium  derivative  is  acted  upon  by  iodine,  or 
chloride  or  iodide  of  cyanogen  (Hiibner  and  Alsberg ;  Clemm  ;  Henry).  The 
disulphide  is  also  produced  on  heating  a  mixture  of  thiophenol  and  benzenesul- 
phinic  acid  at  100°  (212°  F.)  (Schiller  and  Otto,  Beut.  chem.  Ges.  Ber.  ix. 
1588) :  3C,H^.SH  +  C,H,.SO,H  =  2(C,H,),S,  +  2OH,. 

Parabromothiophenol,  CgH^Br.SH,  obtained  by  reducing  parabromobenzene- 
sulphonic  chloride,  crystallizes  in  naphthalene-like  plates,  which  melt  ^t 
75°  (167°  F.) ;  on  exposure  to  the  air  it  slowly  oxidizes  and  is  converted  into  the 
sulphide  (CgH^Br),S2  (Hiibner  and  Alsberg,  Ann.  Chem.  Pharm.  clvi.  327). 

(1581)  Thiobexzylic  alcohol  or  Benzylic  sulphydrate :  CgHg.CHg.SH, 
obtained  by  the  action  of  benzylic  chloride  on  an  alcoholic  solution  of  potassic 
sulphydrate,  is  a  colourless  strongly  refractive  liquid,  which  greatly  irritates  the 
eyes,  and  has  a  most  unpleasant  alliaceous  odour;  it  boils  at  194° — 195° 
(38i°-2 — 383°  F.).  Its  mercuric  derivative  crystallizes  from  alcohol  in  long 
needles.  It  rapidly  oxidizes  on  exposure  to  the  air,  being  converted  into  the 
disulphide  {C^fiE.^^^,  which  is  also  formed  from  it  on  adding  bromine  to  its 
ethereal  solution  (Marcker,  ihid.  cxxxvi.  75  ;  cxl.  86). 

The  remaining  thiophenols  closely  resemble  thiophenol  itself  in  their  proper- 
ties. The  thiocresols  have  been  described  by  Marcker  {loc,  cit.),  Post  and 
Miiller  (iJic^.  clxix.  30,  51);  thiocarvacrol  and  thiothymol  by  Fittica  {ihid. 
clxxii.  325;  Beut.  chem  Ges.  Ber.  vi.  941),  Flesch  {ihid.vi.  478),  Eoderburg 
{ihid.  vi.  669),  and  Bechler  {Journ.  pr.  Chem.  [2],  viii.  167). 

(1582)  Thionapiithols  :  OjpHy.SH.— Maikopar  {Zeits.  Chem.  [2],  v.  710) 
has  prepared  the  thionaphthols  corresponding  to  a-  and  j3-naphthol  by  reducing 
the  chlorides  of  a-  and  /3-naphthalenesulphonic  acids,  but  they  have  scarcely 
been  examined. 

(1583)  Thioglycol:  C2H^(SH)2. — This  compound  is  obtained  by  the 
action  of  ethylenic  chloride  on  potassic  sulphydrate.    It  is  said  to  be  a  colourless 
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liquid,  which  is  partially  decomposed  by  distillation.  A  body  Intermediate  in 
composition  between  thioglycol  and  glycol,  and  which  therefore  is  represented  by 
the  formula  HO.CjjH^.SH  has  been  obtained  by  Carius  (Ann.  Chem.  Pharm., 
cxxxiv.  257)  by  heating  the  chlorhydrin  CjH^Cl.OH  with  an  alcoholic  solution 
of  potassic  sulphydrate.  It  is  a  colourless  liquid  of  the  consistence  of  glycol, 
sparingly  soluble  in  water,  having  a  faint  odour  like  that  of  thioethylic  alcohol ; 
on  oxidation  with  nitric  acid  it  is  converted  into  oxyethylsulphonic  or  isethionic 
acid,  C3H^(OH).S03H.  On  boiling  its  alcoholic  solution,  sulphuretted  hydrogen 
is  evolved,  and  the  analogue  of  diethylenic  alcohol  (CgH^.  011)28,  is  produced. 

(1584)  Thioebsoecinol  and  Thioquinol  :  CgH^(SH)2. — These  com*, 
pounds  are  obtained  by  reducing  the  chlorides  of  the  corresponding  benzene^ 
disulphonic  acids  (Pazschke,  Journ.  pr.  Chem.  [2],  ii.  418;  Korner  and 
Monselise,  Journ.  Chem.  Soc,  1877,  i.  80).  They  are  both  crystalline  sub- 
stances, and  readily  yield  metallic  derivatives ;  the  former  has  an  aromatic  odour 
resembling  that  of  some  species  of  geranium,  whilst  the  latter  has  an  odour  distantly 
resembling  that  of  the  tropceolum.  The  colourless  crystals  of  thioquinol  become 
oxidized  on  exposure  to  the  air,  and  turn  yellow. 

(1585)  Thioglyceeol  :  CgHj(SH)3.— This  compound  is  obtained  from  the 
a-trichloropropane  formed  by  displacing  the  three  OH  groups  in  glycerol  by 
chlorine,  by  heating  it  with  an  alcoholic  solution  of  potassic  sulphydrate.  Com- 
pounds intermediate  in  composition  between  it  and  glycerol  have  been  prepared 
in  a  similar  manner  from  the  chlorhydrins  CgHgCl^OH  and  CgHgClCOH)^  (Carias, 
Ann.  Chem.  Pharm.,  cxxii.  72;  cxxiv.  222). 

These  bodies  are  syrupy  liquids  of  unpleasant  odour,  soluble  in  alcohol,  very 
sparingly  soluble  in  water,  insoluble  in  ether.  They  enter  into  reaction  with 
metallic  oxides  and  various  metallic  salts,  forming  derivatives  in  which  only  the 
hydrogen  of  the  SH  groups  is  displaced  by  metals.  They  are  decomposed  by 
heat,  thioglycerol  yielding  thioglycide,  CgH.S.SH  =  CgH^CSH),- SH, ;  while 
more  complex  products  are  obtained  from  those  containing  less  sulphur,  owing  to 
their  losing  the  elements  both  of  water  and  sulphuretted  hydrogen.  Their 
behaviour  on  oxidation  appears  to  be  similar  to  that  of  other  thioalcohok. 


CHAPTER    VII. 

L  THE   ETHERS. 

§  I.    The   Ethers  ;  —  §  II.    The    Ether- Alcohols ;  —  §  III.    The 

Glucosides  ;  —  §  IV.  The  Thioethers,  Selenides  and  Tellurides. 
The   ethers    are   the   anhydrides  of  the  alcohols,  to  which  they 
bear  the  same  relation  that  the  metallic  oxides,   such   as    sodic 
and  calcic  oxide,  bear  to  the  corresponding  hydroxides  or  hydrates ; 
thus : 

Na.OH    •        Na.O.Na  CgHg.OH  CgHg.O.C^Hg 

Sodic  hydroxide.  Sodic  oxide.  Ethylic  alcohol.  Ethylic  ether. 

Ca(0H)2  CaO  Q^M^[011\  C^Ufi 

Calcic  hydroxide.  Calcic  oxide.  Ethylenic  alcohol.  Ethylenic  oxide. 

Preparation, — i.  The    ethers  corresponding    to    the    mono- 
hydric   alcohols   are  obtained  by   the  action  of  the  monohaloid 


664  ETHERS.  [1585- 

derivatives    of  the  hydrocarbons   on   the    potassium  or  sodium 

derivatives  of  the  alcohols  ;  for  example  :  — 

CgHg.ONa   +    CgHJ   =   CgH^.O.CgH^   +   Nal. 

Sodium  ethoxide.  Ethyl  iodide.  Ethyl  ether.  I 

If  the  metallic  derivative  of  the  alcohol  and  the  haloid  hydro-  / 
carbon  derivative  contain  the  same  radicle,  as  is  the  case  in  the   I 
example  here  quoted,  so-called  simple  ethers  are  formed ;  but  if 
the  radicles  are  isomeric,  homologous,  or  isologous,  mixed  ethers 
result,  the  formation  of  several  of  which  is  illustrated  by  the  fol- 
lowing equations : 

C3H7^0Na   +    C3H/I   =   CgH/.O.C.H/   +   Nal. 
CoHg.ONa    +    CH3I   =   CHg.O.C.Hg    +    Nal. 
cX-ONa   +    CH3I   =   CgH^.O-CHg. 

The  preparation  of  the  homologues  of  ethyl  ether  (and  probably  of  the  higher 
ethers  of  other  series)  by  this  method  becomes  more  and  more  difficult  as  the 
series  is  ascended,  on  account  of  the  conversion  of  the  monohaloid  paraffin  into 
the  corresponding  olefine  under  the  influence  of  the  metallic  derivative  of  the 
alcohol ;  the  tendency  to  undergo  this  decomposition  not  only  increases  as  the 
series  is  ascended,  but  is  also  greater  in  the  case  of  the  tertiary  than  in  the  case 
of  the  secondary  or  primary  derivatives  :  hence  the  ethers  corresponding  to  the 
primary  alcohols  are  more  readily  prepared  than  those  which  correspond  to  the 
secondary,  and  the  secondary  more  readily  than  the  tertiary.  Moreover,  only 
those  haloid  derivatives  can  be  made  use  of  which  are  without  difficulty  con- 
vertible into  alcohols :  compounds  such  as  bromobenzene,  for  example,  which  do 
not  yield  up  the  halogen  in  exchange  for  other  radicles  under  any  ordinary 
treatment,  being  without  action  on  the  metallic  derivatives  of  the  alcohols ;  while 
others,  such  as  the  chloropropylenes  from  propylenic  chloride  (1243),  lose  the 
elements  of  a  molecule  of  hydrochloric  acid. 

2.  A  second  method,  which  is  available  for  the  preparation  of 
simple  and  mixed  ethers  corresponding  to  the  alcohols  of  the 
ethylic  and  allylic  series,  consists  in  distilling  the  acid  ethereal 
salts  formed  from  these  alcohols  and  sulphuric  acid  with  the 
alcohols  themselves : 


E'.HSO,   4-    R'.OH   = 

:   R'.O.R'   +    H^SO^. 

Acid  ethereal  sulphate.        Alcohol. 

Ether,                Sulphuric  acid. 

C,H,.HSO,   +    C,H..OH 

=  C3H5.0.C2H5    +  H3S0, 

C.H^.HSG,   +   C.Hij.OH 

=  C,H,.O.C,H„   +   H,S0,, 

3.  Simple  and  mixed  ethers  corresponding  to  the  alcohols  of 
the  ethylic  and  allylic  series  are  also  formed  on,  heating  the 
corresponding  haloid  hydrocarbon  derivatives  with  argentic  or 
mercuric  oxide : 

2C,H,I   +   Ag,0  =   (CjHJ.O   +   2AgI. 

4.  Little  is  known  of  the  simple  ethers  of  the  polyhydric 
alcohols.     Those  corresponding  to  the  dihydric  alcohols  are  pre- 
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pared  by  withdrawing  the  elements  of  a  molecule  of  hydrochloric 
acid  from  their  chlorhydrins  : 

C^H.Cl.OH    +    KHO   =   CgH.O    +    KCl   +   OH^. 

Glycol  chlorhydrin.  Ethylenic  oxide. 

Mixed  ethers  derived-  from  polyhydric  and  monohydric  alcohols 
are  readily  obtained  by  the  action  of  monohaloid  hydrocarbon 
derivatives  on  the  sodium  derivatives  of  the  former ;  thus  : 

C,H,(ONa),   +   2C,H,I   =  C,H,(0C,H;),  +  aNal. 

Properties. — The  ethers  derived  from  monohydric  alcohols  are, 
with  few  exceptions,  colourless  liquids,  having  an  agreeable  odour, 
sparingly  soluble,  or  insoluble  in  water,  and  boiling  at  a  lower 
temperature  than  the  metameric  alcohols.  In  chemical  behaviour 
there  is  a  considerable  difference  between  the  simple  and  mixed 
ethers  derived  from  the  carbinols — or  alcohols  which  may  be  re- 
garded as  formed  from  carbinol,  CH3.OH,  by  the  displacement 
of  one  or  more  of  the  three  atoms  of  hydrogen  in  the  CHg  group  by 
hydrocarbon  radicles — and  the  mixed  ethers,  such  as  methylphenyl 
ether,  CHg.O.CgHg,  derived  from  the  phenols  and  carbinols.  The 
former  are  slowly  decomposed  when  heated  with  water,  and 
reconverted  into  alcohols : 

C,H,.O.C,H,  +  OH,  =   2C,H,.0H. 

On  digestion  with  concentrated  sulphuric  acid,  they  yield  the 
corresponding  acid  ethereal  sulphates : 

(C,\i^)f)   +   H,SO,  =  C,H,.HSO,   +  C.Hj.OH; 
C2H5.OH  +   H^SO,  =  C.H^.HSO,  +   OH3. 

When  submitted  to  the  action  of  the  haloid  phosphorus  com- 
pounds they  are  converted  into  haloid  hydrocarbon  derivatives  : 

C,H,.O.C,H,   +   PCI,  =   aCjH.Cl  +  POCI3. 

The  ethers,  however,  are  much  less  readily  acted  upon  by  the 
haloid  phosphorus  compounds  than  the  alcohols.  They  are  also 
converted  into  haloid  hydrocarbon  derivatives  by  the  action  of 
the  haloid  acids,  hydriodic  acid  decomposing  them  most  readily; 
thus: 

(C,H,),0   +   HI  =  C,H,I    +   C.H^.OH. 

Silva  has  shown  [Compt.  Rend.  Ixxxi.  323),  that  when  the  mixed 
ethers  of  the  CnHgj^^^.O.CjnHgjn^^  series  are  decomposed  by  saturat- 
ing them  with  hydriodic  acid  gas  in  the  cold,  the  radicle  containing 
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the  fewest  carbon  atoms  is  separated  as  iodide,  ethyl  methyl  ether, 
for  example,  being  almost  entirely  broken  up  in  accordance  with 
the  equation  : 

CH3.O.C2H5   +    HI  =  CH3I   +    CgH^.OH. 

On  the  other  hand,  the  mixed  ethers  formed  from  the  phenols 
by  displacing  the  hydrogen  of  the  OH  group  by  radicles  derived 
from  the  hydrocarbons  of  the  paraffin  or  olefine  series  are 
scarcely,  if  at  all,  altered  by  heating  with  water.  They  furnish 
haloid  substitution  derivatives  when  submitted  to  the  action  of 
the  haloid  phosphorus  compounds  : 

CgH5.0.CH3  +  PCI5   =   CgH^CLO.CHg   +  HCl  -f   PClg. 

They  are'  converted  into  sulphonic  acids  by  the  action  of  sulphuric 
acid: 

CgHg.O.CHg   +   H2SO4  =  CgH,(HS03).O.CH3   +    OH^. 

And  they  are  decomposed  by  the  haloid  acids,  although  much  less 
readily  than  the  ethers  derived  solely  from  the  carbinols,  in  the 
manner  represented  by  the  equation : 

CgHg.O.CHg   +   HI  =  CgHg.OH   +   CH3I. 

Both  classes  of  ethers  are  oxidized  with  difficulty,  especially 
those  derived  from  the  phenols ;  but  when  oxidized,  they  furnish 
essentially  the  same  products  as  the  alcohols  from  which  they  are 
derived. 

The  ethers  corresponding  to  the  dihydric  alcohols,  to  judge 
from  the  behaviour  of  those  derived  from  the  glycols,  are  far  less 
inert  compounds  than  those  formed  from  monohydric  alcohols. 
Thus,  ethylenic  oxide  readily  combines  with  water  and  the  haloid 
acids  in  the  manner  expressed  by  the  equations : 

C^H.O    +   OR,  =   C,H,(0H)2 
C^H.O    4-    HCl   =   CgH.Cl.OH. 

The  following  ethers  derived  from  monohydric  alcohols  are 
known : 

Ethers  of  the  CJl^n  +  i-O-C^iHam  4. 1  Series. 

M.  p.  B.  P.  °C. 

Methyl  ether CH3.O.CH3                 —  -21° 

Methyl  ethyl  ether CHg.O.C.H,                —  +11° 

Ethyl  ether C,H,.O.C,H,               —  35°-5 

Methyl  propyl  ether CH3.O.C3H,*              —  49^-52'' 

Ethyl  propyl  ether Cfi^.O.Cfi^'^             —  68°-7o° 

Propyl  ether CgH^'*  .O.C^Hy*           —  86° 

Isopropyl  ether C3H/ .O.C^H^^          —  60° 

Ethyl  butyl  ether C^E^.O.C^U-            —  9i°7 
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B.  P.  °  C. 

92° 
112° 

i4o°'5 

110° 

i25°-i3o° 

176° 


about  300^^ 


Ethylisobutyl  ether* CJl^.O.Cfi/ 

Methyl  isoamyl  ether* CH3.0.C^Hj^ 

Ethyl  isoamyl  ether C^H^.O.O^H^^- 

Butyl  ether C^H,«  .O.C^H,- 

Isobutyl  ether C^H/ .O.C.H/ 

Propyl  isoamyl  ether ^3^7*  -^-^s^ii  ~ 

Isoamyl  ether ^s^ir^'^s^n 

Ethyl  cetyl  ether       ......  C.R^.O.C^,}!,,  2< 

Isoamyl  cetyl  ether ^s^n-^-^is^&i  3< 

Cetyl  ether C^e^ss-^^-^^ieiiss  5  J 

Mhers  of  the  {CJl^^_^)fi  and  C^B.^_^.O.CJi,^  +  ^  Series. 

Ally!  ether C3H^.O.C3H,  —         Ss°-Sf 

AUyl  methyl  ether C.H^.O.CHg  —  46° 

Allyl  ethyl  ether CgH^.O.C.H,  —  64° 

Allyl  isoamyl  ether CgH^.O.C^H,,  —  120° 

Isocrotyl  methyl  ether (CH3),CzCH.OCH3  —  7o"-74° 

Isocrotyl  ethyl  ether (CH3),CzCH.0C,H^  —  92°-94° 

Uthers  of  the  CJcL^a-s-^-^rfl^n  + 1  Series. 

Propargyl  methyl  ether       ....  C3H3.O.CH,  —  6i°-62° 

Propargyl  ethyl  ether CgHg.O.C^H^  —  8i°-85° 

Propargyl  isoamyl  ether      ....  Cfl^.O.Cfl.^^  —        I40°-T45' 


Mhers  of  the  {C^'Ri^-T)fi  and  CnHsn.y.O.CnHgn  +1  Series. 


Phenyl  ether C,H,.O.C,H^  28° 

Phenyl  benzyl  ether C,H,.O.CH,.CgH,      39' 

Phenyl  methyl  ether CgH^.O-CHg  liquid 

Phenyl  ethyl  ether C.H^.O.C^Hg 

Phenyl  isoamyl  ether CgHg.O.CgHjj 

Phenyl  allyl  ether CgH^.O.CgHg 

Orthocresyl  methyl  ether     .      .     .     .  "j 

Metacresyl      „  „         ....  VCHg.C.H^.O.CH 

Paracresyl       „  „  .      .     .      ,  ) 

^S'',f'  ::    :  :  :  :}ch3.c.h..o.ca{ 

Benzyl  methyl  ether CgH^.CH2.0.CH3 

Benzyl  ethyl  ether     ......     CgH^.CH^.O.C^H, 

Thymyl  methyl  ether )  CH3   )  c,H,.O.CF 

Cymenyl     „  „ j  Cglly  j     e    s  s 

Thymyl  ethyl  ether C^^H^g.O.C^H, 

Allylphenyl  methyl  ether  (anethol)    .     C3Hg.C,H,.O.0H3 

Mhers  of  the  CnHgn-ia.O.CnHan  + 1  Series. 

a-Naphthyl  ethyl  ether IpTTOPTT*     /  liquid 

^-Naphthyl    „  „ J  ^io^r-^-S^5         \    33O  _ 

(1586)  Methtlic  oxide  or  ethee:  CH3.O.CH3. — To  prepare  this  ether, 
a  mixture  of  i"3  pts.  methylic  alcohol  and  2  pts.  concentrated  sulphuric  acid  is 
gradually  heated  in  a  flask  attached  to  a  reversed  condenser  to  140°  (284°  F.)  ; 
gas  begins  to  be  regularly  evolved  at  110°  (230°  F.),  and  is  passed  through 
sodic  hydrate  solution  to  free  it  from  sulphurous  anhydride,  and  then  into 
sulphuric  acid  which  is  cooled  by  water.     The  acid  dissolves  about  600  times 

*  The  isobutyl  and  isoamyl  ethers  have  all  been  prepared  from  the  fermen- 
tation alcohols :  the  latter  are  therefore  mixtures. 


2V 


248° 
287° 

172 

o 

225 

i92°-i95 
174° 

i75°-i76 
174° 
191'' 
188° 
168° 

185° 
2i6°7 
2i6°-8 

222° 
232° 

28o°-7 
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its  volume  of  the  gas,  probably  forming  the  compound  SO(OH)2(OCH3)2 ;  the 
solution  may  be  preserved  for  any  length  of  time,  and  the  ether  liberated  when 
required  by  allowing  it  to  drop  into  water  (Erlenmeyer  and  Kriechbaumer,  Deuf. 
chem.  Ges.  Ber.,  vii.  699). 

Methylic  ether  is  a  colourless  gas  of  pleasant  ethereal  odour,  which  may  be 
condensed  by  a  refrigerating  mixture  of  ice  and  salt,  or  by  pressure,  to  a  liquid 
boiling  at  about  — 2i°(-5°'8  F.).  On  account  of  its  volatility,  it  is  employed  in 
the  artificial  production  of  ice.  Water  at  18°  (64°'4  F.)  dissolves  37  times  its 
volume  of  the  gas.  When  it  is  passed,  together  with  hydrochloric  acid,  through 
well-cooled  tubes,  a  liquid  condenses  which  varies  somewhat  in  composition 
according  to  the  pressure  under  which  it  is  produced,  but  apparently  consists  of 
the  compound  C^HgO.HCl  with  more  or  less  of  the  ether  or  of  hydrochloric  acid 
dissolved  in  it  according  to  circumstances;  it  boils  at  —  1°  (29°"8  F.),  but  is  in 
great  part  dissociated  (Friedel,  Compt.  Rend.  Ixxxi.  152,  236). 

It  combines  with  sulphuric  anhydride,  forming  methylic  sulphate  (€113)280^. 
When  submitted  to  the  action  of  chlorine  in  sunlight,  it  furnishes  chlorinated 
derivatives.  The  monochloro-derivative,  CHg.O.CH^Cl,  boils  at  59°'7  (i  39°*5  F.) ; 
it  is  dissolved  by  water  and  decomposed  into  hydrochloric  acid,  methylic  alcohol, 
and  so-called  trioxymethylene — the  polymeride  of  formic  aldehyde;  ammonia 
converts  it  into  hexamethylenaraine ;  and  it  readily  acts  on  dry  potassic  acetate 
forming  the  compound  CH3.0.CH2(C2H302)  (Friedel,  ibid.  Ixxxiv..  247).  The 
dichlorinated  derivative,  CH^Cl.O.CHjCl,  boils  at  105°  (221°  F.),  and,  when  de- 
composed by  water,  yields  hydrochloric  acid,  and  the  polymeride  of  formic  aldehyde. 

(1587)  Ethylic  OXIDE  or  ether;  Ether;  Sulphuric  Ether  : 
CgHg.O.CgHg. — Ethylic  ether  may  be  formed  in  a  variety  of 
ways,  but  on  the  large  scale  it  is  always  prepared  from  ethylic 
alcohol  by  the  so-called  continuous  process  of  Boullay. 

A  mixture  of  5  pts.  90  per  cent,  alcohol  and  9  pts.  concentrated  sulphuric 
acid  is  heated  to  a  temperature  of  140° — 145°  (284° — 293°  F.)  in  a  vessel  pro- 
vided with  an  efficient  condenser,  and  a  constant  stream  of  alcohol  is  allowed  to 
flow  in  at  such  a  rate  that  the  temperature  of  the  mixture  is  maintained  at  about 
140°  (284°  F.).  The  liquid  which  passes  over  consists  almost  entirely  of  ether 
and  water,  mixed  with  a  small  portion  of  alcohol  which  has  distilled  over  unchanged; 
the  quantity  of  alcohol  which  thus  escapes  etherification  depending  upon  the  rapidity 
with  which  the  operation  is  conducted,  being  greater  the  more  quickly  it  is  per- 
formed. The  other  impurities  are  sulphurous  anhydride,  acetic  acid,  and  a  little 
so-called  oil  of  wine,  which  is  a  mixture  of  ethylic  sulphate,  (€211^)2804,  and 
hydrocarbons  polymeric  with  ethylene. 

In  order  to  purify  the  ether,  it  is  agitated  with  an  equal  volume  of  milk  of 
lime,  and  is  then  rectified  from  the  water  bath.  But  it  still  retains  alcohol  after 
being  thus  treated ;  this  may  be  in  great  part  removed  by  agitating  it  repeatedly 
with  water,  after  which  it  may  be  dried  or  rendered  absolute  by  means  of  quick- 
lime or  fused  calcic  chloride,  and  then  rectified.  The  last  traces  of  alcohol,  how- 
ever, can  only  be  removed  by  allowing  the  dry  fether  to  remain  for  a  considerable 
time  in  contact  with  metallic  sodium,  and  then  distilling  it  from  the  water  bath, 
or  by  distilling  it  several  times  from  sodium. 

The  formation  of  ether  in  this  manner  is  generally  regarded  as  the  result  of 
two  distinct  changes,  the  first  of  which  consists  in  the  production  of  ethylic 
hydric  sulphate : 

C,H,.OH    +    H,SO,   -    C^H^.HSO,    +    OH,; 
which  then  enters  into  reaction  with  a  further  portion  of  alcohol  to  form  ethylic 
ether  and  sulphuric  acid : 

C,H,.HSO,   +    C,H,.OH    =    (C^HJp    +   H,SO,. 
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The  sulphuric  acid  thus  liberated  is  again  converted  into  ethylic  hydric  sul- 
phate, which  is  in  turn  decomposed  by  the  alcohol,  and  this  cycle  of  changes  is 
repeated  over  and  over  again.  Theoretically,  therefore,  the  same  quantity  of 
acid  should  suffice  to  convert  an  unlimited  amount  of  alcohol  into  ether,  but 
practically  this  is  not  the  case,  chiefly  because  oxidation  and  carbonization  take 
place  at  the  expense  of  the  acid,  i  pt.  of  acid  being  capable  of  converting  only 
about  5  pts.  of  alcohol  into  ether.  If  the  temperature  be  allowed  to  rise  above 
about  145°  (293°  F.),  the  ethylic  hydric  sulphate  undergoes  decomposition  into 
ethylene  and  sulphuric  acid,  and  below  about  140°  (284°  F.),  the  etherification 
of  the  alcohol  takes  place  very  slowly,  for  although  ether  may  be  formed  by 
heating  ethylic  hydric  sulphate  with  alcohol  at  100°  (2 1 2°  F.),  it  is  only  at  about 
140°  (293°  F.)  that  the  change  is  rapidly  effected;  moreover,  if  the  temperature 
be  not  considerably  above  100°  (212°  F.),  the  water  produced  in  the  reaction 
does  not  distil  over,  and  the  acid  becomes  too  weak  to  effect  the  etherification. 

The  most  conclusive  proof  of  the  correctness  of  this  explanation  is  afforded  by 
Williamson's  observation  that  if  a  mixture  of  (fermentation)  amylic  alcohol  and 
sulphuric  acid — i.e.,  amylic  hydric  sulphate,  be  submitted  to  distillation  with 
ethylic  alcohol,  the  mixed  ether,  isoamyl  methyl  ether,  is  produced,  the  residue  in 
the  retort  when  only  ethylic  ether  passes  over  consisting  of  ethylic  hydric  sul- 
phate ;  thus : 

C,H,,.OH.   +   H,SO,   =   C^H^^.HSO,    +    OH,; 
C,H,,.HSO,    +   C^H^.OH   =    C,H^,.O.C,H^   +    H^SO,. 

Ether  is  also  produced  on  distilling  ethylic  sulphate  with  alcohol  (Erlenmeyer), 
and  it  is  possible  therefore  that  the  following  reactions  play  a  part  in  the  forma- 
tion of  ether  by  the  continuous  process  : 

■       2C,H,.0H    +    H,SO,   =    (C,H,),SO,   +    2OH,; 

(C,H,),SO,   +    C,H,.OH    =    (C,H^),0   +    C.H^.HSO,. 
(C,H,),SO,   +    2C,H,.0H   =    2(C,HJ,0   +    H^SO,. 
Other  methods  of  converting  alcohol  into  ether  are  by  heating  it  under  pres- 
sure with  sulphuric  acid  diluted  with  water  (Reynoso,  Ann.    Ckem.  Thys.    [3], 
xlviii.    435  ;  Erlenmeyer,  Ann.    Chem.   Pharm.  clxii.   373),  with  the  haloid 
acids,  or  with  the  monohaloid  derivatives  of  ethane  ;  for  example : 
C.H^.OH   +    HCl    =    C.H^Cl   +   OH,; 
C.H^.OH   +   C,H,C1   =    (C^HJ^O    +    IlCl. 

Various  salts  are  also  capable  of  etherifying  alcohol,  apparently  without 
undergoing  change  themselves.  Thus  Eeynoso  has  found  that  ether  is  produced 
in  considerable  quantity  on  heating  alcohol  at  240°  (464°  F.)  in  sealed  tubes 
with  the  sulphates  isomeric  with  magnesic  sulphate,  or  with  the  chlorides  of 
cadmium,  cobalt,  copper,  and  manganese,  or  with  bromide  or  iodide  of  cadmium. 
If  normal  alurainic  sulphate  be  employed,  the  etherification  takes  place  between 
200°  and  240°  (392°  and  464°  F.),  without  liberation  of  gas,  and  with  but 
little  formation  of  basic  sulphate ;  when  alum  is  used  the  results  are  similar, 
but  the  alcohol  is  etherified  at  a  lower  temperature.  Aluminic,  ferric,  and  zincic 
chlorides  furnish  a  mixture  of  ether  and  monochlorethane.  There  can  be  little 
doubt  that  in  most  of  these  cases  the  etherification  is  due  to  the  action  of  a  small 
amount  of  acid  formed  by  the  decomposition  of  a  portion  of  the  salt  employed ;  in 
others  perhaps  it  is  at  least  partially  the  result  of  successive  changes  such  as  are 
represented  by  the  following  equation  :     • 

ZnCl^    +    C,H,.OH    =    ZnCl.OC^H^   +   HCl. 
ZnCl.OC^H,    +    C,H,.OH   =   ZnCl.OH    +    {C^YL^fi. 
In  all  these  cases,  however,  the  alcohol  is  never  completely  converted  into 
ether  in  consequence  of  the  occurrence  of  changes  which  are  the  reverse  of  those 
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by  which  the  ether  is  formed.     For  example,  when  monochlorethane  is  heated 
with  alcohol,  not  only  is  ether  produced,  but  the  hydrochloric  acid  which  is  the 

accessory    product    reacts   more    or   less   upon  the  ether  and  reconverts  it  into 

alcohol  and  monochlorethane  ;  thus  : 

C.H^.OH   +    C^H^Cl    =    HCl   +   (C,H^)P; 
(C,HJ,0    +    HCl    =    C^H^.OH   +    C,Hp. 
The    extent    to    which  changes  of    this  kind  occur  depends  chiefly  upon  the 
relative  amounts  of  the  difierent  substances  present,  and  on  the  temperature  to 
which  the  mixture  is  heated. 

Ethylic  ether  is  a  colourless,  transparent,  very  mobile  liquid, 
having  a  peculiar  exhilarating  odour  and  sharp,  burning  taste, 
with  cooling  after  taste.  It  boils  at  ^S^'^  (9^°  ^•)}  ^^^  at 
0°  (32°  F.)  has  the  sp.  gr.  736.  Dry  ether  does  not  solidify,  even 
in  a  mixture  of  carbonic  anhydride  and  ether  (Franchimont).  It 
is  very  inflammable,  and  its  vapour  detonates  with  great  violence 
when  mixed  with  air  and  ignited.  It  dissolves  in  about  9  pts.  of 
water  at  ordinary  temperatures,  and  itself  dissolves  about  one- 
eleventh  of  its  weight  of  water ;  it  is  miscil^e  in  all  proportions 
with  anhydrous  methylic  and  ethylic  alcohols,  and  with  many 
other  liquids.  It  readily  dissolves  most  highly  hydrogenized 
carbon  compounds,  which  are  sparingly  soluble  in  alcohol,  such 
as  fats  and  resins,  but  is  very  seldom  a  good  solvent  for  substances 
which  are  easily  soluble  in  alcohol. 

Ether,  also  dissolves  bromine  and  iodine,  and  many  metallic 
bromides  and  chlorides  in  considerable  quantity.  The  solu- 
tion of  these  substances  by  ether  is  apparently  connected  with  the 
fact  that  they  form  compounds  with  it.  Thus,  on  mixing  together 
bromine  and  ether  in  a  vessel  surrounded  by  a  refrigerating 
mixture  of  ice  and  salt,  a  red  crystalline  body  of  the  composition 
(C4HjQO)2Brg  is  obtained,  which  melts  at  22°  (7i°'6  F.)  and  does 
not  give  ofi"  bromine  under  the  ordinary  pressure,  but  gradually 
undergoes  spontaneous  decomposition  and  becomes  liquid  when 
kept;  it  is  instantly  resolved  by  water  into  its  generators  (Schiit- 
zenberger,  Compt,  Rend.  Ixxv.  151 1).  In  a  similar  manner,  crys- 
talline compounds  of  ether  with  stannic  chloride,  2C4HjQO.SnCl^, 
with  titanic  chloride,  C^Hj^CTiCl^,  and  vanadic  oxychloride,  • 
VOClg.C^HjoO  (Bedson,  Journ.  Chem.  Soc.  1876,  i.  309),  with 
antimonic  chloride,  SbClg.C^H-^oO  (Carleton  Williams,  ibid., 
ii.  463),  and  with  many  other  chlorides,  &c.  (comp.  Nickles, 
Compt.  Rend.,  Hi.  396;  Iviii.  537;  Ix.  479,  800),  may  be  obtained 
by  mixing  the  chlorides  with  ether,  taking  care  to  prevent  rise  of 
temperature.  They  are  all  decomposed  by  water,  and  decompose 
either  spontaneously  when  kept,  or  on  heating;  the  titanium 
compound,  C^Hj^CTiCl^,  for  example,  when  heated,  is  converted 
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into  tlie  chlorethylin  TiClg.OCgHg  and  chlor ethane.  The  stannic 
chloride  compound,  however,  is  said  to  volatilize  unchanged. 

Ether  burns  with  a  much  more  luminous  flame  than  alcohol, 
and  soot  is  deposited  on  cold  bodies  introduced  into  the  flame. 
If  burned  with  insufficient  air,  by  passing  the  vapour  mixed  with 
air  over  platinum  black  for  example,  it  yields  a  mixture  of 
aldehyde  with  acetic  acid  and  acetal.  It  also  gradually  absorbs 
oxygen  on  exposure  to  the  air;  according  to  Kingzett  {Year  Book 
of  Pharmacy,  1876,  554),  hydric  peroxide  and  perhaps  ethylic 
acetate  are  produced  by  its  atmospheric  oxidation.  With  other 
oxidizing  agents,  it  yields  products  similar  to  those  obtained 
under  analogous  conditions  from  alcohol,  but  is  much  less  readily 
acted  upon  than  the  latter  ;  thus,  when  heated  with  nitric  acid,  it 
furnishes  carbonic  anhydride,  and  acetic  and  oxalic  acids. 

It  is  slowly  decomposed  in  contact  with  water,  even  at  ordi- 
nary atmospheric  temperatures,  and  much  more  rapidly  when 
heated  with  it,  being  converted  into  alcohol;  this  change  is 
facilitated  by  acids,  but  not  by  alkalies.  In  contact  with  sodic 
chloride,  calcic  chloride,  or  anhydrous  cupric  sulphate,  it  is  slowly 
decomposed,  acquiring  the  property  of  giving  the  iodoform  reac- 
tion, which  is  not  the  case  with  ether  which  has  been  many 
months  in  contact  with  potassic  hydrate  or  carbonate;  this  is 
perhaps  due  to  the  formation  of  an  ethylate,  thus : 

CuSO,   +   {C,U,)f>  =  C,H,O.SO,.O.Cu.OC,H,. 

(Lieben,  Ann.  Chem,  Pharm.,  clxv.  134).  Potassium  and  sodium 
are  without  action  on  pure  ether.  It  combines  with  sulphuric  an- 
hydride, forming  ethylic  sulphate,  (03115)2804;  and  when  warmed 
with  concentrated  sulphuric  acid,  it  yields  hydric  ethylic  sulphate. 

(1588)  Chlorinated  Derivatives  of  Ethylic  Ether. — Chlorine  acts  very 
readily,  even  at  temperatures  below  0°  (32°  F.),  on  ether,  converting  it  in  the 
first  instance  into  monochlorinated  ether,  from  which,  by  the  continued  action  of 
chlorine  in  diffused  light,  di-,  tri-,  tetra-  and  pentachlorether  are  formed  ;  and  by 
the  prolonged  action  of  chlorine  assisted  by  siinlight,  the  perchlorinated  compound 
C^CI^qO  is  finally  produced. 

Monochlorether,  CgHg.O.CHCl.CHj,  is  the  first  product  of  the  action  of 
chlorine  on  carefully  cooled  ether ;  it  may  also  be  obtained  by  saturating  a 
mixture  of  aldehyde  with  twice  its  volume  of  anhydrous  alcohol  with  hydrochloric 
acid  gas,  its  formation  in  the  latter  case  being  represented  by  the  equations : 

CH3.COH    +    HCl    =    CH3.CHCI.OH; 
CH,.CHC1.0H    +    C.H^.OH    =    CHg.CHCl.O.C^H^   +    HCl. 

It  is  a  colourless  liquid,  boiling  with  slight  decomposition  at  97° — 98°  (2o6°*6 
— 2o8'''4  F.).  Concentrated  sulphuric  acid  decomposes  it  with  formation  of 
aldehyde,  ethylic  hydric  sulphate,  and  hydrochloric  acid  (Jacobsen,  Deut.  chem. 
Ges.  Ber.,  iv.  215) : 

CH3.CHC1.0.C,H^    +    H,SO,    =    C^H^.HSO,    +    CH3.COH    +    HCl. 
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BicMor ether,  C^H^.O.CHCl.CH.Cl,  is  the  chief  product  of  the  action  of 
chlorine  on  ether  at  temperatures  not  exceeding  20° — 30°  (68° — 86°  F.) 
(Lieben,  Ann.  Chem.  Pharm.,  cxlvi.  180  ;  clxxviii.  29;  Abeljanz,  ihid.,  clxiv. 
197  ;  Jacobsen,  loc.  cit).  It  is  best  prepared  by  passing  chlorine  into  ether 
cooled  to  o""  (32°  F.),  and  after  some  time  distilling  the  product  in  the  water 
bath  ;  the  distillate  is  again  submitted  to  the  action  of  chlorine,  and  the  product 
distilled,  and  this  treatment  repeated  until  the  amount  volatile  below  100° 
(212°  F.)  becomes  very  small.  The  residues  are  then  distilled  until  the  boiling 
point  reaches  136°  (276°'8  F.),  the  distillate  is  treated  with  chlorine, and  finally, 
after  another  repetition  of  this  treatment,  the  entire  product  not  volatile  below 
136°  (2  76°*8  F.)  is  submitted  to  fractional  distillation. 

It  is  a  limpid,  colourless  liquid,  boiling  with  slight  decomposition  at  about 
145°  (293°  F.).  Like  monochlorether  it  is  slowly  decomposed  by  water  at 
ordinary  temperatures,  and  more  rapidly  on  heating,  yielding  a  mixture  of 
the  monethylin  of  monochloraldehydrol,  CH2Cl.CH(OH).OC2Hg,  which  boils 
at  95°  —  96°  (203°  —  204°-8  F.),  with  the  condensation  product 
[CH2Cl.CH(OC2HJ]p,  which  boils  at  about  165°  (329°  F.).  On  treat- 
ment with  concentrated  sulphuric  acid  it  furnishes  monochloraldehyde,  hydric 
ethylic  sulphate,  and  hydrochloric  acid  : 

CH,C1.CHC1.0C,H,   +   H,SO,  =    CH.Cl.COH    +   C.H^.HSO,    +    HCl. 

By  the  action  of  sodic  ethylate  it  is  converted  into  monochloracetal, 
CH2C1.CH(0C2H5)2.  Phosphoric  pentachloride  acts  upon  it  chiefly  in  the 
manner  represented  by  the  equation : 

CH^CICHCIOC^H,  +  PCI,  =  CH^CLCHCl,  +  C.H^Cl  +  POCl,. 

An  isomeric  dichlorether,  CHg.CHCl.O.CHCl.CHg,  is  formed  on  satui-ating 
anhydrous  aldehyde  cooled  to  0°  (32°  F.)  with  hydrochloric  acid  gas  : 

CH3.COH   +    HCl   =    CHg.CHCKOH) ; 
CHj.CHCKOH)    +    CHg.CHCKOH)    =    CH3.CHCI.O.CHCI.CH3   +    OH,. 

It  is  a  colourless,  limpid  liquid,  boiling  at  about  116°  (24o°'8  F.);  it  is  much 
more  easily  decomposed  by  water  than  the  isomeric  compound,  being  converted 
into  aldehyde  and  hydrochloric  acid  (Lieben,  Ann.  CJiem.  Pharm.,  clxxviii.  43). 

The  dichlorethers  readily  exchange  their  chlorine  for  hydrocarbon  radicles 
when  submitted  to  the  action  of  the  zinc  organo-metallic  compounds  (comp. 
pp.  411,  452). 

TricMorether,  CHClj.CHCl.OC^Hg.— In  order  to  convert  dichlorether  into 
the  higher  chlorinated  derivatives,  the  action  of  chlorine  requires  to  be  assisted 
by  heat;  the  tri-,  tetra-, and  pentachlorinated  compounds  have  not  been  isolated 
from  the  product  in  the  pure  state,  however,  as  they  partially  decompose  on  distilla- 
tion, although  their  presence  may  be  indirectly  proved  by  the  action  of  sodic 
ethylate  and  of  sulphuric  acid  on  the  product.  Thus  when  the  residue  boiling 
above  155°  (311°  F.)  obtained  in  the  preparation  of  dichlorether  is  submitted 
to  the  action  of  sodic  ethylate,  a  product  is  obtained  from  which  dichloracetal, 
CHClj.OHlOCgHJj,  may  be  separated  by  fractional  distillation,  proving  the 
presence  of  a  trichlorether  of  the  formula  CHC1,.CHC1.0C,H^  (Jacobsen). 

Similarly,  the  product  obtained  by  carrying  on  the  action  of  chlorine  for 
some  time  at  about  90°  (194°  F.),  when  treated  with  concentrated  sulphuric 
acid,  yields  a  considerable  quantity  of  chloral,  CClj.COH,  and  therefore  contains 
the  tetrachlorether  CClg.CHCl.OC^Hj  (Jacobsen).  This  ether  may  be  obtained 
in  the  pure  state  by  the  action  of  phosphoric  pentachloride  on  the  monethylin  of 
trichloraldehydrol  (Henry,  Deut.  chem.  Ges.  Ber.,  iv.  loi)  ; 

CC1,.CH(0H).0C,H,   +    PCI,   =    CClg.CHCl.OC.H,    +    HCl    +   POCl,. 
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It  boils  at  190°  (374°  F.);  by  heating  with  alcohol,  it  is  converted  into 
trichloracetal,  CCl3.CH(OC2H5)2,  and  also  furnishes  this  compound  when  acted 
upon  by  sodic  ethylate  or  by  a  very  strong  alcoholic  solution  of  potassic  hydrate, 
but  a  10  per  cent,  solution  of  potassic  hydrate  apparently  converts  it  into  the 
compound  CCl^ZlCCl.OCgHg  (Wurtz  and  Vogt,  Compt.  Rend.,  Ixxiv.  777; 
Paterno  and  Pisati,  Gaz.  chim.  ital.,  ii.  333). 

The  end  product  of  the  action  of  chlorine  in  diffused  light,  assisted  by  heat, 
is  the  pentachlor ether,  CClg.CClg.OC^Hg.  Hence  it  appears  that  the  action  of 
chlorine  on  ether  in  diffused  light  is  restricted  to  the  one  ethyl  group,  and  that  the 
order  in  which  the  hydrogen  atoms  are  displaced  may  be  represented  by  the  formula 
CHj.CHg.OCgHg  (Jacobsen)  ;  the  crude  mixture  of  higher  chlorinated  derivatives 

2-3*4-i'5 

has  not  yet  been  sufficiently  investigated,  however,  to  enable  us  to  state  that 
displacement  takes  place  only  in  this  order  (comp.  Henry,  Deut.  cliem.  Ges.  Ber., 
vii.  763). 

An  isomeric  pentachlorether,  CClg.CHCl.O.CHg.CH.^Cl,  may  be  obtained  by  the 
action  of  phosphoric  pentachloride  on  the  compound  CCl3.CH(OH).O.CH2.CH2Cl, 
formed  by  the  union  of  chloral  with  the  chlorhydrin  of  glycol,  CH2(0H).CH2C1 ; 
it  boils  without  change  at  235°  (455°  P.)  (Henry,  loc.  cit.) 

Perchlorethylic  ether,  C^CI^qO,  the  end  product  of  the  prolonged  action  of 
chlorine  on  ether  in  sunshine,  according  to  Eegnault,  by  whom  it  was  discovered 
in  1830,  is  a  crystalline  substance  which  melts  at  69°  (i56°'2  P.);  it  boils  at 
about  300°  (572°  P.),  but  is  at  the  same  time  resolved  into  hexachlorethane 
and  trichloracetic  chloride  :  (C^CIJ^O  =  C^Cl,  +  CCI3.COCI. 

The  remaining  homologues  of  ethylic  ether,  which  have  mostly 
either  been  prepared  by  the  action  of  sulphuric  acid  on  the  corre- 
sponding alcohols,  or  by  heating  monohaloid  derivatives  of  paraffins 
with  the  sodium  derivatives  of  the  alcohols  of  the  ethylic  series, 
manifest  the  closest  resemblance  in  their  properties  to  ethylic  ether. 

(1589)  Ethees  of  the  (CQH2n_i)20  AND  O^YL^j^  +  ^.O.CJl^^^^  Seeies.— • 
These  ethers  are  prepared  by  methods  precisely  similar  to  those  employed  in 
the  preparation  of  the  ethers  of  the  ethylic  series,  and  they  appear  to  bear  the 
same  relation  in  properties  to  these  latter,  that  ally  lie  alcohol  bears  to  ethylic  alcohol. 
According  to  £ltekoff"s  recent  experiments,  however  {Deut.  chem.  Ges.  Ber., 
X.  704),  the  behaviour  of  the  ethers  of  the  form  {GJ^2n+\)fi^^^^-^^n^2n+\> 
when  heated  with  dilute  sulphuric  acid,  is  somewhat  peculiar,  isocrotyl  ethyl 
ether  (p.  396),  (CH3)2CziCH.0C2Hg,  being  apparently  thereby  converted  into 
isobutyric  aldehyde,  (CH3)2CH.COH,  and  ethylic  alcohol. 

(1590)  Ethees  of  the  CnH^n  +  i.O.CnHjn.g  Seeies. — The  ethers  of  this 
series  are  obtained  from  the  corresponding  terms  of  the  CQH2n+i.O.CnH2n_i  series 
by  combining  them  with  bromine,  and  submitting  the  bromides  obtained  to  the 
action  of  an  alkali.  Por  example,  ethyl  allyl  ether,  C^E^^.O.Q,^^,  unites 
directly  with  bromine,  forming  the  dibromide  C^Hg.O.CgHgBr^,  and  on  distilling 
this  compound  in  the  oil  bath  from  pieces  of  solid  sodic  hydrate,  ethyl 
monobromallyl  ether,  C^Hg.O.CgH^Br,  is  prodiiced.  This  is  a  colourless 
liquid  of  pleasant  odour,  boiling  at  130° — 135°  (266° — 275°  P.);  by  heating 
with  a  very  concentrated  alcoholic  solution  of  potassic  hydrate,  it  is  readily  con- 
verted into  ethyl  propargyl  ether,  C^Hg.O.CgHg  (Henry,  Deut.  chem.  Ges.  Ber., 
v.  188  ;  274).  This  ether  is  also  formed  by  the  action  of  an  alcoholic  solution 
of  potassic  hydrate  on  a-tribromopropane  (tribromohydrin),  and  several  other 
chloro-  and  bromo-derivatives  of  propane  and  propylene  (comp.  Liebermann  and 
Kretschmer,    Ann.    Chem.    Pharm.^   clviii.   230).     It  is  a  mobile  liquid  of 
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penetrating  odour,  lighter  than  water,  hoiling  slightly  above  80°  (176°  F.)  ;  it 
combines  with  bromine  to  form  the  compound  CgHgBr^.O.CgHg,  which  is  re- 
converted into  the  ether  by  the  action  of  sodium  amalgam  on  its  alcoholic  solution. 
It  also  exhibits  the  property,  which  is  apparently  characteristic  of  all  propargyl 
compounds,  that  of  forming  metallic  derivatives.  Thus,  on  adding  a  concen- 
trated solution  of  argentic  nitrate  to  its  alcoholic  solution,  a  crystalline  precipitate 
is  obtained  having  the  composition  (C3H2Ag.OC.,H5).,,AgN03,  which  on  treatment 
with  ammonia  is  converted  into  an  amorphous  silver  derivative  of  the  composition 
CgH^Ag.OC^Hg.  A  corresponding  cuprous  derivative,  {Cfl^.OC,^'i{^)J^\i^,  is 
obtained  as  an  amorphous  yellow  precipitate  on  the  addition  of  an  ammoniacal 
solution  of  cuprous  chloride.  The  ether  may  be  obtained  from  these  derivatives 
by  distilling  them  with  dilute  sulphuric  acid. 

(1591)  EtHEES    of   the    (CnHjn.y)^  AND    OnHan+i.O.CnHan-y  SeBIES. 

Phenylic  Ethek,  {CgR^)^0. — This  ether,  which  is  altogether  peculiar  in  its 
properties,  is  obtained  on  gently  warming  phenol  with  diazobenzene  sulphate : 

C,H  A-H,SO,  +  C,H,.OH  =  {CflXO  +  H,SO,  +  N, ; 

and  is  also  a  product  of  the  destructive  distillation  of  cupric  benzoate  (Hoffmeister, 
Ann.  Chem.  Pharm.,  clix.  1 94).  It  is  a  colourless  crystalline  substance,  having 
a  pleasant  odour  resembling  that  of  the  geranium,  is  almost  insoluble  in  water, 
but  easily  soluble  in  alcohol,  benzene,  or  ether;  it  melts  at  28°  (82°'4  F.),  and 
boils  at  246°  (474°"8  F.)  It  is  a  body  of  remarkable  stability,  for  it  is  not 
affected  by  heating  with  a  concentrated  solution  of  hydriodic  acid  to  250° 
(482°  F.),  or  by  long-continued  boiling  with  a  solution  of  chromic  anhydride  in 
glacial  acetic  acid,  or  when  passed  over  heated  zinc  dust ;  it  may  be  distilled  with 
phosphoric  pentachloride  without  undergoing  change,  and  when  heated  with  ic  in 
sealed  tubes  at  220°  (428°  F.)  is  merely  chlorinated.  It  dissolves  in  concentrated 
sulphuric  acid,  forming  the  disulpho-acid  (CgH^.  11803)20;  concentrated  nitric 
acid  converts  it  into  the  corresponding  dinitro-derivative,  which  crystallizes  in 
colourless  or  slightly  yellow  needles,  melting  at  135°  (275°  F.),  and  distilling  at  a 
high  temperature  unchanged;  whilst  by  adding  bromine  to  its  solution  in 
carbonic  bisulphide,  a  crystalline  dibromo-derivative  is  obtained,  which  melts  at 
54°  (i29°*2  F.),  and  distils  without  change  above  360°  (680°  F.). 

(1592)  Methyl  phenyl  Etheeoe  Anisol  :  CHg.O.CgHg. — The  simplest 
method  of  obtaining  this  ether  is  to  heat  in  a  flask  attached  to  a  reversed  condenser 
a  mixture  of  phenol  with  the  amount  of  potassic  hydrate  required  to  convert  it 
into  the  potassium  derivative,  a  slight  excess  of  methylic  iodide,  and  some 
methylic  alcohol;  when  the  action  is  complete,  the  product  is  separated  by  the 
addition  of  water,  and  purified  by  distillation.  This  method  may  be  employed 
for  the  preparation  of  all  the  homologous  ethers.  Methyl  phenyl  ether  may  also 
be  obtained   by  distilling   anisic  acid  with   baric  hydrate :   CgH^(0CH3).C00H 

=  CgHg.OCHg  +  COo,  and  on  this  account  it  is  frequently  termed  anisol. 

It  is  a  colourless  liquid  of  pleasant  odour,  insoluble  in  water,  of  the  sp.  gr. 
•991  at  15°  (59°  F.);  it  boils  at  152°  (305°-6  F.).  It  is  a  body  of  very  con- 
siderable stability,  as  it  resists  the  action  of  oxidizing  qgents,  and  is  not  reduced 
by  passing  over  heated  zinc  dust — by  which  treatment  phenol  is  converted  into 
benzene.  By  heating  with  a  concentrated  solution  of  hydriodic  acid  at  130° 
(266°  F.),  it  is  resolved  into  phenol  and  methylic  iodide;  hydrobromic  and 
hydrochloric  acids  decompose  it  in  a  similar  manner  at  higher  temperatures. 
When  submitted  to  the  action  of  chlorine  or  bromine,  or  of  nitric  or  sulphuric 
acids,  it  furnishes  substitution  derivatives ;  the  haloid  phosphorus  compounds 
act  in  a  similar  manner  (Henry,  Deut.  cJiem.  Ges.  JBer.,  ii.  710).  In  all  these 
cases,  hydrogen  in  the  C^  group  is  alone  displaced. 

The  homologues  of  methylphenyl  ether  exhibit  very  similar  properties,  but 
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their  behaviour  on  oxidation  is  different,  being  similar  to  that  of  the  hydrocarbons 
homologous  with  benzene.  Thus,  the  methyl-  ethers  derived  from  the  three 
isomeric  cresols  or  methyl  phenols,  CH3.CgH4.OH,  yield  on  oxidation  the  three 
corresponding  methoxy benzoic  acids,  CgH^(0CH3).C00H.  This  property  is  of 
considerable  practical  value,  as  it  is  often  possible  by  first  converting  the  phenols 
into  mixed  ethers  and  oxidizing  these  latter  to  ascertain  the  nature  of,  and  the 
"  position  occupied  by,"  the  hydrocarbon  side  chains  in  the  phenols,  which  cannot 
be  effected  by  the  oxidation  of  the  phenols  themselves.  For  example,  by  con- 
verting phlorol  from  beech  tar  creasote  (p.  494)  into  the  methyl  ether,  and  oxi- 
dizing this  latter,  Tiemann  and  Mendelsohn  {Deut.  chem.  Ges.  JBer.,  x.  61) 
liave  obtained  a  methoxyphthalic  acid,  CgH^(COOH)2.0CH3,  thus  proving  the 
phenol  in  question  to  be  a  diraethylphenol. 

Substitution  derivatives  of  meth3'l  phenyl  ether  and  of  the  homologous  ethers 
may  also  be  formed  from  the  substitution  derivatives  of  the  phenols  by  the  action 
of  the  monohaloid  derivatives  of  the  paraffins  on  their  metallic  derivatives.  Thus, 
by  heating  the  chlorophenols  with  potassic  hydrate  and  methylic  iodide,  they  are 
converted  into  corresponding  methyl  chlorophenyl  ethers,  and  similarly  by  the 
action  of  methylic  or  ethylic  iodide  on  the  silver  derivatives  of  the  nitrophenols , 
nitrophenyl  methyl  and  ethyl  ethers  are  obtained. 

By  heating  the  nitrophenyl  ethers  with  ammonia  solution,  it  is  frequently  pos- 
sible to  displace  the  OCH^  or  OC^Hg  group  by  the  group  NH^,  and  thus  to  obtain 
amido-derivatives  corresponding  to  the  phenols  from  which  the  ethers  wereformed; 
this  reaction,  which  is  also  of  considerable  value  as  a  method  of  ascertaining  the 
constitution  of  phenol  derivatives,  apparently  only  takes  place  when  theOCHg  group 
"  occupies  the  para-  or  ortho-position"  relatively  to  the  NO^  group  (comp.  p.  2)ZZ)' 

(1593)  Benzyl  Ethees. — These  ethers  are  obtained  by  the  action  of  benzylic 
chloride  on  the  sodium  derivatives  of  the  alcohols  ;  for  example  : 

C,Hg.CH,Cl   4-    C,H3.0Na    =    C,H,.O.CH,.C,H,    +    NaCl. 

At  present  the  only  interest  which  attaches  to  them  is  on  account  of  their 
behaviour  on  chlorination,  and  with  nitric  acid,  in  respect  of  which  they  differ 
somewhat  from  the  ethers  of  other  series.  Thus,  according  to  Sintenis  {Ann. 
Chem.  Pharm.,  cixi.  329),  when  benzyl  methyl  and  ethyl  ether  are  submitted  to 
the  action  of  chlorine  either  in  the  cold,  or  at  the  boiling  temperature,  or  in 
presence  of  iodine,  they  furnish  benzoic  aldehyde  and  a  monohaloid  paraffin 
derivative : 

C,H,.CH,.OC,H,   +   Cl^   =    C,H,.COH   +   C.H^Cl   +    HCl. 

They  are  decomposed  in  a  similar  manner  by  concentrated  nitric  acid.  Benzyl 
phenyl  ether,  however,  is  converted  by  the  action  of  chlorine  or  bromine  alone, 
into  benzylic  chloride  or  bromide  and  chlorinated  or  brominated  derivatives  of 
phenol;  whilst,  if  the  action  take  place  in  presence  of  mercuric  oxide, chlorinated 
or  brominated  derivatives  of  the  ether  are  produced,  such  as  CgHg.CH^.OCgH^Br, 
showing  that  the  formation  of  benzylic  chloride,  &c.,  when  chlorine  alone  is 
employed,  is  due  to  the  decomposition  of  the  ether  by  the  haloid  acid  formed  in 
its  conversion  into  haloid  substitution  derivatives. 

(1594)  Anethol:  Cj.H^^O  =  CHg.O.CgH^lCgHg).— This  ether  is  the  chief 
constituent  of  oil  of  anise,  from  which  it  may  be  separated  by  fractional  distilla- 
tion ;  on  cooling  the  portion  collected  at  about  230° — 235°  (446° — 455°  F.), 
the  anethol  crystallizes  out,  and  may  be  purified  by  crystallization  from  alcohol. 
It  may  be  obtained  in  a  similar  manner  from  oil  of  fennel.  Oil  of  tarragon  is 
said  to  contain  an  isomeric  substance,  and  it  is  also  stated  that  anethol  is  accom- 
panied by  a  liquid  isomeride  in  the  oils  of  anise  and  fennel. 

Anethol  crystallizes  in  colourless  glistening  plates,  which  melt  at  21° 
(69°-8  F.)  J  it  boils  at  about  232°  (449°'6  P.).    When  boiled  with  a  concentrated 
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solution  of  hydriodic  acid,  it  furnishes  methylic  iodide,  together  with  a  resinous 
mass  formed  from  the  auol,  which  is  the  accessory  product  of  the  reaction, 
and  which  may  be  obtained  in  a  pure  state  by  beating  anethol  to  200° — 230** 
(392° — 446°  F.)  with  potassic  hydrate  (comp.  p.  496).  It  combines  with 
bromine,  forming  a  crystalline  dibromide,  CHgO.CgH^.CgHjBrj;  but  when 
submitted  to  the  action  of  phosphoric  pentachloride  it  furnishes  monochloranethol, 
Cjj^H,^C10  (Ladenburg,  Ann.  Chem.  Pkarm.  Sup.,  viii.  87).  By  the  action  of 
strong  sulphuric  acid  and  of  several  other  reagents,  it  is  converted  into  what 
appear  to  be  polymeric  substances  (Cahours;  Kraut  and  Sehlim,  Jahresh.  1863, 
55 1  ;  Purenoud,  Ann,  Chem.  Pharm.,  clxxxvii.  63).  On  oxidation  with  nitric  or 
chromic  acid,  it  yields  anisic  aldehyde,  CgH^(OCHg).COH,  and  anisic  or  para- 
methoxybenzoic  acid,  CgH^(0CH3).C00H  :  hence  the  CgH^  and  OCH3  groups  in 
anethol  are  relatively  in  the  position  i  :  4.  The  constitution  of  the  CgH^  group 
has  not  yet  been  determined  (comp.  Erlenmeyer,  Deat.  chem.  Ges.  £er.,  x.  628). 

(1595)  Simple  Ethers  derived  from  Polyhydric  Alcohols. 
— Ethylenic  Oxide  :  CgH^O. — This  ether,  the  isomeride  of  acetic 
aldehyde,  was  first  described  by  Wurtz  in  1859,  who  obtained  it 
by  the  action  of  potassic  hydrate  on  the  chlorhydrin  of  glycol 
CHgCl.CHg.OH,  and  very  fully  investigated  its  properties.  Ac- 
cording to  Demole  (Ann.  Chem,  Pharm. ^  clxxiii.  125)  it  is  more 
readily  prepared  in  the  following  manner  : — 

A  mixture  of  i  raol.  proportion  of  a-dibromethane  (ethylenic  bromide),  and 
2  mol.  proportions  of  dty  potassic  acetate  and  twice  the  weight  of  the  latter  of 
80  per  cent,  alcohol  is  heated  for  15  hours  at  80° — 100°  (95° — 212°  F.)  in  a 
flask  attached  to  a  reversed  condenser.  The  potassic  bromide  which  separates 
is  then  filtered  off,  and  the  filtrate  distilled,  first  from  the  water  bath,  and  after- 
wards from  an  oil  bath.  The  portion  which  passes  over  between  170°  and  185° 
(338°— 365°  F.),  consisting  chiefly  of  the  monacetin  CB.JS^^).QlS.JS^^YLfi^)^ 
is  saturated  at  100°  (212°  F.)  with  hydrochloric  acid  gas,  and  the 
product  distilled.  The  impure  chloracetin,  CH2C1.CH2(C2H302),  thus 
obtained  is  now  gradually  decomposed  with  pure  potassic  hydrate  in  a 
capacious  flask  well  cooled  externally:  the  portion  boiling  at  110° — 150° 
(230° — 302°  F.)  being  employed  for  this  purpose;  the  use  of  pure  alkali  is  to 
be  recommended,  as,  if  carbonate  be  present,  carbonic  anhydride  is  evolved  to- 
wards the  end  of  the  operation,  and  occasions  the  loss  of  much  of  the  highly 
volatile  ethylenic  oxide.  When  the  amount  of  potassic  hydrate  added  is  judged 
to  be  sufficient  to  effect  the  complete  decomposition  of  the  chloracetin,  the  flask 
is  attached  to  a  reversed  condenser  which  is  in  connexion  with  a  receiver  cooled 
with  a  mixture  of  ice  and  salt ;  the  flask  is  th(  n  slightly  heated  so  as  to  cause  a 
regular  evolution  of  gas.  This  operation  requires  considerable  care,  as  the  dis- 
engagement of  gas  may  become  so  rapid  as  almost  to  cause  an  explosion  ;  but  this 
difficulty  may  perhaps  be  obviated  by  the  introduction  of  sand  or  pieces  of  platinum 
into  the  flask.  According  to  Demole,  it  is  not  advisable  to  dry  the  escaping 
vapours  by  passing  them  over  potassic  hydrate ;  the  dehydration  may  be  readily 
effected,  however,  by  distilling  the  product.  In  this  manner  from  6—Z  grams  of 
the  ether  may  be  obtained  from  100  grams  of  bromide. 

Ethylenic  oxide  is  a  colourless  mobile  liquid  of  pleasant  odour, 
miscible  in  all  proportions  with  water  and  alcohol  ;  it  boils  at 
I3°'5  (56°-3  F.),  and  at  0°  (32°  F.)  has  the  sp.  gr.  -898.  When  kept, 
it  sometimes  passes  spontaneously  into  a  white  crystalline  poly- 
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meride,  whicli  is  easily  soluble  in  water  and  alcohol,  and  melts  at  56° 
(i32°'8  F.)  (Wurtz,  Compt.  Rend.,  Ixxxiii.  1141).  Ethylenic  oxide 
has  marked  basic  properties,  exhibiting  in  many  of  its  reactions  the 
closest  resemblance  to  the  metallic  oxides,  such  as  calcic  oxide. 
Thus,  it  combines  slowly  with  water  at  ordinary  atmospheric 
temperatures  to  form  the  alcohol  CH2(OH).CH2(OH),  and  it 
unites  directly  with  acids,  forming  with  hydrochloric  acid,  for 
example,  the  chlorhydrin  CH2C1.CH2(0H),  the  combination  taking 
place  as  readily  as  that  of  ammonia  and  hydrochloric  acid,  and  with 
the  oxacids,  it  yields  acid  ethereal  salts,  such  as  the  sulphate, 
CH.lOHj.CHglO.SOgH),  and  acetate,  CH2(OH).CH2{O.C2H30) ; 
moreover,  it  enters  into  double  decomposition  with  the  salts  of 
magnesium,  aluminium,  iron,  copper,  and  other  less  positive  metals, 
precipitating  the  corresponding  hydroxides,  thus  : 

MgClg   +  C^H.O   +  OH2  =   Mg(0H)2  +  C^H.CLOH. 

,^   fO.SO,.OH       ^^2^  -.^   (OH       ^„fO.SO„.OH 

Magnesic  sulphate.         Ethylenic  oxide.  Magnesic  hydroxide.     Hydric  ethylenic  sulphate. 

With  acetic  anhydride  it  forms  the  diacetate  (glycol  diacetin) 
62114(0.021130)2,  and  various  acetates  of  the  polyethylenic  alcohols, 
according  to  the  proportions  in  which  it  is  employed  and  the 
temperature  to  which  the  mixture  is  heated ;  and  by  heating  it 
to  TOO°  (2i:z°)  with  hydric  sodic  sulphite,  sodic  oxethylsulphonate 
(isethionate)  is  produced  (Erlenmeyer,  Zeits.  Chem.  [2],  iv.  342)  : 

CH.^  CH2.OH 

I.      \0   +    SO„HNa   =1 
CH2)  CH2(S03Na) 

When  submitted  to  the  action  of  nascent  hydrogen,  it  furnishes 
ethylic  alcohol:  CgH^O  H-2H  =  C2H5.0H.  It  combines  with 
sulphuretted  hydrogen  at  100°  (212°  F.),  forming  the  thio- 
alcohol  HO.C2H4.SH.  It  also  readily  enters  into  reaction  with 
ammonia  and  primary  amines  :  thus,  when  it  is  mixed  with  a 
concentrated  aqueous  solution  of  ammonia,  a  powerful  action 
takes  place  in  a  few  minutes,  and  on  evaporating  the  product 
over  the  water  bath,  and  saturating  the  residue  with  hydro- 
chloric acid,  a  mixture  of  the  hydrochlorides  of  mono-,  di-,  and 
tri-hydroxethylenamine  is  obtained  (Wurtz).  The  relation  of 
these  compounds  to  ethylenic  oxide  will  be  evident  on  inspection 
of  the  following  formulae : 


CH2.OH  ^^__fCH2.CH2.0H  «^.^„  ^„  ^„, 

iH,.NH,         ^^1ch:.CH:.OH  N(CH,CH,0H)3. 

Pydroxethylenamine.  Dihydroxethylenamine.  Trihydroxethylenamine. 
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In  a  similar  manner,  when  a  mixture  of  ethylenic  oxide  and 
aniline  or  paratolnidine  is  allowed  to  stand  for  some  days  at 
the  ordinary  temperature,  the  phenyl  and  tolyl  derivatives 
corresponding  to  hydroxethylenamine,  C2H^(OH).NH.CgH5  and 
C2H4(OH).NH.CgHj.CH3,are  gradually  formed  (Demole,  loc.  ciL), 
Ethylenic  oxide  unites  with  bromine,  forming  a  yellowish-red 
crystalline  compound  of  the  formula  C^flgO^Brg,  which  melts  at 
6^°  (149°  E.),  and  boils  at  95°  (203°  ¥.),  yielding  an  orange- 
coloured  vapour,  which  condenses  to  crystals  on  cooling.  By 
the  action  of  metallic  mercury,  or  of  sulphuretted  hydrogen,  the 
bromine  is  readily  withdrawn  from  this  compound,  and  it  is 
converted  into  diethylenic  dioxide,  the  formation  of  which  may  be 
represented  by  the  equation  : 

CH3.O.CH2  CHg.O.CHg 

I  I  +   2Hg  =1  I        +  Hg.Br.. 

CH^BrCH^.OBr  CH^.O-CH^ 

Below  9°  (48°* 2  F.)  it  is  a  colourless  crystalline  substance,  soluble 
in  water,  alcohol,  and  ether;  it  boils  at  102°  (2i5°'6  F.),  and  at 
0°  (32°  F.)  has  the  sp.  gr.  1-048  ;  it  is  not  altered  when  heated 
with  ammonia,  and  acetic  anhydride  has  but  little  action  upon  it 
even  at  120°  (248°  F.).  (Wurtz,  Ann.  Chem.  Pharm.,  cxxii.  354.) 
An  isomeric  compound,  ethylenic  ethylidenic  dioxide,  is  formed 
on  heating  a  mixture  of  ethylenic  alcohol  and  aldehyde  for  some 
days  at  100°  (212°  F.) : 

CH„.OH  CH„.0) 

I  +  CH,.COH  =    I  CH.CH,  H-    0H„. 

CH2.OH  '  CHg.oJ  '  ' 

Although  formed  of  the  elements  of  a  molecule  of  ethylenic  oxide 
and  of  a  molecule  of  aldehyde,  this  compound  apparently  cannot 
be  directly  obtained  by  heating  these  two  substances  together 
to  100°  (212°  F.),  the  aldehyde  being  resinified  while  the  ethylenic 
oxide  remains  entirely  unchanged.  It  is  a  colourless  liquid, 
having  an  agreeable  but  rather  pungent  odour,  somewhat  resem- 
bling that  of  aldehyde,  easily  soluble  in  water;  it  boils  at  82°5 
(i8o°-5  F.),  and  at  0°  (32°  F.)  has  the  sp.  gr.  i-oo2.  When 
heated  to  140°  (284°  F.)  with  acetic  acid,  it  yields  glycol  diacetin, 
C2H^(C2H302)2,  together  with  a  much  more  volatile  product 
having  a  pungent  odour  (?crotonic  aldehyde).  (Wurtz,  ibid., 
cxx.  328.) 

(1596)  HoMOLOGTJES  OF  Ethtlenic  OxiDE. — Very  little  is  known  of  these 
compounds.  Propylenic  oxide,  CgHgO,  prepared  by  the  action  of  potassic 
hydrate  on  the  chlorhydrin  of  propylenic  glycol,  CHg.CHCl.CH^COH),  boils  at 
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35°  (93°  F-)'  and  at  0°  (32°  F.)  has  the  sp.  gr.  '859  (Oser,  iUd.,  sup.  i.  255); 
it  is  converted  into  isopropylic  alcohol  by  the  action  of  nascent  hydrogen  (Lin- 
nemann).  According  to  Bauer  {ibid.,  cxv.  89),  the  amylenic  oxide,  C  Hj  0, 
prepared  from  amylenic  glycol  (from  ordinary  amylene),  boils  at  about  95° 
(203°  F.);  it  is  insoluble  in  water,  and,  when  heated  with  it,  is  not  converted 
into  the  glycol ;  it  also  does  not  readily  enter  into  reaction  with  acetic  acid.  By 
the  action  of  argentic  oxide  on  the  diiodhexane  formed  by  combining  diallyl  with 
hydriodic  acid,  a  hexylenic  oxide,  CgH^^^O,  has  been  obtained  which  appears  to 
be  identical  with  that  produced  by  treating  diallyl  wdth  dilute  sulphuric  acid 
(p.  220);  it  boils  at  93° — 95°  (i99°-4 — 203°  F.).  A  number  of  homologues 
of  ethylenic  oxide  which  are  probably  all  of  similar  constitution  may  be  obtained 
by  heating  the  pinacones  or  dihydric  alcohols  of  the  composition  [C(CQH2n+i)2.0H]2 
with  dilute  sulphuric  acid  ;  thus  : 

r<^^^'^-"^     .     OH,     .     ?^«'''>0. 
C(CH.),.OH  C(CH.),^ 

Pinacone.  Pinacolin. 

These  pinacolins  are  chiefly  of  interest  on  account  of  their  behaviour  with  nascent 
hydrogen,  and  will  be  again  referred  to  when  the  ketones  are  described. 

(1597)  Glyceric  Ethee  oe  Allylic  Teioxide:  (CgHJp^. — This  com- 
pound, which  may  be  regarded  as  the  analogue  of  bisrauthic  trioxide,  appears  to 
be  formed  on  distilling  glycerol  with  calcic  chloride,  and  as  a  by  product  in  the 
preparation  of  allylic  alcohol  from  glycerol  and  oxalic  acid.  It  is  a  colourless, 
slightly  viscid  liquid,  having  a  mint-like  odour,  soluble  in  about  twenty  parts  of 
water;  it  boils  at  169°— 173°  (336°'2 — 343°*4  F.).  By  heating  with  water  to 
140°  (284°  F.),  it  is  reconverted  into  glycerol  (Linnemann  and  Zotta,  ihid., 
sup.  viii.  257  ;  Tollens,  Deut.  chem.  Ges.  Ber.,  v.  68). 

No  simple  ethers  derived  from  the  orcinols  in  the  same  manner  that  ethylenic 
oxide  is  derived  from  glycol  have  been  prepared ;  such  compounds,  in  fact,  are 
generally  supposed  to  be  incapable  of  existing,  as  all  attempts  to  obtain  bodies 
formed  by  the  displacement  of  more  than  one  hydrogen  atom  in  benzene  and 
analogous  hydrocarbons  by  the  same  radicle  have  been  unsuccessful.  The  only 
ether  which  remains  to  be  mentioned  is  di/phenylenic  oxide,  Q^fif),  which  is 
obtained  by  distilling  phenylic  phosphate  with  a  large  excess  of  lime  (Hoffmeister, 
ihid.fCYva.  211).  It  crystallizes  from  alcohol  in  small  colourless  plates  having 
a  pleasant  odour,  which  melt  at  about  80°  (176°  F.)  ;  it  boils  at  about  273° 
(523°'4  F.).  It  is  a  body  of  remarkable  stability,  closely  resembling  phenyl 
ether,  from  which  it  may  be  regarded  as  derived  by  the  withdrawal  of  two 
atoms  of  hydrogen ;  thus  : 


C.H..  .  CA. 

X'B..  > 


■''o  I 


Diphenyl  oxide.  Dipbenylene  oxide. 

(1598)  Mixed  Ethebs  deeived  feom  Polyhydeic  and  Monohydeic 
Alcohols. — These  compounds,  of  which  but  few  are  known,  are  the  analogues  of 
the  mixed  oxides,  such  as  sodic  zincic  oxide  (sodic  zincate),  Zn(0Na)2,  formed  by 
the  action  upon  each  other  of  the  oxides  or  hydroxides  of  a  more  and  of  a  less- 
positive  metal.  Those  derived  in  this  manner  from  the  glycols  and  the  al- 
cohols of  the  ethylic  series  are  prepared  by  the  action  of  the  raonohaloid  de- 
rivatives of  the  paraffins  on  the  disodium  derivatives  of  the  glycols,  or  on  the 
monosodium  derivatives  of  the  ether-alcohols,  CaH2n(OH).CnH2u(OCiiH2n+ 1), 
derived  from  the  glycols,  the  latter  being  a  method  which  may  be  employed  for 
the  preparation  of  ethers  containing  three  dissimilar  radicles  j  for  example : 
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C,H^(ONa),   +    2C,HJ   =:    C,H,(OC,H,),   +    2NaI. 

Disodic  ethylenate.  Ethylene  diethyl  ether. 

CH,(ONa).CH,(OC,HJ    +    CH3T    =    CH3(OC,H^).CH^(OCH3)    +    Nal. 

Sodic  ethylic  ethylenate.  Ethylene  methyl  ethyl  ether. 

A  number  of  mixed  ethers  derived  in  a  similar  manner  from  the  aldehydrols 
isomeric  with  the  glycols  are  obtained  by  the  direct  action  of  the  aldehydes  of 
the  acetic  series  on  the  alcohols  of  the  ethylic  series  ;  these  ethers  are  frequently 
termed  acetals  : 

CH3.COH    +    2C,H,.0H    =    OH^   +    CH3.CH(0C,HJ,. 

Aldehyde.  Ethylidene  diethyl  ether. 

The  ethers  thus  formed  from  the  dihydric  alcohols  of  the  CnH2ji(OH)2  series 
are  colourless  liquids  of  agreeable  odour,  and  exhibit  the  closest  resemblance 
in  properties  to  the  mixed  ethers  derived  from  monohydric  alcohols  of  the 
CnHgn  _|.  i-OH  series. 

On  the  other  hand,  those  derived  from  the  glycols  and  phenols,  of  which 
ethylene  diphenyl  ether  formed  by  the  action  of  a-dibromethane  on  sodium  phenol : 
C2H^Br2  4-2CgHg.ONa  =  C2H/OCgHg)2  +  2NaBr,  is  an  example,  manifest  pro- 
perties similar  to  those  of  anisol  or  methyl  phenyl  ether. 

Ethylene  diethyl  ether,  Q^J^Of^^^^.Q^^^iOQ,^^,  is  a  mobile,  colourless 
liquid,  having  a  fragrant  ethereal  odour;  it  boils  at  i23°-5  (253°'4  F.).  The 
isomeric  ethylidene  diethyl  ether  or  acetal,  GK.^.Q11{0Q^^)^,  which  is  one  of 
the  products  of  the  incomplete  oxidation  of  alcohol,  but  is  more  readily  prepared 
by  heating  a  mixture  of  aldehyde  and  anhydrous  alcohol  at  100°  (212°  F.), 
boils  at  about  105°  (221°  F.). 

These  two  ethers  cannot  be  advantageously  prepared  from  sodic  ethylate  and 
the  corresponding  dibromethanes,  as  these  latter  are  chiefly  converted  into 
bromethylene  when  thus  treated  ;  and  whereas  a  certain  amount  of  acetal  is 
formed  from  3-dibromethane  (ethylidene  bromide),  the  corresponding  /3-diclilor- 
ethane  furnishes  only  monochlorethylene  when  submitted  to  the  action  of  sodic 
ethylate. 

The  only  homologues  of  acetal  at  present  known   are   methylene  dimethyl 

ether  or  methylal  [formal),  CH2(OCH3)2,  which  is  obtained  in  small  quantity 

by  distilling    methylic    alcohol  with   sulphuric   acid   and   manganic   peroxide ; 

ethylidene  dimethyl  ether,  CH3.CH(OC2Hg)2,  prepared  in  a  similar  manner  from 

a  mixture  of  methylic  and  ethylic  alcohol,  but  more  readily  obtained  by  heating 

aldehyde  with  anhydrous  methylic  alcohol ;  and  ethylidene  methyl  ethyl  ether, 

(  OOH 
CH3.CH  <  ^p    3    which  is  formed  together  with  the   last-mentioned  ether  on 

oxidizing  a  mixture  of  methylic  and  ethylic  alcohols.  They  are  colourless 
liquids  like  acetal,  the  first  of  which  boils  at  42°  (io7°'6  F.),  the  second  at 
about  64°  (i47°-2  F.),  and  the  third  at  about  85°  (185°  F.)  ;  methylal  dissolves 
in  thrice  its  volume  of  water,  but  may  be  separated  from  the  solution  by  the 
addition  of  caustic  alkali ;  the  homologous  ethers  diminish  in  solubility  as  their 
molecular  weight  increases. 

The  ethers  derived  from  the  glycols  are  much  more  stable  compounds  than 
the  isomeric  ethers  derived  from  the  aldehydrols.  Like  most  ethers,  both  of  them 
resist  the  action  of  alkalies,  but  are  without  difficulty  decomposed  by  acids  ; 
thus,  on  heating  acetal  with  glacial  acetic  acid,  it  yields  ethylic  acetate  and 
aldehyde.  By  carefully  mixing  the  acetals  with  concentrated  sulphuric  acid, 
solutions  are  obtained  which  appear  to  contain  the  corresponding  aldehydrols — 
or  acid  sulphates  formed  from  them— which  may  often  be  employed  in  effecting 
reactions  which  cannot  be  realized  by  directly  employing  the  aldehydes ;  but  the 
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aldehydes  cannot  as  a  rule  be  separated  from  these  solutions  since  they  rapidly 
undergo  change  under  the  influence  of  the  acid  : 

CH3.CH(0C,HJ^   4-    2H^S0,   =    CH3.CH(0H)^   +    aC.H^.HSO,. 

Acetal.  Aldehydrol. 

When  exposed  to  moist  air  in  contact  with  platinum  black,  the  acetals  readily 
absorb  oxygen,  and  are  converted  first  into  the  corresponding  aldehydes,  and  then 
into  acids  of  the  acetic  series. 

It  has  already  been  pointed  out  (p.  429)  that  when  chlorine  is  passed  into 
aqueous  alcohol,  acetal  is  produced  ;  Lieben  and  Paterno  have  shown  that  if  the 
action  of  chlorine  be  continued,  mono-,  di-  and  tri-chloracetal  are  formed.  If 
pure  acetal  be  submitted  to  the  action  of  chlorine,  much  heat  is  developed,  the 
chlorine  being  absorbed  with  avidity ;  if  the  acetal  be  carefully  cooled,  the  whole 
of  the  hydrochloric  acid  remains  in  solution,  but  on  distilling  the  product  when 
the  amount  of  chlorine  absorbed  corresponds  to  that  required  for  the  formation  of 
monochloracetal,  it  is  found  that  one  half  the  acetal  is  unaffected,  and  that  the 
product  consists  almost  entirely  of  the  dichlorinated  derivative  (Pinner,  Deut, 
chem,  Ges.  Ber.,  v.  147).  Monolromacetal,  however,  is  readily  produced  on 
mixing  bromine  with  well  cooled  acetal  in  the  required  proportions;  and  mono- 
chloracetal may  be  prepared  by  heating  dichlorether  (p.  672)  with  sodic 
ethylate. 

Monochloracetal:  CH^.CHCOC^H^),  boils  at  157°  (3i4°-6  P.).  Mono- 
hromacetal :  CE.^y.CK{OQ^^^,  is  a  colourless  liquid  insoluble  in  water, 
boiling  with  partial  decomposition  at  170°  (338°  P.)  ;  by  heating  it  for  twelve 
hours  at  i6o° — 180°  (320° — 356°  P.)  with  an  alcoholic  solution  of  potassic 
hydrate,  it  is  converted  into  the  ether-alcohol  QllJ^OYi.).Qll{00,^^)^,  the  ethylic 
derivative  of  which  is  produced  on  heating  bromacetal  to  160°  (320°  P.)  with 
a  concentrated  solution  of  sodic  ethylate.  Both  are  colourless  liquids  of  agreeable 
odour,  boiling  at  167°  (332°-6  P.)  and  164°  (327°'2  P.)  respectively;  they  are 
completely  decomposed  by  strong  acids,  without,  however,  furnishing  well 
characterized  products. 

Dichlor acetal :  ^^^\.^^{(dQ,^^^,  is  a  colourless  liquid  which  boils  at 
180°  (356°  P.)  ;  on  distillation  with  sulphuric  acid,  it  furnishes  dichloraldehyde, 
CHClg.COH;  and  by  the  action  of  sodic  ethylate  at  160°  (320°  P.),  it  is  con- 
verted into  the  ether  ^^{<d^^^^.^^{0^^^^  derived  from  ethylic  alcohol  and 
tiie  tetrahydric  alcohol  (dialdehydrol)  CH(0H),.CH(0H)2 ;  this  ether  is  a 
colourless  fragrant  liquid,  insoluble  in,  and  lighter  than,  water,  and  boils  at  about 
180°  (356°  P.)  without  undergoing  decomposition  (Pinner,  loc.  cit.). 

Trick  lor  acetal  is  formed,  although  in  small  quantity,  together  with  di(rhlor- 
acetal,  by  the  action  of  chlorine  on  common  alcohol  at  80°  (176°  P.),  and  may 
be  separated  by  fractional  distillation  ;  it  crystallizes  in  needles,  which  melt  at 
72°  (i6i°-6  P.),  and  boils  with  slight  decomposition  at  230°  (446°  P.).  This 
compound  is  perhaps  represented  by  the  formula  CHCl2.CCl(OC2Hg)2,  as  it  is 
isomeric  with  the  trichloracetal  produced  on  heating  tetrachlorether  (p.  672), 
CCl3.CHCl(OC2H5),  with  alcohol  in  sealed  tubes  at  100°  (212°  P.)  and  which 
therefore  has  the  formula  CClg.CHg  (OC^HJ^ ;  this  latter  is  a  colourless  liquid, 
which  boils  at  205°  (401°  P.) ;  when  decomposed  with  water  or  sulphuric  acid 
it  furnishes  trichloraldehyde  (Paterno  and  Pisati,  Gaz.  chim.  ital.,  ii.  333  ; 
Wurtz  and  Vogt,  Compt.  Rend.,  Ixxiv.  277). 

(1599)  Ethers  derived  from  the  Orcinols  and  Alcohols  of  the 
Ethylic  Series. — These  ethers  are  prepared,  either  by  heating  an  intimate 
mixture  of  an  orcinol  with  potassic  hydrate  and  methylic  potassic  sulphate  or  one 
of  its  homologues  in  sealed  tubes  to  about  160°  (320°  P.);  or  by  heating  the 
orcinols  with  potassic  hydrate  and  an  iodoparaffin  at  100° — 120°  (2 1 2° — 2  48°  P.)  j 


682  •  GLYCIDE.  [1600. 

or  bj  digesting  the  sodium  or  potassium  derivatives  of  the  ether  alcohols,  such 
as  meth)  Icatechoi  (guaiacol),  CgH^(0H).0CH3,  with  an  iodoparaffin  and  the 
corresponding  alcohol — this  last  being  used  merely  as  a  solvent.  By  the  first 
mentioned  method,  Hlasiwetz  and  Habermann  {Ann.  Ckem.  JPharm.^  clxxvii. 
340)  and  Habermann  {Deut.  chem.  Ges.  Ber.,  x.  867)  respectively  have  pre- 
pared the  dimethyl-derivatives  of  quinol  (hydroquinone)  and  resorcinol ;  the 
second  has  been  employed  by  de  Luynes  and  Lionet  {Compt.  Bend.,  Ixv.  213) 
in  preparing  the  derivatives  of  orcinol ;  and  dimethylcatechol  (dimelhylpyrocate- 
chin)  and  dimethylhomocatechol  have  been  prepared  by  the  last  mentioned 
method,  the  former  having  also  been  obtained  by  distilling  the  modification  of 
dimethoxybenzoic  acid  derived  from  protocatechuic  acid  with  lime.  With  the 
exception  of  the  quinol  derivative,  which  is  a  crystalline  solid,  melting  at 
55° — 56°  (131° — 132°*8  F.),  they  are  said  to  be  colourless,  highly  refractive 
liquids  of  not  unpleasant  odour,  insoluble  in  water ;  their  boiling  points  are  as 
follows : 

B.  P.  °  C. 
Orthodimethoxybenzene,  or  catechol  dimethylin    .  ]  (  205° — 206° 

Metadimethoxy benzene,  or  resorcinol  dimethylin  .  >  CgH^(0CHg)2  <  214°— 215° 
Paradimethoxy benzene,  or  quinol  dimethylin    .    .  j  (  204° — 205° 

Orcinol  dimethylin ^  TTT  P  TT  /OfTT  ^  /  240°— 25°° 

Homocatechol  dimethylin /  ^^8-^6^aV^^^8>'2  |  2 1 4°— 2 1 8* 

According  to  Koerner,  the  so-called  Veratrol,  CgH^^O^,  which  is  obtained 
on  submitting  a  mixture  of  veratric  acid,  C^H^^O^,  and  baryta  to  dry  distillation, 
is  catechol  dimethylin,  veratric  acid  being  identical  with  dimethyl-protocatechuic 
acid.  It  is  a  crystalline  substance,  of  pleasant  aromatic  odour,  which  melts  at 
15°  (59°  F.),  and  boils  at  about  205°  (401°  F.).  It  furnishes  crystalline 
nitro-  and  bromo-derivatives  (Merck,  Ann.  Chem.  Pharm.,  cviii.  58;  Koerner, 
Gaz.  chim.  ital.,  vi.  142). 

According  to  de  Luynes  and  Lionet,  it  is  possible  to  displace  three  atoms  of 
hydrogen  in  orcinol  by  methyl  or  ethyl  by  heating  it  with  a  large  excess  of 
potassic  hydrate  and  of  methylic  or  ethylic  iodide ;  the  trimethyl  derivative  is 
said  to  boil  at  about  250""  (482°  F.),  and  the  triethyl  derivative  at  about 
265°  (509°  F.).  The  formation  of  ethers  derived  from  homologues  of  orcinol 
in  this  manner  appears  highly  remarkable,  and,  as  the  reaction  is  without 
precedent,  it  is  especially  deserving  of  further  investigation. 

§  II.  Ether-Alcohols. 

The  ether-alcohols  are  compounds  formed  from  polyhydric  alcohols  either  by 
the  abstraction  of  the  elements  of  one  or  more  molecules  of  water,  in  such  pro- 
portions, however,  that  one  or  more  of  the  hydroxyl  groups  remain  unafiected, 
or  by  the  displacement  of  one  or  more,  but  not  all,  of  the  hydrogen  atoms  in  the 
OH  groups  by  the  so-called  alcohol  radicles.  They  therefore  still  exhibit  the 
characteristic  properties  of  alcohols,  although  necessarily  of  alcohols  of  lower 
hydricity  than  the  polyhydric  alcohols  from  which  they  are  derived.  The 
so-called  glycide,  and  the  mon-  and  di-ethylins  of  glycerol  (glycerin)  are  examples 
of  the  two  classes  of  ether-alcohols  : 

CH  )  CH,.0C2H,         CH,.OC,H, 

CH  '  CH.OH  CH.OH 

CH2.OH         CH2.OH  CH2.0C,H, 

Glycide.  Glycerol-monethylin.  Glycerol-diethylin. 

(1600)  Glycide  :  Cfifi^. — To  prepare  this  compound,  epichlorhydrin 
(p.  542)  is  heated  with  potassic  acetate,  and  the  product  submitted  to  fractional 
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distillation;  the  portion  which  boils  at  about  i68°  (334°*4  F.),  consistin^j  of 
the  acetate  CgHj^OfCsHgO^),  is  dissolved  in  ether,  decomposed  by  pulverized 
sodic  hydrate,  and  the  glycide  separated  by  distillation.  It  is  a  mobile  liquid, 
boiling  at  ab(mt  162°  (323°"6  F.),  soluble  in  all  proportions  in  water,  alcohol, 
and  ether  ;  it  is  converted  into  glycerol  b}^  the  action  of  water  at  100°  (212°  F.), 
and  readily  combines  with  hydrochloric  acid  (Gegerfelt,  Bull.  Soc.  Chim.  [2], 
xxiii.  160). 

The  so-called  mannitane  and  dulcitane  produced  by  heating  mannitol  and 
dulcitol,  and  by  the  action  of  alkalies  on  the  chlor-  and  brom-hydrins  of  these 
alcohols  belong  to  <-he  class  of  ether-alcohols  ;  but  little  is  known  of  their  pro- 
perties, however,  and  it  is  even  doubtful  whether  they  have  been  prepared  in  a 
pure  state,  as  they  are  all  amorphous  substances  (comp.  Bouchardat,  Ann.  Chim. 
Fki/s.  [4],  XXV  ii.  146). 

(1601)  Ethee-alcohols  deeived  feom  Dihydeic  Alcohols  of  the 
CJ[^JOa\  Series.— GIt/coI  Monethi/lin  :  CHo(OH).CH2(OC2Hj.— This  com- 
pound is  prepared  by  dissolving  sodium  in  glycol,  and  heating  the  resulting 
monosodium  glycol  with  ethyl ic  iodide.  The  homologous  compounds  could 
doubtless  be  obtained  in  a  similar  manner.  It  is  also  formed  by  the  direct 
combination  of  ethylenic  oxide  with  ethylic  alcohol.  It  is  a  colourless  liquid 
of  pleasant  ethereal  odour,  and  boils  at  127°  (26o'^'6  F.). 

Corresponding  compounds  derived  from  the  aldehydrols  do  not  appear  to  be 
capable  of  existing,  but  their  chlorinated  derivatives  may  readily  be  obtained 
by  combining  chlorinated  aldehydes  of  the  CnHgn  ^  j.COH  series  with  the 
alcohols  of  the  ethylic  aeries.  Thus  on  mixing  trichloraldehyde  or  chloral, 
CCI3.COH,  with  absolute  alcohol,  a  considerable  amount  of  heat  is  developed, 
and  after  a  time  the  mixture  solidifies  to  a  mass  of  crystals  of  the  monethylin  of 
trichloraldehydrol  (so-called  chlor al-alcoholate),  CCl3.CH(OH).OC2H5.  This 
compound  melts  at  56"  (i32°-8  F.),  and  boils  at  about  115°  (239°  F.),  but  the 
vapour  appears  to  consist  of  a  mixture  of  chloral  and  alcohol ;  on  treatment 
with  acetic  chloride  it  is  converted  into  the  acetate  CCl3.CH(OC2Hj).C2H302, 
and  when  distilled  with  phosphoric  pentachloride  it  furnishes  tetrachlorether 
(p.  672). 

The  homologous  compounds  may  be  obtained  by  employing  the  homologues 
of  ethylic  alcohol.  According  to  Henry  {I>eut.  chem.  Ges.  Ber.,  vii.  ^^^,  the 
more  positive  the  alcohol  radicle,  the  greater  the  heat  developed  in  their  formation, 
more  heat,  for  example,  being  developed  by  the  union  of  chloral  with  methylic 
than  with  ethylic  alcohol.  Like  the  ethylin,  these  compounds  all  undergo 
dissociation  when  converted  into  vapour;  they  are  readily  decomposed  by 
sulphuric  acid,  yielding  chloral  and  an  acid  ethereal  sulphate ;  and  they  are  also 
readily  decomposed  by  caustic  alkalies  :  they  are,  in  fact,  far  less  stable  bodies 
than  the  ether- alcohols  derived  from  the  glycols,  which  may  be  volatilized  un- 
changed. Chloral  also  forms  a  crystalline  ether-alcohol  with  mercaptan,  the 
composition-  of  which  is  either  CClg.CHlSHj.OC.H^  or  CCl3.CH(OH).SC2H^ 
(Martins  and  Mendelssohn-Bartholdy,  ibid.,  iii.  443). 

(1602)  Ethek-alcohols  derived  feom  the  Dihydeic  Alcohols  of 
THE  CnH2n_8(OH)2  Seeies. — A  number  of  ether-alcohols  derived  from  the  orcinols 
and  alcohols  of  the  ethylic  series  have  been  prepared  by  heating  the  orcinols  with 
potassic  hydrate  and  methylic  potassic  sulphate  or  the  moniodoparafl&ns.  The 
monomethylins  of  catechol  and  homocateohol  are  the  principal  constituents  of 
wood  tar  creasote,  and  are  known  respectively  as  guaiacol  and  creosol. 

Guaiacol  or  Catechol  Monomethylin :  CgH^(0H).0CH3  (OH  :  OCH3  =1:2), 
is  the  chief  constituent  of  the  portion  of  creasote  which  boils  at  about  200° 
(392°  F.) ;  it  may  be  artificially  prepared  by  heating  a  mixture  of  the  theoretical 
proportions  of  catechol  (pyrocatechin),  potassic  hydrate,  and  potassic  methylio 
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snlphate,  in  sealed  tubes,  at  170° — 180°  (338°— 356°  F.)  (Gorup-Besanez, 
Ann.  Chem.  Pharm.,  cxlvii.  247).  Guaiacol  is  a  colourless  liquid,  having  a 
peculiar  pleasant  aromatic  odour,  and  burning  taste;  it  boils  at  about  199° 
(390°'2  F.).  It  is  almost  insoluble  in  water,  but  dissolves  readily  in  alcohol 
and  ether.  When  mixed  with  an  alcoholic  solution  of  ferric  chloride  it  produces 
an  emerald-green  colour.  Potassium  and  sodium  dissolve  in  it,  forming  corre- 
sponding metallic  derivatives ;  when  mixed  with  ammonia,  it  solidifies  to  a 
crystalline  mass ;  whilst  with  ether  and  a  concentrated  alcoholic  solution 
of  potassic  hydrate,  a  crystalline  potassium  derivative  of  the  composition 
CyHyKOojCyHgOg  +  OHg  is  obtained.  It  also  yields  crystalline  metallic  deriva- 
tives containing  metals  of  the  alkaline  earths.  These  metallic  derivatives  are 
all  very  soluble  in  water,  and  also  dissolve  in  alcohol  and  ether,  but  their  solu- 
tions are  extremely  unstable,  and  readily  decompose  on  expot-ure  to  the  air. 
Guaiacol  reduces  gold  and  silver  salts  to  the  metallic  state.  When  heated  with 
hydriodic  acid,  it  yields  catechol  and  methylic  iodide  ;  and  by  distilling  it  over 
heated  zinc  dust,  methyl  phenyl  ether,  or  anisol,  CgHg.OCHg,  is  produced. 

Creosol  or  JELomocatechol  Monomethylin  :  CH3.CgH3(OH).OCH3,  which  is 
chiefly  contained  in  the  portion  of  creosote  boiling  at  about  220°  (428°  F.), 
manifests  the  closest  resemblance  in  its  properties  to  catechol.  By  converting 
it  into  the  dimethyl  ether,  CH3.CgHg(OCH3)2,  by  digesting  its  potassium  de- 
rivative with  methylic  iodide,  oxidizing  this  ether  with  potassic  permanganate, 
and  fusing  the  resulting  dimethoxybenzoic  acid  with  potassic  hydrate,  &c.,  the 
modification  of  dioxy benzoic  acid  known  as  protocatechuic  acid  is  obtained,  thus 
proving  that  the  methyl  and  OH  groups  in  homocatechol  occupy  the  relative 
positions  CHg  :  OH  :  OH  =1:3:4  (Tiemann  and  Mendelsohn,  Deut.  chem. 
Ges.  Ber.,  viii.  1136);  and  by  oxidizing  acetocreosol,  CH3.CgHg(OCHg).C2H302, 
with  potassic  permanganate,  and  subsequently  displacing  the  acetyl  group  in  the 
resulting  acid  by  hydrogen  by  heating  it  carefully  with  sodic  hydrate,  vanillic 
acid,  CgH3(OH){OCH3).COOH,  is  obtained,  in  which  (q.v.)  the  OCH3  group 
has  been  shown  to  occupy  the  meta  position  relatively  to  the  COOH  group: 
hence  the  constitution  of  creosol  is  represented  in  the  formula  CH3 :  OCHj :  OH  = 
1:3:4  {ibid.,  X.  58). 

The  monomethylin  oi  resorcinol  is  a  liquid  which  may  be  cooled  to  —  I7°'5 
(•5°  F.)  without  solidifying;  it  boils  at  about  244°  (47i°*2  F.),  and  unlike 
guaiacol  does  not  volatilize  in  a  current  of  steam.  Its  aqueous  solution  is 
coloured  violet  by  ferric  chloride  (Habermann,  ihid.,  x.  868). 

Quinol  (hydroquinone)  monomethylin  forms  prismatic  crystals,  which  melt 
at  53°  (i2  7°'4  F.);*  it  boils  at  about  243°  (469°'4  F.),  and  is  but  slightly 
volatile  in  a  current  of  steam.  It  is  obtained,  together  with  quinol  and  a  glucose, 
on  heating  arbutin  with  dilute  sulphuric  acid,  and  may  be  prepared  artificially  by 
heating  quinol  with  potassic  hydrate  and  potassic  methylic  sulphate  (Hlasiwetz 
and  Habermann,  Ann.  Chem.  Pharm.,  clxxvii.  334). 

The  monomethylin  and  monethylin  of  orcinol  are  said  to  be  liquid  substances 
(de  Luynes  and  Lionet). 

(1603)  EuGENOL:  C3H5.CgH3{OH).OCH3.— This  compound  is  the  chief 
constituent  of  oil  of  cloves.  It  is  a  colourless,  highly  refractive  liquid,  of  pleasant 
aromatic  odour;  it  boils  at  247°'5  (477°'5  ^O*  but  on  distillation  is  partially 
converted  into  a  resinous  polymeride.  It  has  the  sp.  gr.  I  "0779  at  0°  (32°  F.), 
and  1-0630  at  i8°-5  (65°'3  F.).  It  dissolves  in  alcohol,  ether,  and  acetic  acid, 
but  is  almost  insoluble  in  water;  the  alcoholic  solution  is  coloured  blue  by  ferric 
chloride.  Although  without  action  on  vegetable  colours,  it  dissolves  in  alkalies, 
and  furnishes  a  number  of  crystalline  metallic  derivatives  corresponding  in  com^ 
position  to  the  potassium  derivative  C3H5.CgHg(OK).OCHg.  When  it  is  heated 
with  hydriodic  acid,  methylic  iodide  is  produced.     On  digestion  with  potassic 
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hydrate  and  ethylic  bromide  it  is  converted  into  the  ether  C3Hg.CgH3(OC2Hg).OCH  ; 
this  boils  at  254°  (489°*2  F.),  but  is  partially  converted  into  a  crystalline 
polymeride,  melting  at  125°  (257°  F.).  When  oxidized  with  chromic  acid 
mixture,  it  is  converted  into  the  acid  CgH3(OCH3)(OC2Hg).COOH,  which  yields 
protocatechuic  acid,  CgH3(0H),.C00H,  on  digestion  with  hydriodic  acid  solution 
at  120° — 130°  (248° — 266°  F.)  (Erlenmeyer  and  Wassermann,  Ann.  Ckem. 
Pharm.  clxxix.  366).  By  digesting  eugenol  with  acetic  anhydride,  acetoeugenol, 
CjHg.CgH3(OCH3)C2H302,  is  produced,  which  on  oxidation  with  potassic  perman- 
ganate yields  a  mixtureof  the  acetyl  (\eY\\2X\wmoivanillin,0^}lJ^011)(00\{^Q011, 
vanillic  acid,  CgH3(OH)(OCH3).COOH,  and  of  the  homologous  acid  a-homo- 
vanillic  acid,  CgH3(OH)(OCH3).CH,.COOH  (Tiemann  and  Nagai,  Deut.  chem. 
Ges.  Ber.,  ix.  52,  418  ;  x.  201).  The  formation  of  protocatechuic  acid  and 
of  vanillin  (q.v.)  from  eugenol  is  a  proof  that  the  side  chains  are  relatively 
in  the  position  CgHg :  OCH3 :  OH  =  1:3:4,  whilst  the  formation  of  d-homo- 
vanillic  acid  renders  it  not  improbable  that  the  C3H5  group  has  the  constitution 
CH^.CHZZCH,. 

(1604)  Ethee-alcohols  DEEIVED  FEOM  Glyceeol. — These  compounds  are 
formed  by  the  action  of  the  sodium  derivatives  of  alcohols  of  the  ethylic  and 
other  series  on  the  chlorhydrins  of  glycerol  (glycerin),  but,  as  yet,  very  few  have 
been  prepared.  Thus  by  the  action  of  sodic  ethylate  on  the  monochlorhydrin,  the 
monetliylin  Q>^J^l^^.(^Qi^^  is  produced,  and  the  dichlorhydrin  may  be 
converted  into  the  diethylin  C^^{OK){0Q,^^^  in  a  similar  manner ;  both  are 
liquid  substances,  and  boil  respectively  at  about  230°  (446^  F.)  and  191° 
(375°'8  F.).  By  dissolving  sodium  in  the  latter,  and  then  submitting  the 
product  to  the  action  of  ethylic  iodide,  the  triethylin  C.J1^{0Q^^^  is  produced, 
which  boils  at  about  185°  (365°  F.).  The  first  of  these  compounds  is  soluble 
in  water,  the  second  is  but  slightly  soluble,  and  the  third  insoluble.  Glycerol 
triethylin  and  the  homologous  compounds  may  also  be  obtained  by  heating 
acrylic  aldehyde  with  the  alcohols  of  the  ethylic  series  (Ahlsberg,  Jahresh., 

1864,494). 

By  the  withdrawal  of  the  elements  of  a  molecule  of  water  from  glycerol 
monethylin  and  its  homologues,  a  series  of  ethers  derived  from  glycid  may  be 
obtained  :  C3H,(OH),.OC2H..-  OH,  -  CgHp.OC.H^. 

These  ethers  are  prepared  by  the  action  of  potassic  or  sodic  hydrate  on  the 
chlorinated  compounds  formed  from  the  monethylin,  &c.,  by  displacing  one  of  the 
two  OH  groups  by  chlorine;  these  latter  bodies  being  obtained  either  by  the 
action  of  hydrochloric  acid  on  the  monethylin  or  one  of  its  homologues,  or  by 
heating  a  mixture  of  epichlorhydrin  and  an  alcohol  of  the  ethylic  series,  or  by 
combining  the  ether  of  the  CgHg.OCnH^Q  +  j  series  with  hypochlorous  acid. 

Ethyl  glyddic  ethe?',  C3HgO.OC2Hg,  is  a  colourless  liquid  of  pleasant  ethereal 
odour,  and  pungent  taste,  boiling  at  about  128°  (262°"4  F.).  The  glycidic  ethers 
combine  with  the  haloid  acids,  even  at  ordinary  temperatures,  and  at  more 
elevated  temperatures  with  water  and  the  oxacids  in  precisely  the  same  manner 
as  bodies  like  glycid  and  epichlorhydrin  (Reboul,  Ann.  Chem.  Pharm.,  sup.  i.  2 18  ; 
Henry,  Deut.  chem.  Ges.  Ber.,  v.  449). 

The  crude  allylic  alcohol  obtained  by  distilling  a  mixture  of  glycerol  and 
oxalic  acid  contains  a  substance  of  high  boiling  point,  which  is  apparently  the 
monallylin  of  glycerol,  C3Hg(OH)2.0C3Hg ;  it  is  a  viscid  liquid,  soluble  in  water, 
but  separable  from  the  solution  by  the  addition  of  potassic  carbonate.  On  dis- 
tillation it  boils  at  225° — 240°  (437° — 4^4°  F.),  but  is  partially  decomposed 
with  formation  of  allylic  alcohol.  It  combines  with  bromine  (Tollens,  Deut. 
chem.  Ges.  Ber.,  v.  68). 

(1605)  Ethee-alcohols  DEEIVED  feom  Pyeogallol. — By  heating  a  mix- 
ture of  pyrogallol,  potassic  hydrate,  potassic  ethylic  sulphate  and  absolute  alcohol 
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in  closed  vessels  at  lOO**  (212°  F.),  Benedikt  (ibid.,  ix.  125)  has  obtained  a 
mixture  of  the  mon-  and  di-ethylin.  Pyrogallol  monethylin,  Q^^^{QiK)^.QQ,^^, 
crystallizes  from  water,  in  which  it  is  difficultly  soluble,  in  fine  needles  which  melt 
at  95°  (203°  R).  Pyrogallol  diethylin,  C^YlXOYl){OQfLX^  i^  liquid  even 
at — 10°  (14°  F.);  it  boils  at  262°  (503°"6  F.).  Both  compounds  are  volatile 
with  the  vapour  of  water.  Ethylic  iodide  is  entirelv  without  action  on  pyrogallol 
at  120''  (248°  F.). 

At  present  we  are  not  acquainted  with  any  ether-alcohols  derived  from  tetra-, 
penta-  or  hexahydric  alcohols. 


§  III.  The  Glucosides. 

{1606)  This  name  is  applied  to  a  large  number  of  bodies  having 
the  one  property  in  common  of  furnishing  a  glucose  and  one  or 
more  other  products  when  heated  with  water  and  an  acid,  their  de- 
composition in  this  manner  being  invariably  the  consequence  of  the 
addition  of  the  elements  of  water  to  the  compound^  which  becomes 
thereby  resolved  into  simpler  compounds ;  thus  salicin,  when 
heated  with  dilute  hydrochloric  or  sulphuric  acid,  is  converted  into 
a  dextroglucose  and  the  alcohol  saligenol  (saligenin)  : 

Ci3HgO,  4-   OH2   =   CgH,(0H).CH2(0H)    +    C,H^,Og. 

Salicin.  Saligenol.  Glucose. 

This  behaviour  indicates  the  close  connexion  of  the  glucosides  with 
the  ethers  and  ether- alcohols. 

The  resolution  of  many  of  the  glucosides  into  glucose,  &c.,  may 
be  effected  at  ordinary  temperatures  by  the  aid  of  certain  so-called 
unorganized  ferments  acting  in  presence  of  water,  these  ferments 
being  mostly  met  with  in  the  same  plant  as  the  glucosides  they 
are  capable  of  decomposing.  The  power  of  these  fermeuts  to 
induce  decomposition  is  usually  restricted,  however,  a  given 
ferment  having  only  the  power  of  influencing  the  decom- 
position of  a  limited  number  of  more  or  less  closely  related 
glucosides. 

In  a  few  cases,  it  has  been  shown  that  the  glucose  furnished 
by  certain  glucosides  is  sucrodextrose,  but  in  the  majority  of  cases 
the  glucose  produced  has  not  been  suflBciently  examined  to  esta- 
blish its  identity,  and  a  more  careful  study  of  the  glucoses  from 
the  various  glucosides  is  much  to  be  desired  (comp.  p.  582).  The 
accessory  product  or  products  furnished  by  the  glucosides  are  of 
the  most  diverse  character ;  in  fact,  of  the  large  number  of  com- 
pounds included  in  the  group,  the  majority  bear  little  or  no  relation 
to  each  other  in  constitution. 

The  following  account  refers  chiefly  to  the  better  known 
glucosideS;  which  are  described  in  alphabetical  order : 
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JEsculin:  C^gHjgOg. — This  glucoside  is  found  in  the  bark  of  the  horse 
chestnut,  and  in  other  species  of  JSsculus  and  Pavia,  where,  according  to 
Stokes,  it  exists  associated  with  another  fluorescent  compound,  pavi'm,  which 
closelyresembles  sesculin,  but  is  much  more  soluble  in  ether.  iEsculin  may 
readily  be  prepared  by  precipitating  a  decoction  of  horse  chestnut  bark  with 
alum  and  a  slight  excess  of  atnmonia,  evaporating  the  clear  solution  to  dryness 
at  ioo°  (2I2°F.)  and  extracting  with  boiling  alcohol.  The  crystals  obtained  on 
concentrating  the  extract  are  purified  by  recrystallization.  It  crystallizes  in  colour- 
less needles  which  have  a  bitter  taste,  and  melt  at  about  i6o°  (320°  F.).  It  is 
almost  insoluble  in  ether,  and  only  slightly  soluble  in  cold  water  or  alcohol;  it 
dissolves  more  readily  in  boiling  water  or  alcohol.  The  solutions  exhibit  a 
beautiful  sky-blue  fluorescence,  which  is  augmented  by  alkalies,  but  is  destroyed 
by  acids.  With  plumbic  subacetate,  it  gives  a  yellow  precipitate.  By  boiling 
with  acetic  anhydride  it  is  converted  into  hexacetylcBsoulin,  ^•i^^^JS^.^f)),0^, 
whilst  with  aniline  it  gives  trianilcesculin,  Q^^^fiJ^Q^^.'^)^. 

^sculin,  when  boiled  with  dilute  sulphuric  or  hydrochloric  acid,  or  when 
submitted  to  the  action  of  emulsin,  is  decomposed,  yielding  cssculetin  and  a 
glucose:  C^gll^gOg  +  OH^  =  CgllgO^  +  CgH^^g.  On  concentrating  the  solution 
and  allowing  it  to  cool,  the  sesculetin  is  deposited  in  the  crystalline  state. 
When  pure,  it  forms  colourless  silky  needles  and  plates  containing  water  of 
crystallization,  which  they  lose  at  100°  (212°  F.).  It  then  melts  above 
270°  (518°  F.),  and  distils  without  decomposition  at  a  higher  temperature. 
iEsculetin  is  but  very  slightly  soluble  in  cold  water  or  alcohol,  and  almost 
insoluble  in  ether.  It  is  readily  soluble,  however,  in  dilute  alkaline  solutions, 
but  is  reprecipitated  unchanged  on  the  addition  of  an  acid.  Plumbic  acetate 
precipitates  its  solutions  of  a  pale  yellow  colour.  Its  aqueous  solution  is 
coloured  dark  green  by  ferric  chloride.  By  the  action  of  acetic  anhydride  or 
chloride,  or  of  anilin,  sesculetin  is  converted  into  triacetylcesculetin, 
Cfi.J.Q^fi)P^,  or  into  trianilasculetin,  Cfifi{C^B..^)^.  When  gesculetin 
is  heated  with  potassic  hydrate  it  yields  formic  and  protocatechuic  acids : 
(?)  C,H,0,  +  2OH,  +  0,  =  C,H3(0H).^.C00H  +  2CHp^. 

On  boiling  sesculetin  with  hydric  sodic  sulphite,  it  is  converted  into  an  isomeric 
body,  which  combines  with  the  sulphite  to  form  a  crystalline  compound  of  the 
formula  2 CgHgt)^,HNaS03  +  OHg.  On  decomposing  this  with  dilute  sulphuric 
acid,  &c.,  the  new  compound,  parcesculetin,  is  liberated.  It  is  extremely 
soluble  in  water,  from  which  it  may  be  obtained  in  indistinct  crystals  having 
the  formula  2CgHgO^,50H2.  Exposed  to  the  action  of  ammonia,  it  becomes 
first  red,  then  violet,  and  ultimately  sky-blue.  Rochleder  assigns  to  this  blue 
compound  the  formula  CgH^NOg,  and  from  its  analogy  to  orcein,  calls  it  asorcein. 
Par  sesculetin  is  not  acted  on  by  acetic  anhydride,  but  is  more  readily  converted 
into  the  trianilid,  CgHgO(CgHg.N)3  than  sesculetin.  It  is  an  extremely  powerful 
reducing  agent,  precipitating  cuprous  oxide  from  cupric  tartrate  solution,  even 
in  the  cold.  Schiff  {Ann.  Chem.  Pharm.,  clxi.  71)  has  suggested  that  the 
constitution  of  sesculin,  sesculetin,  and  parsesculetin,  may  be  expressed  by  the 
following  formulse : 
COH 


(CH.OH)^  (-OH                               /OH 

CH,.0  I  ^  „  j  C(OH)                        )  COH 

,    C(OH)|  '^e^^^qOH)                ^«^2<C0H 

C,H^-    C(OH)  (cOH                           (cOH 
I    COH 

iEsculin.  iEsculetin.                               Parsesculetin. 
These  formulse,  however,  are  not  altogether  in  accordance  with  what  is  known 

of  the  bodies  in  question.  Thus  Schiff  has  himself  shown  that  acetic  anhydride 
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is  without  action  on  parsesculetin,  whereas  a  compound  having  the  above  formula 
should  yield  a  monacetyl  derivative.  Moreover,  the  group  G.OH  is  a  dyad 
radicle,  and  unless  it  be  supposed  that  the  two  C.OH  groups  which,  according  to 
SchifF,  are  to  be  assumed  as  present  in  sesculin  and  aesculetin,  are  in  combination, 
these  compounds  must  be  regarded  as  primarily  derived  from  a  hydrocarbon 
CgHg,  whereas  parsesculetin,  according  to  Schiff's  formula,  would  be  a  benzene 
derivative ;  but  it  is  not  probable  that  a  benzene  derivative  would  be  formed 
from  a  derivative  of  the  hydrocarbon  CgHg  by  the  action  of  a  powerful  reducing 
agent  like  hydric  sodic  sulphite. 

According  to  Eochleder,  there  are  in  the  seeds  of  the  horse  chestnut 
numerous  other  substances  allied  to  aesculetin,  or  which  may  be  obtained  from  it 
by  the  action  of  various  reagents,  such  as  cescigenin,  argyrcescin,  cescinic  acid, 
aphrodescin,  cBscorcin,  &c.  {Bull.  Soc.  Chim.  [2],  ix.  383). 

Amygdalin  :  C^^jH^yNO^^. — This  glucoside  is  contained  in  the  leaves  and 
other  parts  of  many  of  the  Amygdalacece  and  Pomacece  and  other  plants  which 
furnish  hydrocyanic  acid  on  distillation  with  water,  but  especially  in  bitter 
almonds,  from  which  it  may  readily  be  obtained  by  expressing  the  oil,  extracting 
the  paste  with  alcohol,  decanting  from  any  oil  that  may  be  deposited,  and  then 
concentrating  the  extract  by  distillation  to  about  half  its  volume.  On  adding 
ether  to  the  solution,  the  amygdalin  is  precipitated,  and  may  be  purified  by 
crystallization  from  boiling  alcohol.  It  forms  pearly  scales,  which  are  insoluble 
in  ether,  but  very  soluble  in  water,  crystallizing  from  the  latter  in  slender  prisms 
containing  3  mols.  of  water  of  crystallization  j  the  aqueous  solution  exerts  a 
laevorotatory  action  on  polarized  light.  The  alkaline  hydrates  convert  amygdalin 
into  amygdalic  acid,  with  evolution  of  ammonia ;  whilst  on  digestion  with 
dilute  hydrochloric  acid,  it  yields  glucose  and  mandelic  acid.  This  latter 
compound,  however,  is  not  an  immediate  product,  but  is  derived  from  cyanbenzylic 
alcohol  which  is  first  produced;  and  it  is  not  improbable  also  that  a  saccharon, 
and  not  a  glucose,  is  formed  in  the  first  instance  together  with  the  cyanbenzylic 
alcohol.  By  the  action  of  acetic  anhydride  on  amygdalin,  seven  atoms  of 
hydrogen  are  displaced  by  the  group  C^H^O,  giving  rise  to  heptacetylamygdalin, 
^20-^20(^2-^3^2)7-^^4  (SchiflP),  a  substance  crystallizing  in  colourless  silky  needles; 
emulsin  acting  on  amygdalin  in  aqueous  solution  causes  it  to  split  up  into  benzoic 
aldehyde,  hydrocyanic  acid,  and  a  dextroglucose  (comp.  p.  582). 

The  constitution  of  amygdalin  and  of  the  compounds  derived  from  it  may 
be  represented  by  the  following  formulae  : 

(;h(cn).o.c.,h,.o,(oh),      ch(cooh).o.c„h„o,(oh),. 

Amygdalin.  Amygdalic  acid. 

C.H.  C.H.  C.H. 

CH(CN).OH  CH(OH).COOH  COH 

Cyanbenzylic  alcohol.  Mandelic  acid.  Benzoic  aldehyde. 

Apiin :  (?)  C^^Hg^O^g. — This  glucoside  may  be  extracted  from  common 
parsley  {Apium  petroselinum)  by  means  of  boiling  water.  It  always  separates 
from  its  solutions,  when  they  are  allowed  to  cool  slowly,  as  a  gelatinous  mass 
consisting  of  fine  needles.  It  melts  at  180°  (356°  F.) ;  is  soluble  in  boiling 
alcohol,  but  insoluble  in  ether.  Its  apparent  specific  rotary  power  in  a  faintly 
alkaline  solution  is  (?)  [a]j  =  +173°.  Apiin  when  boiled  with  hydrochloric 
acid  deposits  apigenin  in  yellow  flocks,  which  may  be  obtained  in  pearly  plates 
by  crystallization  from  alcohol.  At  the  same  time,  a  glucose  is  formed 
amounting  to   41 — 45  per  cent,  of  the   apiin,  but  probably  a  saccharon  is  the 
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immediate  product  of  decomposition.  An  aqueous  solution  of  apiin  gives  a 
blood-red  colour  with  ferrous  salts:  this  reaction  is  so  delicate  that  it  may  be 
employed  to  detect  the  presence  of  very  minute  traces  of  the  glucoside ;  ferric 
salts  produced  a  brownish-red  coloration. 

Apigenin  is  perhaps  represented  by  the  formula  C^M^fi^ ;  it  sublimes 
without  melting  at  292°— 295°  (557°*6 — 563''  F.),  but  with  partial  decomposi- 
tion. Like  apiin,  it  is  dissolved  by  alkalies,  and  also  furnishes  a  yellow  precipi- 
tate with  basic  plumbic  acetate,  but  it  does  not  reduce  an  alkaline  solution  of  a 
copper  salt.  On  oxidation  with  nitric  acid,  apiin  yields  oxalic  acid  and  trinitro- 
phenol;  when  it  is  fused  with  potassic  hydrate,  phloroglucol  is  obtained  together 
with  an  acid  which  on  further  fusion  with  the  alkali  is  converted  into  proto- 
catechuic  acid  (Gerichten,  Deut.  chem.  Ges.  Ber.,  ix.  1121). 

A  r  but  in  :  C^^Hg^Oj^,  is  a  colourless,  bitter,  (Tystalline  substance  discovered  by 
Kawalier  in  the  leaves  of  Arctosta'phylos  uva  ursi,  and  by  Zwenger  and 
Himmelmann  in  the  leaves  of  Pyrola  umhellata.  Under  the  influence  of 
emulsin,  or  when  it  is  boiled  with  dilute  sulphuric  acid,  it  is  split  up  into 
quinol  (hydroquinone),  quinol  monomethylin  (methylhydroquinone),  and  a  glucose 
(Hlasiwetz  and  Habermann,  Ayin.  Chem.  JPharm.,  clxxvii.  339)  : 

Arbutin,  Quinol.  Quinol  monomethylin.  Glucose. 

The  glucose  thus  obtained  is  crystalline,  and  is  said  by  Kawalier  to  have  all  the 
properties  of  sucrodextrose ;  its  rotatory  power  has  apparently  not  been  determined. 

Arbutin  may  be  prepared  by  precipitating  the  aqueous  decoction  of  the  leaves 
with  basic  plumbic  acetate,  removing  the  excess  of  lead  from  the  clear  filtered 
solution  by  hydric  sulphide,  evaporating,  and  extracting  the  arbutin  from  the 
residue  by  a  mixture  of  8  parts  of  ether  and  i  of  alcohol.  It  crystallizes  in 
tufts  of  needles  which  melt  at  170°  (338°  F.) ;  it  is  very  sparingly  soluble  in 
ether,  but  easily  in  alcohol  and  in  boiling  water.  Its  aqueous  solution  is 
coloured  blue  by  ferric  chloride  (Schiff).  When  arbutin  is  distilled  with 
manganic  dioxide  and  sulphuric  acid,  quinone  passes  over ;  also  on  passing 
chlorine  into  its  aqueous  solution  a  crystalline  precipitate  of  a  chlorinated  quinone 
is  produced.  It  dissolves  in  strong  nitric  acid,  and  the  addition  of  alcohol  to  the 
solution  causes  a  deposit  of  yellow  needles  consisting  of  tetranitroarhutin, 
^25-^30(^^2)4^14  ■•"  Si^Hj.  This  derivative  is  very  soluble  in  water,  less  so  in 
alcohol,  and  insoluble  in  ether;  as  already  noticed  (p.  526),  it  is  said  to  yield 
dinitroquinol  (dinitrohydroquinone),  when  boiled  with  dilute  acids.  Benzoic 
chloride,  as  also  acetic  chloride  or  acetic  anhydride,  act  readily  on  arbutin,  with 
formation  of  benzoyl  and  acetyl  derivatives  of  arbutin  apparently  of  the  com- 
position C^fL^pjC^lip)^^  and  C^fi,P,<iG^^P\,-  Tetranitroarhutin  also 
yields  a  corresponding  acetyl  derivative  (SchifF,  ihid.,  div.  237). 

On  adding  freshly  precipitated  argentic  carbonate  in  slight  excess  to  a  solution 
of  arbutin  at  a  temperature  of  about  50°  (122°  F.)  and  heating,  a  solution  is 
obtained  from  which — after  the  removal  of  the  dissolved  silver  by  hydrochloric 
acid — alcohol  precipitates  white  crystalline  flocculi  of  diarhutin,  which  appears 
to  be  related  to  arbutin  in  the  same  manner  as  helicoidin  is  to  salicin  ;  it  is  not 
coloured  by  ferric  chloride  (Schiff,  loc.  cit.). 

It  is  difficult  to  assign  a  formula  to  arbutin  which  is  in  accordance  with 
what  is  at  present  known  of  its  properties.  As  it  affords  a  blue  colour  with  ferric 
chloride,  and  nitroarbutin  is  capable  of  forming  metallic  derivatives,  it  appears 
that  one  of  the  OH  groups  of  the  quinol  molecule  is  intact,  and  therefore  that  it 
is  derived  from  a  saccharon  as  indicated  by  the  formula  : 

3  ¥  Y 
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but  a  compound  of  this  formula  has  the  composition  Cj^Hg^O^g,  whilst  that  of 
arbutin  is  said  to  be  CggH^^O^g ;  moreover,  it  contains  only  seven  OH  groups, 
whereas,  according  to  Schiff's  analyses  of  the  acetyl  and  benzoyl  derivatives  of 
arbutin  it  would  appear  that  it  contains  at  least  ten  OH  groups. 

Arnicin  :  C^^^Jd^  (?). — A  non-crystalline  bitter  substance  extracted  from 
the  various  parts  of  Arnica  montana.  According  to  Walz,  it  is  decomposed  by 
boiling  with  dilute  acids,  yielding  dark-coloured  flocks  and  a  substance  capable 
of  reducing  an  alkaline  solution  of  a  cnpric  salt. 

Aurantiin  :  C^^H^J^^^,  a  glucoside  found  in  the  flowers  of  Citrus  decumana. 
It  forms  small  yellow  monoclinic  prisms,  having  the  composition  Q^^^f)^^  +  4OH2, 
and  melting  at  171°  (339°*8  F.).  It  has  an  intensely  bitter  taste,  is  very  soluble 
in  hot,  but  only  slightly  in  cold  water.  It  dissolves  in  alkalies,  and  yields 
a  glucose  when  boiled  with  dilute  acids ;  its  aqueous  solution  is  coloured 
brownish-red  by  ferric  chloride  (Hoffmann,  Deut.  chem.  Ges.  Ber.,  ix.  690). 

Bryonin  :  C^gHg^O^^  (?),  a  bitter  non-crystalline  compound  from  the  root  of 
the  Bryonia  dio'ica,  is  decomposed  by  boiling  with  dilute  acids  into  a  glucose  and 
two  amorphous  substances,  hryoretin  and  hydrohryoretin  :  the  former  of  which 
is  soluble  in  ether,  the  latter  insoluble  (Walz,  Chem.  Cent.,  1859,  5)  : 

(?)C.,H.A,     =     C„H,,0,     +     C,H„0,     +     C.H,A- 

liryonin.  Bryoretin.  Hydrobryoretiu. 

Cdincin  or  Cdincic  acid  :  C^^^Hg^O^g. — This  substance,  obtained  from  cainca 
root,  Chioeocca  anguifuga  and  C.  racemosa,  forms  crystalline  flakes,  sparingly 
soluble  in  water  or  ether,  but  very  soluble  in  alcohol.  It  appears  to  form 
metallic  derivatives.  On  boiling  a  solution  of  caincin  in  dilute  alcohol  with  an 
acid,  it  is  resolved  into  cdincetin,  and  a  glucose  which  apparently  is  not  sucro- 

Havf"t*rjGp  • 

C.,H..O„    +   3OH,   =   G,^,fi,    +   3C.H,0,. 

Caiincin.  Caincetin.  Glucose. 

Caincetin  is  indistinctly  crystalline.  When  fused  with  potassic  hydrate  it 
yields  butyric  acid  and  cdincigenin,  Cj^H^^O^.  When  treated  with  sodium 
amalgam  and  dilute  alcohol,  it  dissolves  to  a  brownish-coloured  solution  from 
which  sulphuric  acid  throws  down  a  crystalline  substance  having  the  composition 
CggHggO^g  (Rochleder,  Journ.  pr.  Chem,,  Ixxxv.  275  ;  cii.  16). 

Carminic  acid  :  C^jH^^O^^  — This  substance,  which  is  the  colouring  matter 
of  cochineal,  may  be  separated  from  the  latter  by  precipitating  its  aqueous  extract 
with  plumbic  acetate,  and  decomposing  the  washed  precipitate  with  sulphuric  acid  ; 
the  solution  thus  obtained  is  alternately  precipitated,  and  the  precipitate  decom- 
posed, a  second  and  a  third  time  in  asirailar  manner,  employing,  however,  hydric 
sulphide  to  effect  the  final  decomposition.  The  filtered  solution  is  evaporated  to 
dryness,  the  residue  dissolved  in  alcohol,  and  the  crystalline  nodules  of  carminic 
acid  obtained  on  allowing  this  solution  to  evaporate  treated  with  water.  This 
leaves  undissolved  a  yellow  substance,  and  the  filtered  solution  after  evaporation  to 
dryness  and  crystallization  from  dry  alcohol  or  ether,  yields  pure  carminic  acid. 
It  also  occurs  in  the  flowers  of  Monarda  didyma,  and  probably  in  other  plants. 
Very  different  formulae  have  been  assigned  to  carminic  acid  by  different  chemists, 
and  it  is  not  improbable  that  it  is  not  always  of  the  same  composition. 

Carminic  acid,  when  boiled  with  dilute  acids,  is  said  to  be  decomposed  with 
formation  of  carmine-red  and  of  a  non-fermentable,  optically  inactive  body, 
which  readily  reduces  an  alkaline  solution  of  a  cupric  salt ;  thus  : 

(?)  C„H..O„    +    2OH,   =   C„H,A    +   C.H,A. 

Carminic  acid.  Carmine-red. 

Carmine-red,  which  may  readily  be  prepared  from  the  crude    carminic  acid 
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obtained  on  decomposing  by  sulphuric  acid  the  lead  precipitate  thrown  down 
from  a  decoction  of  cochineal,  forms  a  dark  purple-red  iridescent  mass,  soluble 
in  water  and  in  alcohol,  but  insoluble  in  ether.  It  forms  a  number  of  metallic 
derivatives,  all  of  which  are  obtained  as  violet  coloured  amorphous  precipitates. 
On  oxidation  with  nitric  acid  it  is  converted  into  triniirocresotic  acid  (nitro- 
cocussic  acid),  CH3.CgH(N02)3  COOH.  By  treating  it  with  concentrated  sulphuric 
acid,  a  new  red  colouring  matter,  rvficoccin,  C^gH^^Og,  is  produced,  which  is 
probably  a  derivative  of  a  hydrocarbon  homologous  with  anthracene. 

When  crude  carminic  acid  is  fused  with  potassic  hydrate  and  a  little 
water,  a  new  substance,  coccinin,  G^Ji^^O^  (?),  is  formed,  together  with  oxalic, 
succinic,  and  apparently  acetic  acid.  It  crystallizes  in  yellow  microscopical 
rectangular  plates,  apparently  belonging  to  the  rhombic  system.  They  are 
easily  soluble  in  alcohol,  sparingly  in  ether,  and  insoluble  in  water,  but  dissolve 
readily  in  dilute  alkaline  solutions  ;  the  latter  on  exposure  to  the  air  acquires  a 
violet  and  finally  a  purple-red  colour.  On  passing  dry  ammonia  over  coccinin, 
a  compound  of  the  formula  C^^H^^O^.NHg  is  formed  (Schaller,  Bull.  Soc.  Chim. 
[2],  ii.  414;  Guignet,  ibid.,  xviii.  162;  Warren  De  la  Rue,  Chem.  Soc. 
Memoirs,  iii.  454;  Hlasiwetz  and  Grabowski,  Ann.  Chem.  Pharm.,  cxli.  329; 
Liebermann  and  Dorp,  ibid.,  clxiii.  97). 

Colocynihin :  CggHg^N^g. — An  intensely  bitter  principle,  extracted  from  the 
pulp  of  the  fruit  of  the  bitter-apple,  Cucumis  colocynthis.  It  is  soluble  in 
water,  alcohol,  and  ether ;  when  boiled  with  dilute  acids  it  yields  glucose  and 
colocynthe'in,  a  resinous  substance,  insoluble  in  water  but  soluble  in  ether : 

C..H,N,   +    2OH,   =   C„H„0„   +    2C.H,A. 

Colocynthin.  Coloeyuthein.  Glucose. 

According  to  Walz  {Neu.  Jahr.  Pharm.,  ix.  225),  the  alcoholic  extract  of  the 
bitter-apple  contains  a  colourless  crystalline  principle,  insoluble  in  water,  which 
he  calls  colocynthitin. 

Coniferin :  C^gHj^Og.— This  glucoside,  discovered  by  Rubel  in  the  cambium 
of  coniferous  woods,  has  recently  been  investigated  by  Tiemaun  and  Haarmana 
{Deut.  chem.  Ges.  Ber.^  vii.  608;  viii.  509  and  11 27;  ix.  409).  It  may 
be  obtained  from  the  sap  by  boiling  and  filtering  it  to  separate  albumenoid 
matters,  concentrating  to  about  one-fifth  its  volume,  and  allowing  it  to  stand. 
The  brown-coloured  crystals  which  form  are  collected,  pressed,  and  repeatedly 
recrystaUized.  Coniferin  forms  stellate  groups  of  needles  which  have  the  com- 
position O^gHggOg  -f-  2OH2 ;  they  are  but  slightly  soluble  in  cold  water,  more 
soluble  in  hot  water  and  in  alcohol,  but  insoluble  in  ether ;  its  solutions  exert 
a  Isevorotatory  action  on  polarised  light.  It  melts  at  about  185°  (365°  F.). 
If  coniferin  be  mixed  with  a  small  quantity  of  phenol  and  concentrated  sulphuric 
acid,  an  intense  blue  colour  is  produced.  It  does  not  reduce  Fehling's  solution, 
but  when  boiled  with  dilute  acids  it  is  decomposed,  yielding  a  dextro- 
glucose  and  resinous  products;  if,  however,  it  be  submitted  to  the  action 
of  emulsin  at  a  temperature  of  2^° — 35°  (77° — 95°  F.),  the  products  are 
dextroglucose,  and  a  crystalline  compound  which  may  readily  be  separated  by 
agitating  the  liquid  with  ether  and  evaporating  the  ethereal  solution.  The 
best  method  of  purifying  the  crystalline  mass  thus  obtained  is  to  dissolve  it 
in  water  by  the  aid  of  ammonia,  and  expose  the  solution  to  the  air  j  as  the 
ammonia  evaporates  the  new  compound,  coniferylic  alcohol^  Q^^^fi^,  is  deposited 
in  fine,  nearly  colourless  cystals.  The  decomposition  of  coniferin  into  coniferylic 
alcohol  and  dextroglucose  takes  place  in  accordance  with  the  equation : 
C,H,A   +    OH,   =   C„H„0.   +   C,H,  O . 

Coniferylic  alcohol  melts  at  74—75  (i65''-2 — 167°  F.) ;  it  is  almost 
insoluble  in  cold   and  dissolves   with    difficulty  in    hot  water;    it   is   easiij 
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soluble  in  ether,  less  so  in  alcohol.  It  is  soluble  in  dilute  alkalies,  and  on 
allowing  the  solution  to  evaporate  spontaneously,  crystalline  metallic  derivatives 
containini^  potassium  or  sodium  are  obtained;  but  if  the  solutions  are  boiled 
down  rapidly,  the  unaltered  substance  separates  as  an  oil.  If  the  alkaline 
solution  be  acidified,  only  an  amorphous  substance  is  precipitated,  which 
appears  to  be  a  polymeride  of  the  alcohol.  On  heating  coniferylic  alcohol  with 
hydriodic  acid,  a  mixture  of  methylic  and  ethylic  iodides  is  said  to  be  formed. 
When  oxidized  with  potassicdichromateand  dilute  sulphuric  acid  it  yields  vanillin 
or  'paroxymetamethoxyhenzoic  aldehyde  (methylprotocatechuic  aldehyde), 
CgH,(0H)(0CH3)C0H,  and  acetic  aldehyde. 

Closely  allied  to  conit(?rin  is  a  substance  obtained  from  it  by  oxidation  with 
potassic  pennanganate,  and  named  glucovanillic  acid,  Cj^H^gOg  (Tiemann  and 
Keimer,  ibid.,  viii.  515).  It  crystallizes  from  water  in  slender,  glistening, 
colourless  prisms,  C^^H^gOg  +  OH^,  which  lose  their  water  of  crystallization  at 
100°  (212°  F.),  and  melt  at  211° — 212°  (41 1°-8— 4I3°'6  F.).  It  is  soluble 
in  alcohol  and  in  hot  water,  but  quite  insoluble  in  ether,  so  that  it  may  readily 
be  separated  from  vanillic  acid,  which  is  readily  soluble  in  ether.  When  heated 
with  dilute  acids  or  submitted  to  the  action  of  emulsin,  it  splits  up  into  glucose 
and  vanillic  acid,  CgH3(OH)(OCH3).COOH. 

The  constitution  of  coniferylic  alcohol — and  consequently  of  coniferin — has 
not  yet  been  satisfactorily  ascertained.  From  the  formation  of  vanillin  or 
oxymethoxy benzoic  aldehyde  on  oxidation,  there  can  be  no  doubt,  however,  that  it 
contains  the  group  CgHg((^H)(OCHg).C—  .  Tiemann  has  suggested  the  formula 
CgH3(OH)(OCH3).C3H^(OH),  but  this  does  not  explain  the  formation  of  ethylic 
iodide  together  with  methylic  iodide  on  heating  it  with  hydriodic  acid  ;  moreover, 
a  compound  of  this  constitution  should  furnish  acetyl  derivatives,  which  is  said 
not  to  be  the  case. 

Convallarin  :  Cg^Heu^n'  ^  colourless  substance  contained,  together  with 
convallamarin,  in  Convallaria  majalis  (Solomon's  seal).  It  crystallizes  in  right 
rectangular  prisms  sparingly  soluble  in  water.  When  boiled  with  acids  it  yields 
a  glucose  and  convallaretin  :  Cg^Hg^O^^  +  OH^  =  C^gH.Pg  +  CgHj^Og. 

Convallamarin :  (?)  C.^H^^Oj.,,  a  bitter  substance  found  in  Convallaria 
majalis,  is  a  white  powder,  easily  soluble  in  water  or  alcohol,  but  almost  insoluble 
in  ether.  It  is  decomposed  by  dilute  acids  yielding  convallamaretin,  (?) 
C-^HggOg/and  glucose. 

Convolvulin:  C„„H,„„0,„,  and  convolvulic  arid :  C,„H,„,0,.. — Convolvulin  is  a 
colourless,  transparent  resin  contained  in  jalap  root  (the  rhizome  of  Convolvuliis 
Schiedanus).  It  is  tasteless  and  inodorous,  almost  insoluble  in  water,  easily 
soluble  in  alcohol,  but  insoluble  in  ether,  whereby  it  is  distinguished  from 
jalapin.  It  dissolves  in  alkaline  solutions,  even  in  the  cold,  but  far  more  readily 
when  heated,  being  converted  into  a  salt  of  convolvulic  acid.  This  acid  is  best 
prepared  by  boiling  convolvulin  with  baryta  water,  removing  the  baryta  from  the 
solution  in  the  usual  way,  and  evaporating.  It  is  very  soluble  in  water  and  in 
alcohol,  but  insoluble  in  ether.  Both  convolvulin  and  convolvulinic  acid  are 
decomposed  by  boiling  with  dilute  acids,  yielding  convolvulinol,  Cggll^^Oy,  and  a 
glucose  the  nature  of  which  is  undetermined  : 

C«H,,0„    +    iiOH,   =    C,,H..O,    +    6C.H„0.. 

The  former  dissolves  in  alkalies,  but  not  in  water,  and  on  the  addition  of  an  acid 
convolvulinolic  acid,  C^^IIggO^,  separates  from  the  solution  in  microscopic  needles 
which  melt  at  39°  (i02°"2  F.).  It  is  easily  soluble  in  alcohol,  less  so  in  ether. 
According  to  Mayer  {Ann.  Chem.  Pharm.,  xcvi.  6t),  the  substances  obtained  in 
this  way  i'rom  convolvulin  and  convolvulic  acid  are  not  identical,  but  the  whole 
subject  requires  careful  re-exauiination.    On  oxidation  with  nitric  acid,  convolvulin 
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and  its  derivatives  are  converted  into  ipomceic  acid  {sehacic  acid),  C^^Hj^O^,  an 
acid  of  the  succinic  series  (comp.  Neison  and  Bayne,  Journ.  Chem.  Sac,  1874, 
xxvii.  729). 

Crocin  :  CggH^^Og^,  the  colouring  matter  of  Gardenia  grandijlora,  is  an 
amorphous  red  substance,  easily  soluble  in  water  and  in  alcohol  with  a  deep 
yellow  colour.  The  solutions  yield  an  orange- coloured  precipitate  with  plumbic 
salts.  Boiled  with  dilute  acids,  crocin  is  resolved  into  crocetin,  Cg^H  0  ,  and 
an  uncrystallizable  glucose  :  C^3H3^03^  4-  sOH^  =  %^,fin  +  4CeH,,0,. 

Crocetin  is  a  dark  red  amorphous  powder  easily  soluble  in  alcoliol,  but  only 
slightly  in  water.  Like  crocin  it  becomes  indigo  blue,  and  finally  violet,  when 
treated  with  concentrated  sulphuric  acid  (Rochleder,  Jour.  jpr.  Chem.,  Ivi.  68). 

Cyclamin :  C^^Hg^O^g,  a  white  amorphous  substance  extracted  from  the 
tubers  of  Ci/clamen  europceum  by  means  of  alcohol.  It  is  readily  soluble  in  hot 
alcohol,  but  insoluble  in  ether.  In  contact  with  cold  water  it  swells  up  to  a 
translucent  glutinous  substance  which  slowlj'  dissolves.  The  liquid  froths  when 
agitated,  and  possesses  a  feeble  laevorotatory  action.  When  boiled  with  dilute  acids 
it  yields  cyclamiretin  and  glucose  (?) :   C^^Hg^O^^j  +  2OH2  =  Cj^H^gOg  +  Qj^^f)^. 

Daphnin :  C^.H^^Og  (?),  a  colourless  glucoside  contained  in  the  bark  of 
various  species  of  Daphne.  It  crystallizes  in  transparent  rectangular  prisms 
which  are  insoluble  in  ether,  sparingly  soluble  in  cold  water,  but  more  freely  in 
warm  water,  and  still  more  so  in  alcohol.  It  fuses  at  about  200°  (392°  F.). 
According  to  llochleder  {Jahresb,  1863,  591),  daphnin  is  isomeric  or  polymeric 
with  sesculin.  On  boiling  with  dilute  acids,  or  on  treatment  with  emulsin,  it 
yields  glucose  and  daphnetin,  CgllgOg  (?),  isomeric  with  hydrateJ  sesculetin : 
C^gll^gOg  +  2OH2  =  CgllgOg  +  ^^ ^ ^^ ^.  Daphuctin  crystallizes  in  small,  needle- 
shaped,  monoclinic  prisms,  which  are  easily  soluble  in  alcohol  and  in  boiling 
water,  but  only  sparingly  in  ether.  It  fuses  above  250°  (482°  F.),  and  may 
readily  be  sublimed  in  a  current  of  gas. 

Datiscin  :  Cg^Hg^Oj^. — This  glucoside  obtained  from  the  leaves  and  roots  of 
Datisca  cannahina,  crystallizes  in  silky  needles  which  are  sparinglj'  soluble  in 
cold  water,  very  soluble  in  hot  alcohol,  but  only  slightly  in  ether.  It  melts  at 
180°  C.  (356°  F.).  When  boiled  with  dilute  acids,  or  with  a  concentrated 
solution  of  potassic  h3^drate,  it  is  decomposed  with  formation  of  glucose  and 
datiscetin:  Cg^H^^O^^  =  C^s^io^e  ■*"  ^e^A-  ^^"'^  change  is  not  effected  by 
yeast  or  by  emulsin.  Datiscetin  crystallizes  easily  in  long  needles,  which  are 
almost  insoluble  in  water,  but  readily  in  alcohol  or  ether.  When  heated  with 
nitric  acid,  it  yields  trinitrophenol  but  no  oxalic  acid.  Both  datiscin  and 
datiscetin  give  precipitates  with  lead  acetate. 

Digitalin. — This,  the  active  principle  of  the  foxglove.  Digitalis  purpurea, 
has  been  examined  by  numerous  investigators,  but  the  results  hitherto  obtained 
have  been  anything  but  satisfactory  or  concordant.  According  to  NativeUe 
{Jour.  Pharm.  [4],  xx.  81),  a  crystalline  compound  may  be  obtained  from 
digitalis  extract  after  treating  it  with  lead  acetate  and  a  little  water,  by  a  long 
and  tedious  process.  Lefort  (ibid.  [5],  vi.  424)  exhausts  the  leaves  with  dilute 
alcohol,  precipitates  with  basic  lead  acetate,  removes  the  excess  of  lead  from  the 
solution  by  sodic  carbonate,  and  then  precipitates  the  digitalin  by  tannin.  The 
brown  precipitate  after  being  thoroughly  washed  is  decomposed  by  digesting  it 
with  finely-powdered  plumbic  oxide  and  treated  with  alcohol.  The  solution,  after 
decoloration  with  animal  charcoal,  yields  crystallized  digitalin  on  evaporation, 
whilst  the  more  soluble  modification  remains  in  solution.  This  author  attributes 
the  discrepancies  in  the  statements  respecting  digitalin  to  the  existence  of  two 
modifications  of  this  body,  one  more  soluble  obtained  from  the  seeds,  the  other 
less  soluble  crystallized  variety  predominating  in  the  leaves.  Crystallized  digitalin 
forms  microscopic  plates,  which  are  inodorous  and  possess  a  very  persistent  bitter 
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taste.  It  is  almost  Insoluble  in  ether,  very  soluble  in  cbloroform,  and  requires 
about  ten  parts  of  alcohol  at  ordinary  temperatures.  Its  most  characteristic 
reaction  is  the  beautiful  green  colour  it  assumes  when  treated  with  a  very 
concentrated  solution  of  phosphoric  acid. 

The  formula  of  digitalin  is  still  a  matter  of  doubt.  According  to  Kosmann 
{ibid.  [4],  XX.  427),  both  the  soluble  and  insoluble  forms  of  digitalin  are 
glucosides ;  the  first  yielding  four  molecules  of  glucose,  and  being  easily  trans- 
formed by  the  action  of-  saline  or  acid  agents  into  the  insoluble  form,  which 
yields  but  two  molecules  of  glucose  : 

C..H.A,   +   3OH,   =    C„H.A.   +    2C,H,Ai 

Soluble  digitalin.  Insoluble  aigitalin. 

C.,H„0„   +    4OH,   =   C,H,0„    +    2C,H,A. 

Insoluble  digitalin.  Digitaliretin. 

Dlgitaliretin  forms  shining  plates  which  melt  at  169°  (336°'2  F.).  It  is 
almost  insoluble  in  water,  sparingly  soluble  in  ether  or  cold  alcohol,  but  readily 
in  boiling  alcohol  (comp.  Schmiedeberg,  Pharm.  J.  Trans.  [3],  v.  74^)' 
Kosmann,  by  boiling  digitalin  with  a  dilute  alkaline  solution  and  precipitating 
by  an  acid,  obtained  digitalic  acid,  Cg^H^gOgg,  a  substance  crystallizing  from 
alcohol,  and  capable  of  forming  crystalline  salts.  By  boiling  with  acids  it  is 
resolved  into  digitaliretin  and  glucose. 

Dulcamarin :  C^aH^Pj^. — Geissler  {Arch.  Fharm.  [3],  vii.  289)  has  re- 
cently examined  the  supposed  alkaloid  from  Solanum  dulcamara,  and  finds 
that  it  consists  of  two  substances  separable  by  ammonia.  The  solution  contains 
the  dulcamarin,  which  may  be  obtained  as  a  pale  yellow  powder  having  a  bitter 
taste.  It  is  soluble  in  acetic  acid,  but  insoluble  in  ether,  chloroform,  and  benzene. 
It  is  unaffected  by  eraulsin,  but  boiling  with  dilute  sulphuric  acid  causes  it  to 
split  up  into  dulcamaretin  and  glucose  :  C^Hg^^^  +  2OH2  =  C^gHggOg  +  CgH^^^j. 
Dulcamaretin  is  precipitated  as  a  tarry  product,  insoluble  in  ether,  chloroform, 
and  benzene,  but  soluble  in  alcohol.  After  purification  it  forms  a  brownish- 
black  resinous  body  destitute  of  odour  and  taste. 

EricoUn  :  Cg^H^gO^j. — This  compound  exists  in  several  plants  of  the  order 
EricacecB,  and  especially  in  the  marsh  rosemary,  Ledum  palustre.  It  is  a  resinous 
substance,  soluble  in  alcohol,  but  only  slightly  soluble  in  water.  When  boiled  with 
dilute  acids  it  yields  glucose  and  ericinol:  C,^HggO^^  +  40H^  =  C^^H,gO  +  4CgH^Pg. 
Ericinol  is  a  volatile  colourless  oil,  which  turns  brown  on  exposure  to  the  air. 
It  boils  at  240° — 242°  (464" — 467''-6  F  ),  and  has  a  disagreeable  odour  and 
nauseous  burning  bitter  taste.  It  has  a  specific  gravity  of  0*874°  at  20°  (68°  F.). 
Frangulin :  (?)  Cg^H  p^^. — Frangulin  may  be  obtained  from  the  bark  of 
Rhamnus frangula  by  fractionally  precipitating  the  alcoholic  extract  with  normal 
and  basic  plumbic  acetate,  suspending  the  final  precipitate  in  alcohol  and  decom- 
posing it  with  sulphuretted  hydrogen.  The  solution  boiled  and  filtered  deposits 
the  substance  in  a  crystalline  state  on  cooling.  It  forms  a  yellow  silky  crystalline 
mass  melting  at  226°  (438°*8  F.)  (Faust,  Ann.  Chem.  Pharm.,  clxv.  231), 
insoluble  in  water,  and  only  slightly  soluble  in  cold  alcohol  or  boiling  ether. 
When  boiled  with  dilute  acids  it  splits  up  into  glucose  and  frangulic  acid, 
(?)  Oj^HgO^.  Liebermann  and  Waldstein  (Deut.  chem.  Ges.  Per.,  ix.  1075) 
suggest  the  formula  C^^H^gO^g  for  frangulin,  and  C^jH^^g  for  frangulic  acid, 
which  is  apparently  a  derivative  either  of  anthracene  or  of  methylanthracene. 

Fraxin  or  Paviin  :  C^gH^gO^^. — A  fluorescent  substance  existing  in  the  bark 
of  the  ash,  Fraxinus  excelsior,  and  along  with  aesculin  in  the  horse  chestnut.  It 
crystallizes  in  tufts  of  colourless  needles,  having  the  composition  2CjgHjg0jQ  +  OHg. 
These  lose  their  water  of  crystallization  when  heated  in  a  stream  of  carbonic  anhy- 
dride at  150°  (302°  F.).     Fraxin  melts  at  190°  (374°F.).     It  is  but  sparingly 
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soluble  in  cold  water  or  alcohol,  but  comparatively  easily  when  hot.  It  is  more 
soluble  in  ether  than  sesculin.  Fraxin  exhibits  a  strong  green-blue  fluorescence 
which  is  increased  by  alkalies,  but  destroyed  by  acids.  Boiled  with  dilute  acids, 
it  is  resolved  into  glucose  and  fraxetin  :  C^gH^gO^^^  +  OH^  =  C^^H^Og  +  CgHj^Og. 
Fraxetin  forms  colourless  needles  which  are  almost  insoluble  in  water,  but  some- 
what more  so  in  alcohol. 

Glohularin  :  (?)  Cg^H^^O^^. — A  glucoside  existing,  according  to  Walz,  in  the 
leaves  of  Glohularia  alyjpum,  and  which,  when  boiled  with  dilute  acids,  is  re- 
solved into  glucose,  yZo&a/are^iXCjjH^^Og,  and  jpar ay /o&wZare^m,  C^jH^^O^,  both 
amorphous  substances. 

Grlycyrrldzin :  (?)  Q>^Jd^.  is  a  substance  of  sweet  taste  obtained  from  the 
liquorice  root,  Glynyrrhiza  glabra  and  G.  echinata  ;  it  cryst-illizes  from  glacial 
acetic  acid  in  aggregates  of  almost  colourless  prismatic  needles ;  easily  soluble 
in  hot  water  or  in  alcohol,  but  only  sparingly  soluble  in  cold  water.  Its 
aqueous  solution  is  precipitated  by  salts  of  barium,  magnesium,  and  copper,  and 
by  basic  plumbic  acetate.  When  boiled  with  dilute  acids,  glycyrrhizin  is  resolved 
into  glucose  and  glycyrretin,  (?)  C^gH^gO^.  Glycyrretin  is  a  brownish-yellow 
resinous  substance,  insoluble  in  water,  but  soluble  in  alcohol  and  in  alkaline 
solutions  (Habermann,  Deut.  chem.  Ges.  Ber.,  x.  870). 

Gratiolin:  (?)  C^^Hg^Oj^,  and  Gratiosolin:  (?)  C^gHg^O^g. — Two  amorphous 
glucosides  contained  in  the  Gratiola  officinalis.  When  boiled  with  a  dilute  acid 
the  first  is  said  to  yield  gratioletin,  C^yHggOg,  a  crystallizable  substance,  and  an 
amorphous  compound,  gratioleretin,  Cj^H^gOg,  besides  a  glucose.  Gratiosolin, 
under  similar  circumstances,  yields  glucose  and  gratiosoletin,  C^^f>^^,  the 
latter  being  resolved  by  continued  boiling  with  acids  into  a  mixture  of  gratioso- 
leretin,  G^J^^f>^,  and  hydrogratiosoleretin,  Cg^IIggO^^. 

Selicin  :  C^gH^gOy. — The  glucoside  of  Ralicylic  aldehyde  obtained  by  treating 
salicin  with  very  dilute  nitric  acid : 

CgH^(CH,.OH).O.CgHyO(OH)^  +  0  =  CgH^(COH).O.CgH,0(OH)^  +  OH,; 

Salicin.  Helicin. 

And  also  from  benzohelicin  by  boiling  it  with  magnesia  and  water,  when  it  splits 
up  into  benzoic  acid  and  helicin  : 

^«"'{o!cfH,0(OH),.C,HA  +  OH,  =  C,H,(COH).O.C.H,0(0H).  +  C,H.O,. 

Benzohelicin,  Helicin,  Benzoic  acid. 

It  forms  very  slender  needles,  which  are  insoluble  in  ether,  sparingly  soluble  in 
cold  water,  but  freely  in  hot  water  or  in  alcohol.  It  melts  at  175°  (347°  F.), 
and  when  submitted  to  the  action  of  emulsin  or  boiled  with  dilute  acids,  it  yields 
glucose  and  salicylic  aldehyde  : 

C^H^(COH).O.C,H,0(OH)^  +  OH^    =    C,HXOH).COH  +  CgHyO(OH),. 

By  the  action  of  bromine  or  chlorine,  helicin  is  converted  into  monobromhelicin 
and  monochlorhelicin  respectively,  the  latter  of  which  exists  in  two  isomeric 
modifications.  When  helicin  in  aqueous  solution  is  treated  with  sodium  amalgam, 
the  nascent  hydrogen  reconverts  it  into  salicin.  With  acetic  chloride  it  yields 
tetracetylhelicin,  ^i^^jS^2^S))f)^  (Schifi",  Ann.  Chem.  Pharm.,  cliv.  i). 

Benzohelicin  :  Q^^^A.^f)^. — This  compound  may  be  produced  synthetically  by 
treating  helicin  with  benzoic  chloride,  0^11^001.,  at  60°  (140°  F.),  whilst  at 
150°  (302°  F.)  with  excess  of  the  chloride  it  yields  tetrahenzoylhelicin, 
CjgHj2(CyH^0)^0y  (Schifi").  Benzohelicin  may  also  be  prepared  from  benzoyl- 
salicin  or  populin  in  a  manner  similar  to  that  employed  in  preparing  helicin 
from  salicin.     It  crystallizes  in  tufts   of  silky  needles   which  are  soluble  in 
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boiling  water.  It  is  not  altered  by  eraulsin,  but  acids  or  alkalies  decompose  it 
readily,  thus : 

^'«'  {  o!Sl,0(OH)3(O.C,H,0)+^OH,  =  CA(OH),COH+C,HA  +  C  H,A. 

Benzohelicia.  Salicylic  aldehyde.     Benzoic  acid.     Glucose. 

HeUco'idin :  (^^^^sfiu- — '^^'^  substance  is  formed  by  the  action  of  very 
dilute  nitric  acid  on  salicin  :  2C,.,H,  O,  +  0  =  C„^H,  O  ^  4-  OH,,  and  also  when  a 
solution  of  helicin  is  treated  with  sodium  amalgam ;  being  converted,  however, 
into  salicin  by  the  continued  action  of  nascent  hydrogen.  Under  the  influence 
of  emulsin  it  is  resolved  into  saligenol,  CjUfi^,  salicylic  aldehyde   and   glucose  : 

C;Hfo:c:H;o}0H)'ici!oH|+=0H,-C,H,(OH).CH,OH+C.H.(OH)COH  +  2C.H,A. 

If  the  formula  here  assigned  to  helicoi'din  be  correct,  it  should  furnish  a  non- 
acetyl  derivative  and  not  an  octacetyl  derivative  (comp.  Schiff,  loc.  cit ). 

Hellehorin:  C,  H^„0^,  and  Hellehore'in:  C^  HO,  .  are  two  glucosides  existing 
in  the  roots  of  Hellehorus  niger  and  H.  viridis.  HeUeborein  is  much  more 
abundant  in  black  than  in  green  hellebore,  but  always  occurs  in  larger  quantity 
than  hellehorin,  which  should  be  prepared  from  green  hellebore,  as  it  occurs  very 
sparingly  in  the  black.  Hellehorin  forms  glistening  white  needles,  insoluble  in 
cold  water,  easily  soluble  in  boiling  alcohol  and  in  chloroform.  It  is  a  stronger 
narcotic  than  helleborein,  and  when  boiled  with  dilute  acids,  it  is  resolved  into 
glucose  and  hellehoresin,  CggH^gO^,  a  resinous  substance  insoluble  in  water,  but 
easily  soluble  in  boiling  alcohol :  ^^^J^,  +  40H.^  =  Cg^H^^O^  +  C^H^Pg.  Kelle- 
hore'in  may  be  obtained  from  its  alcoholic  solution  in  nodular  masses  consisting 
of  microscopic  needles  :  it  is  very  soluble  in  water,  less  so  in  alcohol,  and  insoluble 
in  ether.  Boiling  dilute  acids  resolve  it  into  glucose  and  hellehoretin,  which 
is  thrown  down  as  a  dark  violet-blue  precipitate:  C^gH^^jg  =  Cj^H^^Og  +  2Cfi.^fi^. 
Hellehoretin  forms  a  greyish-green  amorphous  and  tasteless  powder,  which 
melts  above  200°  (392°  F.),  and  is  insoluble  in  water  and  ether,  but  easily 
soluble  in  alcohol,  yielding  a  violet-coloured  solution  (Husemann  and  Marme, 
Ann.  C/iem.  Pharm.,  cxxxv.  55). 

Hesperidin  :  Cg^HggO^,'  i^  T^09,t  easily  prepared  from  unripe  bitter  oranges  by 
exhausting  them  with  water,  treating  the  residue  with  a  mixture  of  equal  parts 
of  water  and  alcohol  containing  i  per  cent,  of  potassic  hydrate,  and  precipitating 
the  impure  hesperidin  from  the  clear  solution  by  hydrochloric  acid.  When 
pure,  it  forms  microscopic  needles  which  are  almost  insoluble  in  cold  water, 
more  soluble  in  alcohol  and  hot  acetic  acid,  and  easily  soluble  in  ammonia;  it  is 
insoluble  in  ether  and  benzene,  and  melts  at  about  245°  (473°  F.).  When 
hesperidin  is  boiled  with  dilute  acids,  it  is  resolved  into  glucose  and  hesperetin : 
^22^26^12  =  ^16-^1  A  +  ^6-'^i2^6-  Hespcretiu  forms  colourless  crystals,  having  a 
sweet  taste  and  melting  at  223°  (433°'4  F.).  It  is  almost  insoluble  in  cold 
water,  but  dissolves  readily  in  alcohol  or  ether,  and  in  alkalies  ;  the  aqueous 
solution  is  coloured  brown-red  by  ferric  chloride.  When  heated  with  potassic 
hydrate  solution  at  100'^  (212°  F.),  it  is  resolved  into  phloroglucol  and  hesperitic 
acid:  CgH^p^  +  OH^  =  Cj^H^„0^+CgH3(OH)3;  but  when  hesperetic  acid  or 
hesperetin  is  fused  with  potassic  hydrate,  protocatechuic  acid  is  obtained.  It  is 
probable  that  hesperetin  is  related  to  coniferylic  alcohol,  as  on  heating  it  with 
water  at  250°  (482°  F.)  a  substance  smelling  strongly  of  vanilla  is  produced 
(Hilger,  Deut.  chem.  Ges.  Ber.,  ix.  26  ;  Hofmann,  ihid.,  ix.  685  ;  Paterno 
and  Briosi,  ibid.,  ix.  250). 

Jalapin  or  Scammonin  :  C^fi^fi^^,  2indi  Jalapic  Acid :  Cg^H^^O^g  (?). — 
Jalapin  is  a  glucoside  occurring  in  the  root  stalk  of  Convolvulus  Orizabensis,  and 
may  be  prepared  from  commercial  Resina  jalappce  ex  stipitibus  or  from  scam- 
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mony  resin  (from  C.  scammonia).  It  is  a  colourless  amorphous  resin,  only 
slightly  soluble  in  water,  but  freely  in  alcohol,  ether,  and  chloroform.  Jalapin  from 
jalap  when  heated  with  dilute  acids  is  resolved  into  glucose  axidjalapinol  (Mayer, 
Ann.  Chem.  Fharm.,  xcv.  129) :  2C3,H,,0,,  +  iiOH,  =  C3,H,P,  + 6C,H^A  ; 
whilst  according  to  Spirgatis  {ibid.,  cxvi.  289),  the  jalapin  from  scammony 
yields  glucose  ^n<ijalapinolic  acid  :  C^.H^p^^  +  5OH,  =  ^r,"^,fi,  +  Z^^.fi,- 

Jalapinol  forms  white  dendritic  crystalline  masses,  which  are  soluble  in 
alcohol  and  ether,  and  melt  at  62'^  (i43°"6  F.).  In  contact  with  alkaline 
solutions,  ammonia,  or  bar^'ta,  it  is  converted  into  a  salt  of  jalapinolic  acid : 
C3.H,A  +  BaHA  =  (C,AA).Ba  +  3OH,. 

Jalapinolic  acid  crystallizes  in  tutts  of  colourless  needles  which  melt  at  64'' 
(i47°*2  F.).  It  is  insoluble  in  water,  but  soluble  in  alcohol  or  ether.  It  is  a 
monobasic  acid,  and  forms  crystalline  salts  with  the  metals  of  the  alkalies,  with 
ammonia,  and  with  barium  ;  the  compounds  with  the  heavy  metals  are  mostly 
amorphous.  When  oxidized  with  nitric  acid  it  yields  sebacic  acid  (comp. 
convolvulin). 

Jalapic  acid,  or  scammonic  acid,  an  amorphous  yellowish  brittle  substance 
very  soluble  in  water  or  alcohol,  but  less  so  in  ether,  is  formed  from  jalapin  by 
the  assimilation  of  water.  It  is  prepared  by  boiling  jalapin  with  baryta  water 
until  dissolved,  removing  the  baryta  in  the  usual  svay,  and  evaporating.  By  the 
action  of  concentrated  hydrochloric  acid  it  is  resolved  into  jalapinol  and  glucose 
(Muyer) :  2G^^B.^fi^^  +  7OH,  =  C3,H,,0,  +  6Cfi^fi^.  Sometimes  when  jalapic 
acid  is  boiled  for  a  short  time  with  hydrochloric  acid  a  compound  alphajalapic 
acid,  C^gllg^jO^g,  is  produced,  intermediate  between  jalapinol  and  jalapic  acid  ; 
it  is  probably  formed  from  the  latter  by  the  elimination  of  a  molecule  of  glucose  : 
^34^60^13  +  ^^i  =  ^28^60013  +  CgH^^Og.  It  crystallizes  in  silky  needles  which 
melt  below  80"  (176°  F.).  Dilute  acids  convert  it  into  jalapinol  and  glucose  : 
2C,A.0,3  +  5OH,  =  C,.H,,0,  +  4C.H,  A. 

Menyanthin :  (?)  Cg^jH^gO^^. — A  bitter  amorphous  substance  discovered  by 
Brandes  in  the  buckbean,  Menyanthes  trifoliata.  It  is  insoluble  in  ether, 
sparingly  soluble  in  cold  water,  but  more  readily  in  hot  water  or  in  alcohol. 
When  distilled  with  dilute  sulphuric  acid  it  is  decomposed,  a  colourless,  oil 
menyanthol,  CgH^O  (?),  passing  over,  having  an  odour  similar  to  benzoic  aldehyde, 
whilst  dextrog'ucose  remains  behind  (Kromayer,  Arch.  Fharm.  [2],  cxxiv.  37). 

Murrayin:  CggH^^O^^,  a  glucoside  obtained  by  De  Vrij  hoxn  Murray  a  exotica, 
crystallizes  in  minute  needles,  which  have  a  slightly  bitter  taste.  It  melts  at 
170°  (338°  F.),  is  insoluble  in  ether,  sparingly  soluble  in  cold  water,  but  easily  in 
boiling  water  or  in  alcohol.  The  crystals  have  the  formula,  CggH^p^,,  +  OH^,  but 
Icse  their  water  of  crystallization  at  115°  (239*^  F.).  Heated  with  dilute  acids  it  is 
resolved  into  murrayetin  and  glucose  :  C^gH^^O^^  +  2OH2  =  C^^H^^O^^  +  2Q^^f>^. 
Murrayetin  crystallizes  in  silky  needles  or  in  rhombic  prisms.  It  is  only  slightly 
soluble  in  cold  water,  but  easily  in  alcohol.  Both  murrayin  and  murrayetin  are 
fluorescent  in  alkaline  solution  (Bias,  Zeits.  Chem.,  v.  316;  Hoffmann,  Deut. 
chem.  Ges.  Ber.,  ix.  690). 

Myronic  acid :  C^^H^gNS^O^^. — The  potassium  salt  of  this  acid  occurs  in  the 
seed  of  the  black  mustard,  Sinapis  nigra,  and  may  be  obtained  by  crystalliza- 
tion from  alcohol  in  silky  needles,  whilst  from  its  aqueous  solution  it  separates 
in  short  transparent  rhombic  prisms.  It  is  easily  soluble  in  water,  but  only 
with  difficulty  in  alcohol.  When  a  dilute  solution  is  submitted  to  the  action  of 
myrosin,  an  albumenoid  substance  contained  in  white  mustard,  it  is  readily 
decomposed,  yielding  ally  lie  thiocyanate,  CgH^NCS,  and  glucose  (comp.  p.  582)  : 

C„H,.KNS,0,   =   C,H.NCS    +    C.H^.G.    +    KHSO.. 

Potassio  myronate  is  not  decomposed  by  emulsin  or   by  yeast.     Free  myronic 
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acid  may  be  obtained  from  the  crystalline  barium  compound  by  decomposing  it 
with  dilute  sulphuric  acid.  The  solution  of  the  acid  dries  up  to  an  uncrystallizable 
syrup,  which  is  soluble  in  alcohol  but  not  in  ether. 

Ononin:  (?)  CggH^gOgy,  and  Onosjpin:  i^)  ^^fi^fi^^- — On onin,  a  compound 
existing  in  the  root  of  Ononis  spinosa,  may  be  obtained  in  colourless  needles, 
which  melt  at  235°  (455°  F,).  It  is  but  sparingly  soluble  in  boiling  water, 
more  so  in  boiling  alcohol,  and  insoluble  in  ether.  When  boiled  with  a 
solution  of  an  alkali,  or  with  baryta  water,  it  yields  onospin  and  a  formate  : 
^A,%  +  20H^  =  G^Jl^p,,  +  2H.COOH.  Hydrochloric  or  dilute  ,  sulphuric 
acid,  when  heated  with  ononin,  decompose  it  with  formation  of  formonetiriy 
<-'.oH,oO,3.  and  glucose  :  C.^H.^O^  =  C^^H^As  +  ^C^H^^  +  2OH,.  Formonetin 
forms  colourless  crystals,  which  are  nearly  insoluble  in  water  and  in  ether,  but 
somewhat  soluble  in  alcohol. 

Onospin  is  deposited  from  its  boiling  aqueous  solution  as  a  white  crystalline 
mass.  It  is  insoluble  in  ether,  but  easily  soluble  in  alcohol,  and  in  alkaline 
solutions,  being  precipitated  from  the  latter  on  the  addition  of  an  acid.  It  melts 
at  162°  (323°'6  F.),  and  when  boiled  with  dilute  acids  yields  ononetin^ 
^48^4,0,3'  and  glucose  :  C^^H^^O,,  =  C^,H^,0,3  +  2C,H,p^.  Ononetin  may  also 
be  obtained  by  decomposing  formonetin  by  boiling  it  with  baryta  water : 
C^^H^O^g  +  4OH2  =  C^gH^^O^g  +  2H.COOH.  Ononetin  crystallizes  in  long 
colourless  prisms,  which  melt  at  120°  (248°  F.).  It  is  nearly  insoluble  in 
water,  but  soluble  in  alcohol  and  in  alkaline  solutions.  Its  ammoniacal  solution 
when  exposed  to  the  air  acquires  a  deep  green  colour  (Hlasiwetz,  Wien.  Akad. 
Ber.,  XV.  142). 

Paridin:  Cg^H^gOj^  (?)  and  Paristyphnin:  CggHg^O^g  (?),  two  glucosides 
contained  in  Paris  quadrifolia.  Paridin  crystallizes  in  thin  plates,  or  in  tufts 
of  needles.  It  is  only  slightly  soluble  either  in  boiling  water  or  alcohol, 
and  when  boiled  with  hydrochloric  acid  in  dilute  alcoholic  solution  yields  paridol, 
C,,H,A,  and  glucose:  C,,^  A, -^  On,  =  C^  fl,fi^+ Cfi^fi,.  Paristyphnin  is 
an  amorphous  substance  which,  when  boiled  with  water,  yields  glucose  and 
paridin  :   C^H^O,.  +  2OH,  =  C,,H„0,  +  C,H,A- 

Phillyrin:  ^^i^iPiv  ^  colourless  crystalline  substance  extracted  from  the 
bark  of  Phillyrea  latifolia.  It  has  a  bitter  taste,  is  but  sparingly  soluble  in  cold 
water,  more  so  in  boiling  water  and  in  alcohol,  but  insoluble  in  ether.  It  melts 
at  160°  (320°  F.),  and  when  boiled  with  dilute  hydrochloric  acid,  it  is  resolved 
into  phillygenin,  and  a  glucose :  C^yHg^^j  +  OH^  =  C^^H^Pg  +  CgH^p^. 
Phillygenin  may  be  obtained  in  a  nacreous  mass  of  crystals  which  are  almost 
insoluble  in  cold  water,  but  dissolve  readily  in  alcohol  or  ether.  Both  phillyrin 
and  phillygenin  yield  substitution  compounds  by  the  action  of  chlorine,  bromine, 
and  nitric  acid. 

Phlorizin  and  Isophlorizin:  C^Jl^fi^^. — Phlorizin  is  found  in  the  root  bark 
of  the  apple,  pear,  plum,  and  cherry  tree,  and  may  readily  be  extracted  by 
treating  the  bark  with  dilute  alcohol,  decolorizing  the  solution  with  animal 
charcoal,  and  concentrating.  It  crystallizes  in  slender  silky  needles,  which  are 
only  sparingly  soluble  in  cold  water,  but  readily  on  boiling.  It  is  also  easily 
soluble  in  alcohol,  but  insoluble  in  ether.  The  crystals  have  the  composition 
^21^24^10  "^  2OH2,  but  lose  their  water  at  ioo°  (212"  F.).  Anhydrous  phlorizin 
melts  at  109°  (228°-2  F.).  By  the  simultaneous  action  of  air  and  ammonia  on 
phlorizin,  an  uncrystallizable  reddish-brown  product  is  obtained,  called  jc»AZoro2;ei«, 
having  the  composition  C^^IIgjjNjOjg.  By  boiling  phlorizin  for  a  short  time 
with  dilute  acids,  or  by  prolonged  contact  in  the  cold,  it  is  decomposed  into 
phloretin  and  a  glucose  (comp.  p.  582)  :  C.^H^.O^,  +  OH^  =  C^^H^^O,  +  C,H,,0,. 
Phloretin  crystallizes  in  microscopic  plates  almost  insoluble  in  cold,  and  but 
sparingly  soluble  even  in  boiling  water  or  in  ether;  very  soluble  in  hot  alcohol. 
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It  melts  at  i8o°  (356°  F.).  It  yields  bromo-  and  nitro-derivatives  by  the  action 
of  bromine  and  of  nitric  acid  respectively.  Tetrahromopliloretin,  C  H  Br^O  , 
crystallizes  in  pale  yellow  needles,  which  melt  at  205° — 210°  {401° — 410°  F.). 
It  is  insoluble  in  water,  sparingly  soluble  in  alcohol,  but  easily  soluble  in  ether. 
Nitrojphloretin,  C^^^^{^02)0^,  is  a  brown  amorphous  compound. 

When  phloretin  is  boiled  for  some  time  with  a  concentrated  solution  of 
potassic  hydrate,  it  is  decomposed,  yielding  phloretic  acid  (comp.  p.  493), 
CgH^^Og,  and  phloroglucol,  CgHgO^. 

Isophlorizin,  according  to  Kochleder  [Zeits.  Chem..  iv.  721),  occurs  in  the 
leaves  of  the  apple-tree.  It  crystallizes  in  thin  silvery  needles,  which  melt 
at  105°  (221°  F.).  Dilute  acids  act  on  it  far  more  readily  than  on  phlorizin, 
giving  rise  to  isophloretin  and  a  glucose.  Isophloretin  closely  resembles  phloretin, 
but  is  easily  soluble  in  ether.  By  the  action  of  potassic  hydrate,  it  yields 
phloroglucol  and  isophloretic  acid. 

Pinipicrin:  CosHggOj^,  a  bitter  glucoside  occurring  in  the  needles  and  bark 
of  the  Scotch  fir  {Pinus  Sylvestris)  and  in  the  Thuja  occidentalis,  forms  a 
bright  yellow  powder,  which  melts  at  about  100°  (212°  F.).  It  is  soluble  in 
alcohol,  very  soluble  in  water,  but  insoluble  in  pure  dry  ether.  When 
heated  with  dilute  acids,  it  is  resolved  into  ericinol  and  a  glucose : 
C,,H,.0„  +  2OH,  =  C„H.,0  +  2C.H„0.. 

Populin  or  Benzoyls alicin  :  Og^H^^^s'  ^^^  discovered  by  Braconnot,  in  the 
bark  and  leaves  of  the  aspen  {Populus  tremula).  It  crystallizes  in  colourless, 
silky  needles  of  the  composition  C^^^H^Pg  +  zOYL^,  which  part  with  their  water 
below  100°  (212'^  F.).  Anhydrous  populin  melts  at  180°  (356°  F.).  Populin 
dissolves  in  70  pts.  boiling  water,  but  is  only  slightly  soluble  in  the  cold.  It  is 
more  soluble  in  alcohol,  but  almost  insoluble  in  ether.  Dilute  nitric  acid 
oxidizes  it  to  benzohelicin,  Q^^^f)^  {vide  Helicin),  but  when  boiled  with  dilute 
sulphuric  or  hydrochloric  acid,  it  is  converted  into  glucose,  benzoic  acid,  and 
saligenol,  C^HgO^ : 

— but  the  saligenol  is  converted  into  saliretin  by  the  further  action  of  the  acid. 
Boiled  with  baric  or  calcic  hydrate,  it  yields  salicin  and  benzoic  acid : 
^20-^22^8  "^  ^^2  -  ^ifiii^i  +  ^T^fir      Fmulsin  has  no  action  on  populin. 

Prophetin :  C^gHggOy,  a  bitter,  resinous  principle  contained  in  the  fruit  of 
Cucumis  prophetarum,  which  when  boiled  with  acids  yields  propheterivit 
CjoHg^^,  and  a  substance  of  the  nature  of  glucose. 

Quinovin  or  Qmnora  bitter :  Cg^^H^gOg,  is  found  in  the  false  cinchona  bark 
{Cinchona  nova),  and  according  to  De  Vrij  in  the  C.  Calisaya  of  Java.  It  is 
an  amorphous  substance  possessing  a  very  bitter  taste,  almost  insoluble  in  water, 
very  soluble  in  alcohol,  and  moderately  so  in  ether  and  chloroform.  It  is  dex- 
trorotatory, but  is  less  active  than  quinovic  acid.  By  passing  dry  hydrochloric 
acid  into  an  alcoholic  solution  of  quinovin,  it  is  resolved  into  quinovic 
acid,  Cj^HggO^,  and  a  peculiar  saccharine  substance  called  quinova-sugar : 
Cg^H^gOg  +  0H2=  Cg^HggO^  4  CgHj^Og.  The  quinovic  acid,  which  is  deposited  as 
a  white  crystalline  powder  consisting  of  minute  six-sided  plates,  is  insoluble  in 
water,  and  only  sparinglj'  soluble  in  ether  or  boiling  alcohol.  It  is  dibasic,  and 
only  possesses  feeble  acid  properties,  but  is  capable  of  decomposing  the  alkaline 
carbonates.      Its  salts  are  not  crystalline. 

Quinovatannic  acid,  a  substance  resembling  quinotannic  acid,  obtained  by 
Hlasiwetz  {Ann.  Chem.  Pharm.,  Ixxix.  130)  from  the  bark  of  Cinchona  nova 
and  C.  surinamensis.  It  does  not  yield  any  precipitate  either  with  gelatin  or 
with  tartar  emetic,  and  when  boiled  with  dilute  acids,  it  is  decomposed  with 
formation  of  cinchona-red,  and  a  saccharine  substance. 
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Hatanhia- tannic  acid,  a  peculiar  tannin  found  in  the  bark  of  rhatany-root, 
Krameina  triandra,  which  when  boiled  with  dilute  sulphuric  acid  yields  ratanhia- 
red,  C^gHj^O^j,  and  a  difBcnltly-crystulIizable  glucose.  On  being  fused  with  potassic 
hydrate,  ratanhia-red  is  resolved  into  protocatechuic  acid  and  phloroglucol. 

Rhamnin  and  Rhamnegin,  Xanthorhamnin,  Chrysorhamnin  :  ^.^flaPn^ 
The  yellow  colouring  matters  contained  in  "Persian  berries,"  or  '' graines 
d' Avignon,"  derived  from  the  Rhamnus  amygdalinus,  R.  oleoides,  R.  saxatilis, 
growing  in  Persia  and  Turkey,  and  the  R.  infectorius  and  R.  tinctoriua, 
growing  in  Avignon,  have  been  examined  by  many  investigators,  but  the  results 
obtained  are  somewhat  conflicting,  and  the  nature  and  composition  of  these  com- 
pounds cannot  be  regarded  as  definitely  settled. 

According  to  LeI'ort  (^Comjot.  Rend.,  Ixiii.  840,  and  Ixvii.  345),  there  are  two 
isomeric  substances  present  in  the  fruits,  one  of  which,  rhamnin,  is  amorphous  and 
insoluble  in  water,  but  soluble  in  boiling  alcohol;  the  other,  rhamnegin,  crystallizes 
in  tufts  of  minute  needles  of  a  yellowish- white  colour,  easily  soluble  in  water  and 
in  hot  alcohol.  It  appears  to  be  identical  with  the  xanthorhamnin  of  Gellatly. 
Ehamnegin  when  boiled  with  very  dilute  acids  is  completely  converted  into  the 
isomeric  rhamnin,  which  by  the  action  of  stronger  acids  yields  rhamnetin,C^fi^fi^, 
and  an  isomeride  of  mannitol  (?):  C,Ji.^fi^^  +  sOB-,  =  C^^B.^fi^+  2C^li^p^. 
Rhamnetin  is  a  pale  yellow,  crystalline  substance,  very  similar  in  properties  to 
qnercetin,  with  which  it  is  considered  to  be  identical  by  Hlasiwetz  {A?in.  Chem. 
Pharm.,  cxii.  107)  and  by  Stein  {Zeits.  chem.,  v.  183,  568).  When  fused  with 
potassic  hydrate,  it  yields  phloroglucol  and  quercetic  acid.  Schiitzenberger 
states  [Compt.  Rend.,  Ixix.  350)  that  rhamnegin  may  be  formed  synthetically 
from  rhamnetin  by  heating  its  lead  compound  with  diacetylsaccharou  at 
140°  (284°  F.). 

The  berries  of  the  buckthorn,  R.  cafharticus,  contain  rhamnegin,  or,  ac- 
cording to  Schiitzenberger,  two  isomeric  modifications  of  rhamnegin,  one  of  which 
is  more  soluble  in  alcohol  than  the  other,  and  also  more  fusible. 

Rhinanthin  :  C  H„0„„,  a  glucoside   contained  in   the  seeds   of   the  yellow 
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rattle,  Rhinanthus  Crista  Galli,  and  in  those  of  Alectrolophus  hirsutus,  crystal- 
lizes in  stellate  groups  of  prisms  which  are  easily  soluble  in  water  and  in  alcohol. 
It  is  decomposed  by  acids  yielding  a  saccharine  substance  and  a  brown  non- 
crystalline compound,  rhamnogenin. 

Rohinin  ;  C  H  0,„,  a  yellow  crystalline  glucoside  obtained  from  the  blossoms 
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of  the  Rohinia pseudacacia.  It  forms  silkj'  needles  which  lose  their  water  01 
crystallization  at  100°.  Robinin  melts  at  195°  (383''  F.).  It  is  insoluble  in 
ether,  and  but  slightly  soluble  in  cold  water  or  alcohol.  When  boiled  with 
dilute  acids,  it  is  said  to  split  up  in  the  manner  indicated  in  the  equation  : 
^•25^3^0^^+ 20H2  =  Cj3Hj^0g-l- 2CgHj20g,  yielding  quercetin  and  a  peculiar 
species  of  sugar,  rohinin- sugar,  which  does  not  crystallize,  and  which  when  heated 
with  nitric  acid  yields  trinitrophenol  and  traces  of  oxalic  acid.  It  does  not 
undergo  fermentation  in  contact  with  yeast. 

Eutin,  PhylomeCin,  or  Melin  :  €25112,0^5,20112,  is  a  glucoside  which  appears 
to  be  very  widely  diffused  in  the  vegetable  kingdom,  being  contained  in  garden 
rue,  Ruta  graveolens,  in  capers,  from  Capparis  spinosa,  and  in  "  Waifa'  or 
Chinese  yellow,  in  grains,  the  undeveloped  flower  buds  of  Sophora  japonica.  It 
crystallizes  Irom  its  aqueous  solution  in  pale  yellow  slender  needles,  which  lose 
their  water  of  crystallization  at  150°  (302°  F.).  It  is  insoluble  in  ether,  only 
slightly  soluble  in  cold  water  or  alcohol,  but  readily  on  boiling.  It  also 
dissolves  easily  in  dilute  alkaline  solutions.  When  boiled  with  dilute  acids,  it 
yields  quercetin  and  a  glucose  :  C25H280^5  -f-  30H^  --  G^fi^fi^  +  2(^^Yi^.p^.  The 
glucose  forms  a  colourless  uncrystallizable  syrup  which  yields  oxalic  acid  when 
treated  with  nitric  acid.     It  does  not  undergo  fermentation. 
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Salicin  :  C^.^H^gOy — This  glucoside  occurs  in  the  bark  of  many  species  of 
willow  and  poplar,  also  in  the  green  parts  of  several  spiraeas,  and  in  castoreum. 
It  may  also  be  prepared  by  the  action  of  nascent  hydrogen  on  helicin  ;  or  by 
treating  populin  with  calcic  or  baric  hydrate,  when  it  is  resolved  into  benzoic 
acid  and  salicin,  Salicin  crystallizes  in  broad  colourless  tables  belonging  to  the 
trimetric  system.  It  is  insoluble  in  ether,  but  soluble  in  water  and  in  alcohol  ; 
its  solutions  have  a  bitter  taste.  It  melts  at  120°  (248°  P.).  A  solution  of 
salicin  turns  the  plane  of  polarization  to  the  left,  the  apparent  specific  rotatory 
power  being  [a]r=  -55°*8.  As  already  noticed  (p.  527),  when  treated  with 
dilute  acid,  or  submitted  to  the  action  of  emulsin  or  synaptase,  it  is  resolved 
into  saligenol  and  glucose  : 

C,HXCH,.OH).O.C,H,OlOH),    +   OH,   =   C,HXOH).CH,.OH    +    C,H^,0,. 

When  salicin  is  dissolved  in  an  alcoholic  solution  of  sodic  ethj'late,  the  liquid 
soon  solidifies  to  a  crystalline  pulp  of  sodiuin-salicin,  C^gH^yNaO^  (Perkin, 
Chem.  News,  xviii.  no).  At  the  ordinary  temperature,  acetic  chloride  converts 
salicin  into  a  compound  of  acetic  chloride  with  tetracetylsalicin  of  the  composi- 
tion C^3H^^(C2H30)Py.C2H30Cl.  Tetracetylsalicin  may  be  obtained  from  this, 
together  with  argentic  chloride  and  acetic  acid,  by  treatment  ivith  argentic 
nitrate.     It  crystallizes  in  needles,  and  is  soluble  in  alcohol,  ether,  and  water. 

Chlorosalicin  :  Cj3H^yC10y,20H2,  is  formed  on  passing  chlorine  into  a  mix- 
ture of  one  part  of  salicin  with  four  of  water  until  the  crystals  have  dissolved. 
After  a  time,  monochlorosalicin  separates  in  slender  silky  needles.  It  is  insoluble 
in  ether,  but  soluble  in  water  and  in  alcohol.  By  the  continued  action  of 
chlorine,  it  is  converted  into  dichlorosalicln,  C^Jl^^C\f>^,2011^,  which  also 
crystallizes  in  long  silky  needles  almost  insoluble  in  ether  and  in  cold  water, 
but  moderately  soluble  in  alcohol.  Per  chlorosalicin,  Q>^^^f^\fi^,2Qi^^,  is 
obtained  as  a  yellow  crystalline  powder,  by  passing  chlorine  into  hot  water  in 
which  dichlorosalicln  is  suspended,  and  containing  lumps  of  marble  to  neutralize  the 
hydrochloric  acid  as  it  is  formed.  It  is  purified  by  washing  it  with  ether,  and 
subsequent  crystallization  from  dilute  alcohol.  All  these  chlorine  derivatives 
lose  the  two  molecules  of  water  of  crystallization  when  heated  to  100^  (212°  P.). 

Bromosalicin :  C^^Jl^^BrO^,201l^,  separates  in  a  crystalline  state  on  adding 
the  requisite  amount  of  bromine  to  salicin  dissolved  in  20  parts  of  water.  It 
crystallizes  from  water  in  colourless  four-sided  prisms  which  lose  their  water  of 
crystallization  at  110°  (230°  P.)  and  fuse  at  160°  (320°  P.).  It  is  decomposed 
by  emulsin  with  formation  of  hromosaligenol,  CjlfiT((yH).ClI^.011  (Schmidt, 
Zeits.  chem.,  i.  320). 

Saponin,  Siruthin,  Githagin,  Senegin,  Polygalin  :  CgjHj^O^g. — This  glu- 
coside, first  discovered  by  Schrade  in  the  common  soapwort,  Saponaria  officinalis, 
has  been  obtained  from  the  oriental  soapwort,  Gysophila  struthium,  from  Quillaja 
bark,  from  the  seeds  of  the  corn  cockle,  Agrostemma  giihago,  from  senega  root, 
from  horse  chestnuts,  and  the  roots  of  numerous  plants  belonging  to  the  natural 
orders  Polygalacece,  Caryopliyllacece  and  Primulacece.  It  is  obtained  as  a 
white  amorphous  fusible  powder  of  peculiar  aromatic  odour,  which  is  insoluble  in 
ether  and  in  dry  alcohol,  but  soluble  in  dilute  alcohol,  and  readily  soluble  in 
water,  form.ing  a  liquid  which  froths  on  agitation.  Its  solution  is  precipitated 
by  plumbic  acetate.  Dilute  acids  decompose  saponin  slowly  in  the  cold,  but 
more  rapidly  when  heated,  with  formation  of  a  glucose  and  separation  o^  sapogenin 
(Rochleder,  Zeits.  chem.,  iii.  632):  C^^H^.O,^  +  20H,  =  C^^H^^^.^  +  3CgH^^0^. 
Sapogenin  crystallizes  in  tufts  of  needles,  which  are  soluble  in  alcohol  and  in 
ether. 

The  above  equation  only  represents  the  final  stage,  however,  there  being  two 
intermediate   ones,  the   first  resulting  in  the  formation  of  a  substance   which 
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Fremy  designated  asculic  acid:  C^Jl^p^^  =  Q^JlJ}^^  +  Gfi^p^.  In  the 
second  stage  a  gelatinous  substance  having  the  composition  Q>^^^,(d^  is 
produced :  Cg.H^^O^g  +  OH^  =  Q,Jl^f>^  +  20^11^^^ ;  whilst  in  some  instances  a 
compound,  Cg^H^^Og,  is  obtained  differing  from  sapogenin  in  being  much  more 
readily  soluble  in  alcohol,  and  which  may  be  regarded  as  derived  from  two 
molecules  of  sapogenin  and  one  of  a  glucose,  with  elimination  of  water  : 
2C..H  A  +  C.H„0.  =.  C„H„0,  +  OH,. 

Sinalbin :  Cgj^H^^N^S^O^g  (?),  a  glucoside  contained  in  mustard-seed,  which,  like 
potassic  myronate,  is  decomposed  by  contact  with  an  aqueous  exlract  of  mustard, 
yielding  glucose,  acrinyl  thiocyanate,  CgHyNSO,  and  sinapisirie  sulphate, 
C^gH^gNSOg  together  with  an  albuminous  substance.  Acrinyl  thiocyanate  is 
insoluble  in  water,  soluble  in  ether,  and  resembles  the  allyl  compound,  but  is  not 
volatile  (Will,  Zeits.  cliem,  [2],  vii.  89). 

Solanine. — An  organic  substance  of  basic  nature  discovered  by  Desfosses  in 
the  fruits  of  the  <SoZaww7W  Jii^rww,  and  since  obtained  from  other  plants  belonging 
to  the  same  genus,  especially  from  the  etiolated  shoots  and  from  the  tubers  of 
the  potato.  It  is  only  slightly  soluble  in  cold  alcohol,  but  easily  when  it  is  hot, 
crystallizing  out  again  on  cooling  in  slender  silky  needles.  It  melts  at 
235;°  (455°  F.),  and  is  almost  insoluble  in  water  and  in  ether,  but  readily  soluble 
in  dilute  acids,  being  precipitated  again  in  a  gelatinous  state  on  the  addition  of 
an  alkali.  It  is  very  poisonous.  The  composition  of  solanine  is  yet  a  matter  of 
uncertainty,  Zwenger  and  Kind  {Ann.  Chem.  Pliarm.,  cix.  244;  and  cxviii.  129) 
assigning  to  it  the  formula,  C^gH^^NOjg,  whilst  Kletzinsky  {Zeits.  chem.  [2],  ii.  1 2  7) 
makes  it  Cg^Hg^NOy  Solanine  forms  both  neutral  and  acid  salts,  which  are 
mostly  non-crystHlline. 

When  solanine  is  boiled  with  dilute  hydrochloric  acid,  it  is  decomposed  with 
formation  of  a  glucose  and  an  alkaloid,  solanidine,  to  which  Zwenger  ard  Kind 
assign  the  formula,  C.^gH^^NO,  representing  the  reaction  which  takes  place  in  the 
following  manner:  C^gHy^NO,^  +  aOH^  =  C^^H^^NO  +  3CgHj20g.  The  solani- 
dine separates  as  hydrochloride,  from  which,  after  purification  by  crystallizing 
the  salt  from  ether- alcohol,  the  base  may  be  obtained  by  precipitating  its 
alcoholic  solution  with  ammonia.  Solanidine  is  almost  insoluble  in  water,  but 
easily  soluble  in  alcohol  or  ether,  crystallizing  in  long  colourless  needles.  Its 
solutions  have  a  bitter,  slightly  astringent  taste.  The  salts  of  solanidine,  both 
neutral  and  acid,  are  only  sparingly  soluble  in  water  or  in  dilute  acids ;  most  of 
them  are  crystalline. 

A  solution  of  solanidine  in  slightly  diluted  sulphuric,  or  cold  concentrated 
hydrochloric  acid,  assumes  a  reddish  or  violet  colour  which  passes  into  yellow, 
and  on  standing  deposits  a  bulky  yellow  or  brown  precipitate.  This  consists  of 
a  mixture  of  the  salts  of  two  bases,  one  of  whicli,  in  the  free  state,  is  soluble  in 
ether,  and  appears  to  be  impure  solanidine,  whilst  the  other,  insoluble  in  ether,  is 
solanicine,  Cg^Hy^NgO  (?).  It  is  very  slightly  soluble  in  water  and  in  alcohol,  and 
requires  2000  parts  of  ether  to  dissolve  it,  crystallizing  in  slender  needles  on  the 
spontaneous  evaporation  of  the  solution.  Its  salts  are  amorphous,  and  easily 
soluble  in  alcohol  or  water,  but  insoluble  in  ether. 

It  will  readily  be  seen  from  this  short  notice  that  our  knowledge  of  solanine 
and  the  products  of  its  decomposition  is  very  unsatisfactory ;  the  whole  subject 
requiring  further  investigation. 

Syringin  :  Q^fi^fi^^.OH^. — This  substance  is  obtained  from  the  bark  of 
the  lilac,  Syringa  vulgaris,  in  which  it  occurs  more  abundantly  in  the  month 
of  March  than  in  April.  It  is,  according:  to  Kromayer,  identical  with  the 
ligustrin  from  privet  bark.  Syringin  crystallixes  from  alcohol  in  long  colourless 
needles  which  lose  their  water  of  crystallization  at  115°  (239°  F.),  and   then 
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melt  at  212°  {413°  6  F.).  It  is  insoluble  in  ether,  only  sparingly  soluble  in 
cold,  but  readily  in  boiling  water.  When  heated  with  dilute  hydrochloric 
acid,  syringin  is  decomposed,  yielding  a  fermentable  glucose  and  syringenin : 
^Afi:  +  OH,  =  C,3H A  +  ^.^A  Syringenin,  C,3H^,0,.0H,,  is  deposited 
in  flocks  which  cohere  to  a  pale  rose-coloured  amorphous  mass.  It  loses  a 
molecule  of  water  at  100°  (212°  F.),  and  melts  at  170°— 180°  (338°— 356°  F.). 
It  is  insoluble  in  water  and  in  ether,  but  soluble  in  alcohol. 

Tampicin  :  Cg^Hg^O^^. — A  glucoside  resembling  convolvulin,  found  by  Spir- 
gatis  (iV.  Hep.  Pharm.,  xix.  452)  in  Tampico  jalap.  It  is  a  resinous  substance, 
soluble  in  alcohol  and  in  ether,  which  takes  up  3OH2,  and  is  converted  into 
tampicic  acid,  C^Jl^fi^^,  when  treated  with  a  powerful  base.  On  digesting 
tampicin  with  dilute  acids,  it  is  resolved  into  tampicolic  acid,  C^gHg^Og,  and 
glucose  :  Q^Jl^fi^^  +  4OH2  =  C^gHg^Og  4-  S^^^ifi^-  Tampicic  acid  is  amorphous, 
and  easily  soluble  in  water  and  in  alcohol.  Tampicolic  acid  crystallizes  in 
slender  needles,  and  forms  soluble  salts  with  the  alkalies ;  insoluble  salts  with 
the  earths  and  heavy  metals. 

Tannins. — A  number  of  substances  occurring  especially  in  the  bark  of 
plants  and  in  the  husks  of  fruit  and  seeds,  which  are  mostly  amorphous,  of 
astringent  taste,  and  precipitate  albumen  and  gelatin  from  their  solutions,  and 
unite  with  animal  membrane  to  form  leather,  are  included  under  this  designation. 
Two  groups  of  tannins  may  be  distinguished  :  those  which  are  coloured  black 
or  bluish  by  ferric  chloride,  and  those  which  are  coloured  green.  Apparently 
the  former  yield  a  glucose  and  another  substance  when  boiled  with  dilute  acids, 
and  pyrogallol  on  dry  distillation ;  the  latter,  however,  seldom  furnish  a 
glucose,  but  when  submitted  to  the  action  of  potassic  hydrate  frequently  yield 
phloroglucol  besides  protocatechuic  acid,  and  all  furnish  catechol  (pyrocatechin) 
on  dry  distillation.  Each  group  appears  to  contain  a  number  of  bodies  differing 
in  composition,  but  our  knowledge  of  the  majority  ot  the  tannins  is  extremely 
imperfect.  Gallotannin,  the  chief  constituent  of  the  gallnuts  of  Quercits 
infectoria  and  of  other  species  of  oak,  and  of  Chinese  gallnuts,  is  a  colourless 
amorphous  substance,  easily  soluble  in  water,  without  action  on  polarized  light. 
When  boiled  with  dilute  acids,  it  yields  a  dextroglucose  and  gallic  acid, 
OgH2(OH)g.COOH ;  from  Schiff's  experiments  it  is  probable,  however,  that 
gallotannin  is  a  glucoside  of  digallic  acid,  Cj^Hj^^O^  =  2Q>^'Rf>^  —  OH^,  most 
probably  of  the  formula  Cg^H^gO,,,  and  that  it  yields  a  single  molecule  of 
glucose  and  two  of  digallic  acid  when  decomposed,  the  latter  being  further 
resolved  into  gallic  acid.  Commercial  tannin  appears  to  be  a  mixture  in  variable 
proportions,  according  to  the  method  of  manufacture,  of  gallotannin  (the  glucoside) 
and  of  tannic  or  digallic  acid,  and  sometimes  to  consist  entirely  of  the  latter,  as 
when  it  yields  no  glucose  on  boiling  with  an  acid. 

Thujin :  (^^fi^iP-^^- — A  glucoside  occurring  in  small  quantity  in  the  green 
parts  of  Thuja  occidentalis.  It  crystallizes  in  minute,  glistening,  yellow  plates, 
which  are  soluble  in  alcohol.  When  heated  with  dilute  acids,  it  is  decomposed 
into  a  glucose  and  thujetin:  2Q^^YL^P^^  +  4OH2  =  ^^fi^P^^  +  2Q^ll^p^. 
Thujetin  is  almost  insoluble  in  water,  but  soluble  in  alcohol  and  in  ether. 
When  boiled  with  baric  hydrate  solution  it  loses  three  molecules  of  water,  and 
is  converted  into  thujetic  acid,  CggH^gOjg.  This  acid  is  also  obtained  by  boiling 
thujin  with  baric  hydrate  solution  in  an  atmosphere  of  hydrogen  until  a  reddish- 
yellow  precipitate  is  formed :  2Q^Jl^p^^  +  OH,  =  C^gH^^O^g  +  2Qfi^fi^.  Thujetic 
acid  crystallizes  in  lemon-yellow  microscopic  needles,  soluble  in  alcohol,  but 
iiisoluble  in  water. 

When  thujin  is  heated  for  a  short  time  with  hydrochloric  acid  only,  thujigenin, 
^28^24^14'  appears  to  be  formed.     This  compound  may  be  obtained  from  the 
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extract  of  Thuja  by  adding  basic  plumbic  acetate  to  the  filtrate,  after  the  thujin, 
<fec.,  has  been  removed  by  plumbic  acetate.  The  precipitate  is  decomposed  by 
hydric  sulphide,  and  the  clear  solution  evaporated  in  vacuo.  Thiijigenin  forms 
microscopic  needles  soluble  in  alcohol,  but  only  very  slightly  soluble  in  water. 

Turpethin :  Cg^H^gO^g,  a  purgative  resin  extracted  irom  the  root  of  Ipomcea 
turpethum.  It  is  easily  soluble  in  alcohol,  but,  unlike  jalapin,  is  insoluble  in 
ether.  It  melts  at  183°  (36 1°"4  F.),  and  when  boiled  with  dilute  acids  is  resolved 
into  glucose  and  turjpethoUc  acid  :  ^^J^r^fi^^  +  ^OH^  =  C^gHg^O^  +  3^6^i2^6- 
This  acid  may  be  obtained  crystallized  in  colourless  microscopic  needles  which 
melt  at  88°  (i90°'4  F.).  It  is  easily  soluble  in  alcohol,  less  so  in  ether.  The 
sodic  salt,  C^gHg^NaO^,  forms  sharply-defined  rhombic  plates.  Turpetholic  acid 
is  isomeric  with  jalapinolic  acid,  which  is  apparently  homologous  with  con- 
volvulinolic  acid,  the  three  acids  being  members  of  a  series  of  the  composition 
CnHjjjO^,  to  which  glyceric  acid  belongs. 

When  turpethin  is  treated  with  baric  hydrate  solution,  it  takes  up  two  mole- 
cules of  water,  and  is  converted  into  turjpethic  acid,  O^fi^fi^^.  It  is  an  amorphous 
substance,  easily  soluble  in  water. 

Xyloste'in  or  Lonicerin,  a  bitter  glucoside  said  to  exist  in  the  berries  of  the 
fly  honeysuckle,  Lonicera  xylosteum.  The  products  of  its  decomposition  have 
not  yet  been  investigated. 

From  the  foregoing  description  it  will  be  evident  that  our  knowledge  of  the 
glucosides  is  extremely  imperfect :  even  their  exact  composition  being  unknown 
in  many  cases.  In  very  few  instances  has  it  been  ascertained  that  the  glucose 
obtained  from  a  particular  glucoside  is  identical  or  not  with  sucrodextrose ;  and 
it  is  also  at  present  doubtful  whether  those  which  furnish  more  than  a  single 
molecule  of  glucose  are  all  glucosides,  and  not  derived  from  a  saccharon  or  even, 
as  Hlasiwetz  has  suggested  may  be  the  ease  with  some  of  the  tannins,  from  a 
still  higher  carbohydrate  of  the  nature  of  dextrin.  A  knowledge  of  the  exact 
composition  and  constitution  of  the  glucosides  is  now  becoming  of  the  greatest 
importance  in  connexion  with  the  phenomena  of  vegetable  life,  and  it  is  very 
desirable  that  they  should  receive  a  greater  share  of  attention  than  has  hitherto 
been  devoted  to  them  by  chemists  generally. 

§  IV.  The  Thioethers  and  Polysulphides_,  Selenides,  and 
Tellurides. 

(1607)  The  thioethers  are  the  analogues  of  the  metallic  sulphides,  and  bear 
the  same^ relation  to  the  ethers  that  the  thioalcohols  bear  to  the  alcohols,  thus: 

Na^S 
Sodic  sulphide. 

The  following  are  known : 

Thioethers  of  the  (C^H, 

Methylic  sulphide 
Methylic  ethylic  sulphide 
Ethylic  sulphide 
Propylic  sulphide 
Isopropylic  sulphide 
Ethylic  isoamylic  sulphide 
Butylic  sulphide 
Isoprimary  butylic  sulphide 
Secondary  butylic  sulphide 
Isoamylic  sulphide 


(C,H.),S 

Ethylic  sulphide. 

H„  +  ,),S  ««-.>.. 

B.  P.  °  C. 

CH  .S.CH3 

41° 

ch'.s.cji^ 

66° 

(C,H.),S 

91° 

(C,H,),<'S 

i3o°-i35 

(C3H,)/S 

Il6°-I20' 

C,H,S.C.H„ 

158° 

(C.H,)/S 

182° 

(C.H.)/S 

173° 

(C,H,)JS 

165^ 

(C.HJ,S 

216° 
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Thioethers  derived  from  other  Monothioalcohols. 

Allvlic  sulphide  (CgHj^S  140°' 

Phenylic  sulphide  (CgHJ^S  293° 

Benzylic  sulphide  (CgH^.CHj^S  m.p.  49° 

a-Naphthylic  sulphide  (Cj(,Hy)2*S  m.p.  about  100° 

Preparation. — Thioethers  may  be  prepared  by  the  following  methods, 
all  of  which  are  of  more  or  less  general  application. 

1.  By  the  action  of  haloid  derivatives  of  hydrocarbons,  or  of  the  salts  formed 
by  neutralizing  the  acid  ethereal  sulphates  with  an  alkali  or  alkaline-earthy 
carbonate,  on  potassic  or  sodic  sulphide;  for  example  (comp.  footnote,  p.  707): 

2C,H,C1    +    K,S   =    (C,Hg)^S    +    2KCI. 

Ethylic  chloride.  "         Ethylic  sulphide. 

C^H^Br,   +    K,S   =    C^H^S    +    2KBr. 

Ethylenic  bromide,  Ethylenic  sulphide, 

2C,H^,KS0,    +    K,S    =   (C,H^)^S   +    2K^S0,. 

Potassic  ethylic  sulphate.  Ethylic  sulphate. 

The  usual  plan  is  to  digest  a  mixture  of  the  haloid  hydrocarbon  derivative  with 
a  concentrated  aqueous  or  alcoholic  solution  of  the  sulphide ;  or  if  the  sulphate 
be  employed,  to  distil  it  with  a  concentrated  solution  of  the  sulphide.  It  need 
scarcely  be  stated  that  only  certain  of  the  haloid  derivatives  of  hydrocarbons  are 
available  for  the  preparation  of  corresponding  sulphides,  those  derived  from 
hydrocarbons  in  which  the  carbon  atoms  are  regarded  as  entirely  or  partially 
united  in  a  closed  chain  by  the  displacement  of  hydrogen  atoms  attached  to 
carbon  atoms  which  form  part  of  the  closed  chain  being  without  action  on  the 
metallic  sulphides,  whereas  those  in  which  the  halogen  is  contained  in  the  side 
chain,  as  a  rule,  readily  furnish  corresponding  sulphides.  Thus  the  modification 
of  monochlorotoluene  termed  benzylic  chloride,  CgHg,CH„Cl,  at  once  reacts  with 
potassic  and  sodic  sulphide,  whereas  the  chlorotoluenes  of  the  formula  CgH^Cl.CHg 
are  not  in  the  least  afiected  by  these  reagents.  Isomeric  haloid  derivatives  of 
hydrocarbons  in  which  the  carbon  atoms  may  be  regarded  as  forming  an  open 
chain  may  also  act  very  differently ;  thus  of  the  two  dibromethanes  CH^Br.CH^Br 
and  CHg.CHBrg,  only  the  former  is  converted  into  the  corresponding  sulphide 
by  the  action  of  potassic  or  sodic  sulphide. 

2.  The  previous  method  is  available  only  for  the  preparation  of  simple  thio- 
ethers, but  by  the  action  of  the  haloid  derivatives  of  hydrocarbons  on  the 
potassium  and  sodium  and  other  metallic  derivatives  of  the  thioalcohols  both 
mixed  and  simple  thioethers  may  be  obtained ;  thus : 

C,H^.SNa    +   CH3I   =    C^H^.S.CHg    +    Nal. 

Sodic  ethylic  sulphide.  M  ethylic  ethylic  sulphide. 

2C,H^.SNa      +      CHJ,      =      CH^(S.C,Hg)^      +      2NaI. 

Sodic  ethylic  sulphide.   Methylenic  iodide.  Methylenic  ethylic  sulphide. 

SC^H^.SNa      +      CHCI3      =      CH(S.C,H^)3      +      sNaCl. 

Sodic  ethylic  sulphide.        Chloroform,        Thioethylic  orthoformate. 

4C,H^.SNa      +      CCl,      =      C(S.aHj,      +      4^01. 

Sodic  ethylic  sulphide.     Tetrachloro-        Thioethylic  ortho- 
methane,  carbonate. 

The  remarks  above  made  with  regard  to  the  kind  of  haloid  derivatives  available 
for  the  preparation  of  thioethers  are  equally  applicable  in  the  present  case.  The 
formation  of  thioethers,  in  this  manner  is  far  more  easily  effected  than  that  of 
the  ethers  by  the  corresponding  reactions;  it  appears,  moreover,  that  in  the 
formation  of  the  thioethylic  ethers  the  reaction  takes  place  the  less  readily 
between  the  sodic  thioethylate  and  the  haloid  derivative  the  greater  the  number 
3  z  z 
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of  carbon  atoms  in  the  latter :  much  more  heat  being  developed,  and  the  reaction 
taking  place  much  more  readily,  when  methylic  or  ethylic  iodide,  for  example, 
acts  upon  sodic  thioethylate,  than  when  amylic  chloride  is  employed  ;  similarly, 
tetrachloromethane  is  more  readily  converted  into  the  thioether  than  hexa- 
chlorethane,  and  tetrachlorethylene  is  far  less  active  than  either  of  the  former. 
(Claesson,  Jour.  jpr.  Chem.  [2],  xv.  212.) 

3.  A  third  method,  which  is  available  for  the  preparation  of  thioethers 
corresponding  to  the  thiophenols,  as  well  as  of  those  corresponding  to  the  thio- 
carbinols,  consists  in  submitting  the  plumbic  and  other  metallic  derivatives  of 
the  thioalcohols  to  dry  distillation  : 

(f;,H..S),Pb   =    PbS    +    (C.H.),S. 

Plumbic  thiophenate.  Phenylic  sulphide. 

Properties. — The  thioethers  are  mostly  colourless  or  yellow  liquid  bodies, 
insoluble  or  nearly  so  in  water,  but  soluble  in  alcohol,  ether,  &fi.  It  is  usually 
stated  that  they  possess  highly  offensive  odours,  but  this,  in  most  cases,  is  probably 
true  only  of  the  impure  substances. 

On  oxidation  with  nitric  acid  they  are  converted  into  compounds  such  as 
(C2HJ2SO,  (C2H^)S0,,  (CgH.),SO.^,  the  thioethers  derived  from  the  thiocarbinols 
yielding  both  monoxides  [sulphines)  and  dioxides  {sulphones),  whilst  those  derived 
from  the  thiophenols  apparently  furnish  only  compounds  of  the  latter  class. 

The  thioethers  derived  from  the  thiocarbinols  are  also  characterized  by  the 
property  of  uniting  directly  with  the  moniodoparafl&ns  to  form  crystalline  com- 
pounds such  as  (02115)381  =  (02Hg)2S  +  OoHgl.  These  compounds  are  converted 
into  corresponding  hydroxides  or  hydrates  by  the  action  of  argentic  hydroxide  or 
hydrate:  (O2HJ3S.I  + AgOH  =  Agl  +  (02H5)3S.OH  ;  the  bodies  so  produced 
being  in  every  respect  analogous  to  the  metallic  hydroxides  such  as  potassic 
hydroxide.  They  are  very  soluble  in  water,  and  furnish  caustic,  strongly  alkaline 
solutions,  which  absorb  carbonic  anhydride  on  exposure  to  the  air;  they  neutralize 
acids,*  forming  corresponding  salts:  (02H5)3S.OH  +  HNO3  =  (O^H^gS.NOg 
+  OHg ;  they  precipitate  metallic  hydroxides  from  solutions  of  metallic  salts  : 
2(02H^)3S.0H  +  ZnSO^  =  Z^{OB.\  +  [(C,H5)3S],SO^ ;  and  they  furnish  crystalline 
chloroplatinates  :  H^PtCl,  -»-  2(0,Hp3S.OH  =  [(0,H JgSJ.PtOl,  +  2OH,. 

Several  compounds  of  the  thioethers  derived  from  the  thiocarbinols  with 
metallic  salts,  such  as  (02115)28. HgOlg,  have  also  been  obtained. 

(1608)  Ethylic  Sulphide  ov  Thioethylic Ether :  (02115)28. — This  compound 
is  most  conveniently  prepared  by  passing  ethylic  chloride  prepared  by  Groves' 
method  (1176)  into  an  alcoholic  solution  of  potassic  sulphide,  which  is  gently 
heated  in  a  flask  or  retort  attached  to  a  reversed  condenser ;  after  a  time  the 
product  is  distilled  oif,  well  washed  with  water,  dried  over  calcic  chloride  and 
rectified.     The  solution  of  sulphide  is  prepared  by  saturating  one-half  of  a  con- 


*  Thomsen  (Jour.  pr.  Chem.  [2],  xiii.  241)  has  shown  that  on  neutralizing 
aqueous  solutions  of  the  hydroxides  by  hydrochloric  and  sulphuric  acids  almost  as 
much  heat  is  developed  by  the  hydroxide  (02Hg)38.0H  as  by  those  of  the  alkali 
and  alkaline-earthy  metals ;  thus  : 


2HCI. 

H2SO4. 

2Li.0H 

27,700  heat  units 

31,290 

heat  units. 

2Na.0H 

27,490 

jj 

3i'38o 

« 

2K.OH 

27,500 

if* 

31,290 

» 

2TI.OH 

27,520 

a 

3i'T3o 

>» 

Ba(OH), 

27,780 

» 

j> 

Sr(0H)2 

27,630 

»> 

30,710 

>i 

Ca(0H)2 

27,900 

»i 

3i'i40 

)y 

2(CA)3S.0H 

27,440 

*t 

30,700 

» 
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centrated  alcoholic  solution  of  potassic  hydrate  with  sulphuretted  hydrogen,  and 
then  mixing  it  with  the  other  half.  Ethylic  sulphide  may  also  be  prepared  by 
the  aid  of  ethylic  bromide  or  iodide,  or  of  potassic  or  sodic  ethylic  sulphate ;  it 
is  formed  on  adding  sodic  thioethylate  to  a  solution  of  potassic  ethylic  sulphate, 
warming  gently  for  a  short  time,  and  then  distilling ;  and  when  a  solution  of 
potassic  hydrate  and  potassic  ethylic  sulphate  is  mixed  with  thioethylic  alcohol 
and  the  mixture  distilled :  tliis  latter  method  can  be  employed  with  advantage 
for  the  preparation  of  ethylic  sulphide  perfectly  free  from  thioethylic  alcohol 
(Claesson).  * 

The  crude  thioethylic  alcohol  prepared  by  distilling  a  solution  of  potassic 
thiohydrate  with  potassic  or  sodic  ethylic  sulphate  invariably  contains  ethylic 
sulphide ;  when  the  potassic  salt  is  employed,  the  reaction  takes  place  more 
rapidly  and  at  a  lower  temperature,  and  relatively  much  less  sulphide  (about 
lO  per  cent.)  is  produced,  than  when  the  sodic  salt  is  used,  the  latter  furnishing 
about  20  per  cent,  of  sulphide.  If  during  the  distillation,  however,  the  solution 
be  kept  saturated  with  sulphuretted  hydrogen,  the  oil  which  passes  over  contains 
only  about  4  per  cent,  of  sulphide.  The  explanation  of  this  appears  to  be  that 
when  a  solution  of  potassic  thiohydrate  is  heated,  sulphuretted  hydrogen  is  given 
off,  potassic  hydrate  being  produced,  and  thus  the  conditions  necessary  to  the 
formation  of  the  sulphide  are  realized  ;  but  by  passing  in  sulphuretted  hydrogen, 
the  formation  of  potassic  hydrate  is  in  great  measure  prevented,  and  hence  very 
little  sulphide  is  formed  (Claesson). 

Ethylic  sulphide  is  a  colourless,  mobile,  inflammable  liquid,  of  most  unpleasant 
alliaceous  odour  (?),  insoluble  in  water,  but  readily  soluble  in  alcohol  and  ether  ;  it 
boils  at  91°  (i95°-8  F.),  and  at  20°  (68°  F.)  has  the  sp.  gr.  '825.  It  com- 
bines with  mercuric  chloride,  forming  the  compound  (C2Hg)2S.HgCl2,  which 
crystallizes  in  monoclinic  prisms  ,:  platinic  chloride  also  unites  with  it,  forming 
the  compound  2(C2H5)2S.PtCl4.  It  is  violently  acted  upon  by  chlorine,  yielding 
a  series  of  substitution  derivatives  which  have  not  yet  been  sufficiently  examined, 
however.  When  acted  upon  by  nitric  acid  of  sp.  gr.  i'2,  it  is  converted  into  the 
monoxide  (0^115)280,  whereas  the  fuming  acid  converts  it  into  the  dioxide  or 
diethylsulphone,  (C2Hg)2S02.  According  to  E.  H.  Smith  {Jour.  Chem.  Soc, 
xxii.  302),  it  is  converted,  on  treatment  with  concentrated  sulphuric  acid,  into  an 
acid  of  the  composition  C^H^S^Og,  which  yields  crystalline  salts,  such  as  the 
baric  salt  (C2Hg)2S^OgBa ;  the  nature  of  this  acid  has  not  been  ascertained, 
but  it  appears  probable    that  it  is    the    analogue   of   hydric  ethylic  sulphate 


*  From  the  manner  in  which  the  heat  is  developed  on  mixing  dilute  aqueous 
solutions  of  potassic  hydrate  and  of  sulphuretted  hydrogen,  it  appears  that  only 
the  reaction  represented  by  the  equation  KOH  +  H2S  =  KSH  +  OHg  takes  place, 
and  that  the  sulphide  K^S  is  not  produced  even  when  a  considerable  excess  of 
potassic  hydrate  is  employed  (Thomsen) ;  from  this  there  can  be  little  doubt 
that  the  sulphides  K^S  and  NagS  are  decomposed  when  dissolved  in  water  with 
formation  of  sulphydrate  and  hydrate,  the  decomposition  being  more  or  less  complete 
according  to  the  amount  of  water  present.  But  if  this  be  the  case,  the  formation 
of  ethylic  sulphide  is  at  most  only  partially  due  to  the  reaction  K^S  +  2C2HgCl  = 
2KCI  +  (C2Hg)2S  ;  probably  the  greater  part  of  the  sulphide  is  produced,  as 
Claesson  has  suggested  {Jour.  pr.  Chem.  [2],  xv.  218),  by  the  successive 
occurrence  of  the  following  reactions  : 

KSH    +    C2H,C1    =    C^H^.SH    +   KCl. 


C.H, 

.SH 

+ 

KOH 

= 

CA-SK 

+ 

OH, 

C,H, 

.SK 

+ 

C,H,C1 
z 

z 

{C.HJ2S 
2 

+ 

KCl. 
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produced  bv  the  action  of  the  acid  on  the  thioethylic  alcohol  present  as  impurity 
in  the  sulphide  employed  :  C^H.-SH  +  H^SO^  =  C^H^S.SO^.OH  +  OH,.  An 
aqueous  solution  of  potassic  hydrate  is  without  action  on  ethylic  sulphide,  but 
when  it  is  distilled  over  the  solid  hydrate,  it  is  partially  decomposed  with 
formation  of  alcohol  and  potassic  sulphide.  On  gently  warming  a  mixture  of 
ethylic  sulphide  and  ethylic  iodide,  the  two  substances  unite  to  form  a  crystalline 
compound  of  the  formula  (€2115)381 ;  this  compound  and  its  homologues  are 
described  in  section  16 12. 

(1609)  Higher  SuljpUdes  of  Ethyl — Ethylic  Bisulphide:  (C2H,)2S„. — 
This  compound  is  most  readily  obtained  in  the  pure  state  by  the  action  of  iodine 
on  the  thioethylates  :  2C2Hj..SNa  +  I2  =  2NaI  +  (02115)282.  It  is  also  formed 
on  heating  thioethylic  alcohol  with  sulphur  for  about  six  hours  at  150°  (302°  P.)  : 
2C2HJ.SH  +  8  =  (€2115)282  +  8H2;  and  together  with  higher  sulphides  by  distilling 
'  liver  of  sulphur'  with  a  solution  of  potassic  or  sodic  ethylic  sulphate.  It  is  a 
colourless  oil,  of  about  the  sp.  gr.  of  water,  possessing  a  most  unpleasant  odour ; 
it  boils  at  151°  (303°-8  F.).  Like  the  monosulphide,  it  produces  a  precipitate 
in  an  alcoholic  solution  of  mercuric  chloride,  and  in  solutions  of  several  other 
metallic  salts.  When  oxidized  by  nitric  acid,  it  is  converted  into  the  oxide 
(02X15)28202,  which  on  further  oxidation  yields  ethylsulphonic  acid,  O2H5.8O3H. 
Bodies  which  apparently  are  chlorinated  derivatives  of  ethylic  bisulphide  have 
been  obtained  by  Guthrie  by  the  action  of  the  chlorides  of  sulphur  on  ethylene. 

Ethylic  sulphide  is  not  in  the  least  affected  by  heating  with  sulphur,  and  it 
may  therefore  be  freed  from  thioethylic  alcohol  by  this  means,  but  when  the 
disulphide  is  heated  with  sulphur  at  1^0°  (302°  F.),  it  is  converted  into  the 
trisulphide  (Miiller,  Jour.  jpr.  Chem.  [2],  iv.  34),  (021X5)283.  This  compound 
cannot  be  distilled  except  in  a  current  of  steam ;  it  is  a  heavy  yellow  oil,  which 
may  be  deprived  of  the  third  atom  of  sulphur  without  difficulty,  being  slowly 
converted  into  the  disulphide  by  shaking  with  metallic  mercury  or  with  potassic 
hydrate  solution ;  it  is  not  altered,  however,  by  heating  with  thioethylic  alcohol 
at  150°  (302°  F.).  On  oxidation  with  nitric  acid,  it  yields  ethylsulphonic  and 
sulphuric  acids, 

Ethylic  Tetrasuljphide :  (02115)28^,  is  obtained  when  a  solution  of  sulphur 
chloride,  82CI2,  in  carbonic  bisulphide  is  added  to  a  similar  solution  of  sodic 
thioethylate  (Olaesson,  ibid.  [2],  xv.  214).  It  is  a  heavy  yellow  oil,  possessing 
an  extremely  unpleasant,  persistent  odour,  easily  soluble  in  ether,  but  with 
difficulty  in  alcohol.  It  is  .decomposed  into  the  bisulphide  and  sulphur  on  distilla- 
tion alone,  but  when  distilled  with  vapour  of  water,  it  is  in  great  part  split  up 
into  sulphur  and  ethylic  trisulphide.  On  oxidation  with  nitric  acid,  it  yields 
sulphur  and  ethylsulphonic  acid.  It  dissolves  a  considerable  quantity  of  sulphur 
at  150°  (302*^  F.),  and  perhaps  combines  with  it  to  form  a  pentasulphide. 

(16 10)  Somologues  of  Ethylic  Sulphide. — These  compounds  are  obtained 
by  methods  precisely  similar  to  those  employed  in  the  preparation  of  ethylic 
sulphide,  and  they  exhibit  the  closest  resemblance  to  this  latter  compound  in 
their  properties  generally.  The  first  term  of  the  series,  methylic  sulphide, 
(0113)28,  enters  into  reaction  with  other  substances  far  more  readily  than 
the  homologous  compounds.  It  combines  directly  with  bromine  to  form  a 
crystalline  bromide,  (0H3)28Br2,  the  reaction  being  attended  with  the  develop- 
ment of  much  heat;  this  bromide  is  converted  into  the  corresponding  oxide, 
(0113)280,  on  treatment  with  moist  argentic  oxide.  It  also  forms  a  crystalline 
compound  with  hydriodic  acid  when  it  is  saturated  with  the  gas  at  a  low  tem- 
perature ;  the  product  is  decomposed,  however,  into  its  generators  when  mixed 
with  water,  and  when  heated  in  closed  tubes,  it  yields  thiomethylic  alcohol  and 
the  compound  (0113)381.  Oomparatively  little  is  known  of  the  remaining 
thioetherH  of  the  (OnHon  +  1)2^  series,  their  behaviour  on  oxidation  having  been 


l6ll.]  SULPHUR    TRIETHIODIDE.  709 

chiefly  studied  (comp.  Sajtzeff,  Ann.  Ckem.  PAarw?.,  cxxxix.  354 ;  cxliv,  148; 
Claesson,  Jour.  jor.  Chem.  [2],  xv.  174). 

(t6i  i)  Compounds  formed  by  the  Union  of  the  Thioethers  of  the  {C^^^n  +  1)2^ 
Series  with  the  Moniodoparaffins. — The  formation  of  these  compounds  is 
expressed  by  the  general  equation 

Apparently,  this  reaction  takes  place  the  more  readily  the  fewer  the  number  of 
carbon  atoms  contained  both  in  the  thioether  and  in  the  iodide ;  thus  methylic 
sulphide  and  methylic  iodide  at  once  enter  into  reaction  at  the  ordinary  tem- 
perature and  a  considerable  amount  of  heat  is  developed  by  their  union,  but 
ethylic  sulphide  and  ethylic  iodide  only  slowly  combine,  so  that  in  preparing 
the  triethiodide,  S(C2Hg)3l,  it  is  desirable  to  heat  the  mixture  to  about  100° 
(212°  F.).  It  is  not  requisite  that  both  the  thioether  and  iodide  should  contain 
the  same  radicle,  although  there  is  apparently  a  greater  tendency  to  form 
the  compounds  containing  only  similar  radicles,  a  mixture  of  methylic  sulphide 
and  ethylic  iodide  yielding,  for  example,  a  mixture  of  the  triraethiodide, 
8(0113)31,  and  triethiodide,  S(C2Hg)3l  (Dehn).  Similarly,  when  benzylic  sulphide 
is  submitted  to  the  action  of  methylic  iodide,  a  mixture  of  the  trimethiodide 
8(0113)31  and  of  the  benzyldimethiodide  S(0yHy)(CH3)2l  is  produced,  the  forma- 
tion of  which  may  be  accounted  for  in  the  following  manner : — 

2CH3I   +    (C,H,),S   =   (CHJ^S   +    2C,H,I. 

(CH,),S   +   C,H,I   =   S(C,H,)(CH.)J.     (CH,),S    +    CH3I   =   SCCHJ,!. 

Probably,  however,  in  all  these  cases  the  iodide  and  sulphide  unite  directly 
in  the  iSrst  instance,  and  the  compounds  with  similar  radicles  are  formed  by  the 
subsequent  decomposition  of  the  resulting  *  mixed'  derivative. 

The  thioethers  also  unite  with  the  monobromoparafiins,  but  far  less  readily 
than  with  the  moniodoparaffins,  and  as  only  traces  of  the  triethylchloride 
S(C2Hg)3Cl  are  formed  by  prolonged  heating  of  a  mixture  of  ethylic  sulphide  and 
chloride  at  ioo°  (212°  F.),  there  can  be  little  doubt  that  the  chloroparaffins  will 
be  found  to  exhibit  still  less  tendency  to  combine  with  the  thioethers. 

Hitherto  no  attempt  has  been  made  to  prepare  compounds  containing  three 
dissimilar  hydrocarbon  radicles,  and  only  the  methyl  and  ethyl  compounds 
have  been  investigated :  they  have  been  studied  by  Oefele,  to  whom  we  owe  the 
discovery  of  this  property  of  the  thioethers,  Ann.  Chem.  Pharm.,  cxxxii.  82  ; 
Dohn,  ibid.,  Sup.  \\r.  83;  Cahours,  ibid.^  cxxxv.  352;  cxxxvi.  151  ;  Compt. 
Bend.f  Ixxx.  131 7;  SchoUer,  Deut.  chem.  Ges.  JBer.,  vii.  1274;  and  Kriiger, 
Journ.  pr.  Chem.  [2],  xiv.  193. 

Sulphur  Triethiodide :  *S(C2H5)3l,  is  best  prepared  by  heating  a  mixture  of 
ethylic  iodide  and  sulphide  in  molecular  proportions  for  about  an  hour  at 
105° — 110°  (221° — 230°  F.) ;  the  mixture  remains  perfectly  colourless,  and 
after  about  fourteen  days  at  least  half  is  deposited  in  the  form  of  brilliant  white 
crystals  of  the  iodide  (Dehn).  It  is  also  formed  on  heating  thioethylic  alcohol 
with  ethylic  iodide  at  140°  (284°  F.)  for  6 — 7  hours  (Dehn),  or  with  hydriodic 
acid  (Cahours) ;  thioethylic  alcohol  cooled  in  a  refrigerating  mixture  of  ice  and 


*  Oefele  regarded  the  group  8(0311^)3  as  analogous  in  composition  with 
triethylamine,  N(02Hg)3,  and  therefore  named  this  compound  triethysulphine 
iodide,  and  the  term  sulphine  has  since  been  applied  to  all  the  compounds  of 
similar  constitution.  But  the  analogy  is  obviously  incomplete  as  triethylamine 
combines  directly  with  acids,  which  is  not  the  case  with  *  triethylsulphine,'  which 
moreover  cannot  be  isolated.  It  appears  desirable,  therefore,  to  apply  names  to 
these  compounds  similar  to  those  employed  for  the  organo- metallic  compounds. 
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salt  readily  absorbs  dry  hydriodic  acid  gas,  but  without  forming  a  crystalline 
compound:  on  heating  the  saturated  solution  for  twenty-four  hours  at  100° 
(212°  F.),  sulphuretted  h3'^drogen  and  sulphur  triethiodide  are  produced. 

It  crystallizes  in  rhombic  prisms,  and  is  very  soluble  in  water  and  in  warm, 
strong  alcohol,  but  only  with  difficulty  soluble  in  ether;  it  melts  a  little  above 
100°  (212°  F.),  being  entirely  decomposed  into  its  generators.  The  chloride 
S(C2Hg)gCl,  which  may  be  obtained  by  agitating  a  solution  of  the  iodide  with  freshly 
precipitated  argentic  chloride,  crystallizes  in  long  white  glistening  needles.  It 
forms  with  mercuric  chloride  a  double  chloride,  8(02115)301,  4HgCl2,  which  crys- 
tallizes in  glistening  needles  or  plates.  The  platinochloride,  Pt[S(CjHg)j2Clg, 
crystallizes  on  slow  evaporation  of  a  moderately  concentrated  solution  in  magni- 
ficent garnet-red  monoclinic  prisms.  The  hydroxide,  S(02Hg)3.0H,  which  is 
obtained  by  treating  a  solution  of  the  chloride,  bromide,  or  iodide  with  a  slight 
excess  of  argentic  hydroxide  and  evaporating  in  vacuo,  forms  deliquescent  crystals 
which  attack  the  skin  like  potassic  hydrate ;  it  expels  ammonia  from  its  salts  on 
warming,  and  precipitates  the  solutions  of  various  metallic  salts  ;  by  neutralizing 
it  with  various  acids,  salts  such  as  the  nitrate,  S(C2Hg)3.N03,  and  sulphate 
[S(02H.)3]2SO^,  are  produced,  and  may  be  obtained  in  crystals  by  carefully  con- 
centrating the  solutions. 

Sulphur  Trimethiodide :  8(0113)31,  and  the  various  compounds  formed  from 
it  by  displacing  the  iodine  by  other  negative  radicles,  exhibit  the  closest  resem- 
blance to  the  corresponding  triethyl  compounds. 

Sulphur  Diethmethiodide :  8(02Hg)2(CH3)I. — This  compound  may  be 
obtained  by  combining  ethylic  sulphide  with  methylic  iodide,  or  methylic  ethylic 
sulphide  with  ethylic  iodide,  the  combination  being  effected  by  heating  the 
mixture  of  thioether  and  iodide  to  which  a  little  water  has  been  added  on  the 
water  bath  in  a  flask  attached  to  a  reversed  condenser  until  the  whole  forms  a 
homogeneous  reddish- brown  liquid.  Unless  water  is  added,  the  combination  does 
not  appear  to  take  place  under  the  ordinary  pressure ;  and  if  a  mixture  of  ethylic 
sulphide  and  iodide  in  molecular  proportions  is  heated  in  a  sealed  tube  at  120° 
(248°  F.)  for  several  days,  a  mixture  of  sulphur  trimethiodide  and  triethiodide 
is  obtained.  According  to  Kriiger,  however,  the  two  products  obtained  from 
ethylic  and  methylic  ethylic  sulphide  respectively  are  not  identical,  but  isomeric  : 
Sulphur  diethmethiodide,  as  the  compound  formed  from  ethylic  sulphide  and 
methylic  iodide  may  be  termed,  and  all  the  simple  salts  formed  from  it  by  dis- 
placing the  iodine  by  negative  radicles,  being  so  extremely  soluble  and  deliquescent 
as  to  be  uncrystallizable,  whereas  the  ethmethethiodide  crystallizes  in  long 
extremely  deliquescent  needles,  and  furnishes  a  series  of  double  salts  which  are 
throughout  deeper  in  colour  than  those  of  the  same  composition  derived  from 
the  diethmethiodide  and  also  crystallize  differently  and  exhibit  lower  melting  points, 
as  will  be  evident  from  the  following  descriptions ;  moreover,  the  diethmethylchlo- 
ride^combines  with  six  molecules  of  mercuric  chloride,  whereas  the  ethmethethyl- 
chloride  combines  with  only  two  molecules  of  this  salt  :* 

Diethylmethyl  Compounds. 

Platinochloride:  mCfi^J^OYl^']^iC\,  crystallizes  in  forms  of  the 
regular  system,  and  melts  at  214°  (4 17°' 2  F.)  ;  the  crystals,  which  are  of  a 
light-red  colour,  are  reduced  to  a  yellow  powder  when  dried  over  calcic  chloride. 

Aurichloride :  \^[O^XiGRy\A.xyC\. — Long  pale-yellow  needles,  melting 
at  192°  (377°-6  F.). 


*  From  this  it  would  appear  that  the  several  *  units  of  affinity'  of  sulphur 
are  not  of  the  same  value.  The  discussion  of  this  question  may,  however,  con- 
veniently be  postponed  for  consideration  later  on  (see  hydroxamines). 
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Hydrargyrochloride :  ^{C^ILg)^{Cli^)C\.6ILgC\^. — Hexagonal  plates,  which 
melt  at  i9o°(388°'4  F.). 

Sydrargyrocyaniodide :  S(C2Hg)2(CH3)HgCNl2. — Pale-yellow  tetragonal 
crystals,  which  melt  at  115°  (239°  ¥.). 

Ethylmethylethyl  Compounds. 

Platinochloride :  [S{C^IL^)J^C'H.^)']^tC\^. — Dark-red  monoclinic  prisms, 
which  become  rose-red  on  drying,  and  then  melt  at  186°  (366°'8  F.);  by  long 
continued  digestion  of  its  aqueous  solution  it  may  be  converted  into  the  isomeride 
of  higher  melting  point,  but  the  reverse  change  has  not  been  effected. 

Aurichloride :  [8(0211^)2(0113)]  A.uCl^. — Always  separates  from  solution  as  a 
sulphur-yellow  microcrystalline  powder,  and  melts  at  178°  (2  52°.4  F.). 

Hydrargyrochloride :  S(C2H5)2{0H3)C1.2HgCl2. — Rhombic  plates,  melting 
at  112°  (233°-6  F.). 

Sydrargyrocyaniodide :  S(C2H5)2(0H3)HgCNl2. — Amber-yellow  monoclinic 
prisms,  which  melt  at  98°  (2o8°'4  F.). 

It  is  a  curious  fact  that  mercuric  sulphide  always  separates  as  the  black  modi- 
fication on  decomposing  the  hydrargyrochlorides  by  sulphuretted  hydrogen, 
whereas  the  double  salts  formed  with  the  aid  of  mercuric  cyanide  furnish  the  red 
sulphide. 

(16 1 2)  Compounds  fovTiied  hy  the  Union  of  the  Thioethers  with  Dihaloid 
Paraffin  Derivatives. — According  to  Dehn,  when  a  mixture  of  ethylic  sulphide 
and  ethylenic  bromide  in  molecular  proportions  with  one-half  to  its  own  volume 
of  water  is  heated  in  sealed  tubes  at  125° — 130°  (257°— 266°  F.),  ethylic 
bromide  and  diethylenic  disulphide  are  produced,  together  with  sulphur  triethyl- 
bromide,  and  a  compound  which  he  represents  by  the  formula  ^{^fi^i^^^fi^-i,^ 
but  which  is  more  probably  a  compound  of  the  formula  S(02H^Br)(02H5)2Br ;  a 
resinous  product  is  also  formed,  and  the  aqueous  solution  appears  to  contain  other 
substances  besides  those  mentioned.  Cahours  states  that  by  heating  a  mixture 
of  I  vol.  ethylenic  bromide  and  2  vols,  methylic  sulphide  at  100°  (212°  F.),  a 
crystalline  compound  is  gradually  formed,  having  the  formula  OgHjgBr2S2  = 
(?)  C2H^[S(0H3)2Br]2 ;  and  that  monobromethylenic  bromide  yields  the  com- 
pound C,H2,Br3S3  =  (?)  C2H3[S(0H3)2Br],. 

(16 1 3)  Allylic  Sulphide  :  (C3Hj)2^- — ^^^^  compound  is  the  chief  constituent 
of  the  oils  of  garlic  and  onion,  although  apparently  it  is  not  usually  present  as 
such  in  the  plants,  but  is  formed  during  the  distillation  from  some  more  complex 
substance ;  it  is  also  obtained  mixed  with  the  thiocyanate  from  a  number  of 
plants  which  yield  sulphur-containing  oils,  such  as  Thlaspi  arvense,  Erysimum 
aliaria,  &c.  It  may  be  prepared  artificially  by  the  action  of  allylic  bromide  or 
iodide  on  a  solution  of  potassic  sulphide. 

Allylic  sulphide  is  a  colourless  oil,  of  sharp,  unpleasant  odour,  lighter  than 
water,  in  which  it  is  only  slightly  soluble;  it  boils  at  140°  (284° F.).  It 
combines  with  argentic  nitrate  when  mixed  with  an  alcoholic  solution  of  this 
salt ;  a  precipitate  being  obtained  which  when  re-crystallized  from  hot  water  forms 
white  needles  of  the  composition  (C3H  Jg^-  2  AgNO^.  It  also  yields  precipitates  with 
other  metallic  salts,  but  the  compounds  produced  have  been  very  insufficiently 
examined.  It  appears  to  combine  with  the  iodoparaffins,  and  on  carefully  mixing 
it  with  bromine  in  presence  of  ether,  colourless  needles,  probably  of  the  compo- 
sition (03HgBr2)2S,  are  obtained. 

(16 14)  Phenylic  Sulphides. — Phenylic  sulphid|^  (CgHJjjS,  may  be 
obtained  by  the  destructive  distillation  of  the  metallic  derivatives  of  thio- 
phenol,  or  of  sodic  benzenesulphonate,  CgHg.SOgNa  (Stenhouse,  i2.  Soc.  Proc. 
xiv.  353  ;  xvii.  62),  and  by  the  decomposition  by  heat  of  the  thiophosphate& 
formed  by  the  action  of  the  sulphides  of  phosphorus  on  phenol  (Kekule). 
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It  is  a  nearly  colourless  oil  of  aromatic,  slightly  alliaceous  odour,  insoluble  in 
water,  but  very  soluble  in  hot  alcohol,  ether,  benzene,  and  carbonic  bisulphide ; 
it  boils  at  292°  (557°"6  F.).  Its  alcoholic  solution  is  not  precipitated  by  argentic 
nitrate  or  mercuric  chloride ;  it  is  also  incapable  of  combining  with  the  iodo- 
paraffins.  When  oxidized  by  concentrated  nitric  acid  or  chromic  acid  mixture,  it 
is  converted  into  diphenylsulphone  or  sulphobenzid,  (CgH5)2S02.  It  is  dissolved  by 
warm  concentrated  sulphuric  acid,  being  apparently  converted  into  an  acid  of  the 
formula  C^H^S^Og  (Stenhouse). 

Thenylic  Disuljphide  :  (0^11^)282,  which  may  be  prepared  from  thiophenol  in 
a  variety  of  ways  (1580),  crystallizes  in  long  white  shining  needles  or  well- 
developed  prisms,  which  melt  at  60°  (140°  F.)  ;  by  the  action  of  nascent 
hydrogen  it  is  converted  into  thiophenol,  and  on  oxidation  yields  ben^enesulphonic 
acid.  It  combines  with  bromine  forming  the  compound  (CgHg)2S2Br2,  which 
crystallizes  in  nacreous  laminae.     No  higher- sulphides  of  phenyl  are  known. 

(16 1 5)  Phenylenic  Sulphides. — On  passing  phenylic  sulphide  through 
a  red-hot  tube,  it  is  converted  by  the  withdrawal  of  two  atoms  of  hydrogen  into 
di'phenylenic  sulphide,  Q^^^  (Stenhouse,  op.  cit.,  xviii.  542  ;  Grsebe,  Deut. 
chem.  Ges.  Ber.,  vii.  50).  This  compoimd  crystallizes  from  alcohol  in  small 
needles,  which  melt  at  94°  (201*2  F. ;  Stenhouse)  (97°  or  2o6°'6  F. ;  Grsebe) ; 
on  oxidation,  it  is  converted  into  diphenylenesulphone,  C^gH^SOj. 

Diphenylenic  Disulphide  :  C^^^^^,  which  is  also  a  product  of  the  decom- 
position by  heat  of  sodic  benzenesulphonate  and  of  the  thiophosphates  formed  on 
treating  phenol  with  phosphoric  pentasulphide  (Stenhouse,  Grsebe),  crystallizes 
in  long  lustrous  prisms,  which  melt  at  159°  (3i8°'2  F. ;  S.)  (153°  or  307°'4 
F. ;  G.) ;  it  dissolves  in  warm  concentrated  sulphuric  acid,  forming  a  solution  of 
a  magnificent  purple  colour,  from  which  water  precipitates  the  apparently  un- 
altered sulphide.  The  relation  of  the  two  phenylene  sulphides  to  phenylic  sulphide 
is  probably  indicated  by  the  following  formulae  : 
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Diphenylie  sulphide.      Dipheuyleuic  sulphide.     Diphenylenic  disulphide. 

(16 1 6)  Benzylic  Sulphide  :  (0^11^.0112)28.  This  compound  is  prepared 
by  the  action  of  benzylic  chloride  on  an  alcoholic  solution  of  potassic  sulphide. 
It  crystallizes  in  white  needles,  which  melt  at  49°  (i20°"2  F.) ;  on  distillation 
it  is  decomposed  with  formation  of  sulphuretted  hydrogen,  toluene,  stilbene,  and 
other  products.  Nitric  acid  of  sp.  gr.  i  -3  converts  it  into  the  oxide  (0^11^)280, 
which  on  further  oxidation  yields  benzoic  acid.  Its  behaviour  on  heating  with 
methylic  iodide  has  already  been  described. 

(16 1 7)  Ethylenic  Sulphide:  02H^S. — By  the  action  of  a-dibromethane  or 
ethylenic  bromide  on  an  alcoholic  solution  of  potassic  sulphide,  a  white  amorphous 
substance  of  the  composition  OjH^S  is  produced;  on  heating  this  substance 
either  alone  or  with  carbonic  bisulphide  in  sealed  tubes  at  160° — 170°  (320° — 
338°  F.)  for  several  days,  it  is  converted  into  a  crystalline  body  of  the  same 
empirical  composition  but  having  a  vapour  density  corresponding  to  the  formula 
(0311^)282  (Husemann,  Ann.  Chem.  Pharm.,  cxxvi.  280).  The  same 
substance  is  produced  on  heating  ethylenic  thiocarbonate,  or  the  mercury 
derivative  of  thioglycol,  with  ethylenic  bromide  at  150°  (302°  F.).  Diethylenic 
disulphide  readily  dissolves  in  hot  alcohol,  ether,  and  carbonic  bisulphide, 
crystallizing  from  alcohol  in  needles  and  laminae,  and  from  ether  in  thick 
monoclinic  prisms;  it  melts  at  1 1 2°  (233°'6  F.),  and  boils  at  about  200°  (392°  F.). 
Its  alcoholic  solution  yields  crystalline  precipitates  with  auric,  mercuric,  and 
platinic  chlorides,  and  with  argentic  nitrate;  and  by  adding  bromine  to  its 
solution  in  carbonic  bisulphide,  the  compound  (C2Hj2SjBr^  is  obtained  as  a 
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lemon-yellow  amorphous  precipitate  which  is  decomposed  by  water  into  hydro- 
bromic  acid  and  the  oxysulphide  (0211^)28202.  Corresponding  compounds  may 
be  formed  containing  chlorine  or  iodine.  The  same  oxysulphide  is  produced  on 
oxidizing  the  sulphide  with  nitric  acid. 

On  treatment  with  potassic  sulphide  methylenic  iodide  and  propylenic  bromide 
are  also  converted  into  amorphous  sulphides,  which  like  the  ethylenic  compound 
is  nearly  insoluble  in  all  neutral  solvents  ;  the  methylenic  compound  is  converted 
into  a  crystalline  modification  at  about  150°  (302°  F.),  but  the  propylenic 
sulphide  is  decomposed  when  heated  (Husemann). 

( 1 6 1 8)  Selenium  Ethees  —  Methylic  Selenide :  {CH3)2S. — To  prepare  this 
compound,  phosphoric  pentaselenide  is  added  to  a  concentrated  solution  of 
sodic  hydrate  and  potassic  methylic  sulphate,  and  the  mixture  distilled  ;  by  the 
action  of  the  sodic  hydrate  on  the  pentaselenide,  sodic  selenide  is  produced, 
which  then  acts  upon  the  potassic  methylic  sulphate.  The  product  is  purified 
by  fractional  distillation.  It  is  a  colourless,  highly  refractive,  inflammable 
liquid,  of  extremely  unpleasant  odour  (due  probably  to  the  diselenide),  boiling 
at  58°  (i36°'4F.);  it  is  not  miscible  with  water,  but  dissolves  readily  in 
alcohol  and  ether.  If  it  be  dissolved  in  nitric  acid,  and  the  solution  be 
then  evaporated  on  the  water-bath,  a  crystalline  residue  of  the  nitrate 
(?)  (CH3)2Se(OH).N03  is  obtained  ;  on  adding  the  haloid  acids  to  solutions  of  the 
nitrate,  crystalline  precipitates  of  the  chloride,  (CHjj)2SeCl2,  and  of  the  corresponding 
bromide  and  iodide  are  produced  (Jackson,  Ann.  Chem.  Pharm.,  clxxix.  i). 

Mthylic  Selenide:  (€211^)28^ — This  compound  is  produced  together  with  the 
diselenide  by  the  method  above  described,  substituting  potassic  ethylic  sulphate 
in  place  of  potassic  methylic  sulphate  j  the  two  substances  are  separated  by 
fractional  distillation  (Rathke,  ibid.,  clii.  210).  It  is  a  colourless  liquid, 
resembling  ethylic  sulphide  in  odour,  the  intensely  unpleasant  smell  usually 
ascribed  to  it  being  due  to  the  diselenide;  it  boils  at  108°  (226°'4  F.).  The 
diselenide,  {^Q>^^^q^,  is  a  yellow  liquid,  and  boils  at  186°  (366°-8  F.). 
Ethylic  selenide  dissolves  in  nitric  acid,  forming  the  nitrate  (C2Hg)2Se(NOg)2, 
from  which  the  corresponding  chloride,  bromide,  and  iodide  may  be  obtained 
by  the  addition  of  the  haloid  acids  to  the  solution.  According  to  Rathke,  it  is 
not  possible  to  prepare  a  selenium  tetrethide  from  the  dichloride  by  the  action 
of  zincio  ethide,  the  reaction  taking  place  in  accordance  with  the  equation : 

2(C2Hj2SeCl,    +    ZnCC^H,),    =    2Se(C2H^)3Cl.ZnCl,. 

According  to  Cahours,  methylic  and  ethylic  selenides  combine  directly  with 
the  iodoparaffins,  forming  compounds  analogous  to  those  obtained  in  a  similar 
manner  from  the  thioethers. 

Whereas  sulphur  is  finally  oxidized  to  sulphuric  acid  by  the  action  of  nitric 
acid,  selenium  under  similar  conditions  is  converted  only  into  selenious  acid ;  in 
like  manner,  methylic  and  ethylic  diselenides  furnish  the  selenious  compounds 
CHg.Se02H  and  C2Hg.Se02H  on  oxidation  with  nitric  acid.  These  acids  form 
crystalline  compounds  with  hydrochloric  acid,  such  as  CHg.SeO2H.HCl  = 
?  CHg.Se(0H)2Cl,  which  may  be  obtained  by  dissolving  the  selenides  in  nitric 
acid,  and  then  adding  hydrochloric  acid;  these  compounds  are  reduced  by 
sul2)hurous  acid,  furnishing  the  pure  diselenide. 

Benzylie  Selenide :  (CgHg.CH2)2Se,  prepared  in  the  same  manner  as  the 
methyl  compound,  crystallizes  in  long  white  needles  or  monoclinic  prisms,  which 
melt  at  45°*5  (it3°'9  F.).  It  furnishes  a  crystalline  nitrate  and  chloride,  and 
an  amorphous  platinochloride,  [(CyHy)2Se]2PtCl^  ;  these  compounds  are  all 
extremely  unstable,  however,  and  decompose  in  the  manner  represented  by  the 
equation  {C^H^)peQ\^  =  2CyHyCl  +  Se,  and  not,  as  the  ethyl  and  methyl 
compounds,  into  their  generators  :  (CH3)2SeBr3  =  (CH3)2Se  +  Br^. 
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BenzylicDiselenide :  (CyHj.^^Se^,  obtained  by  heating  benzylic  chloride  with 
alcohol  and  the  sodic  selenide  obtained  by  reducing  sodic  selenite  with  charcoal, 
forms  yellowish  scales,  which  melt  at  (^o"  (194°  F.)  ;  on  oxidation  by  nitric 
acid  it  is  converted  into  henzylselenious  acid,  CyHySeO.OH,  which  crystallizes 
in  white  needles,  melting  at  85°  (185°  F.).  When  digested  with  methylic 
iodide,  it  yields  benzylic  iodide,  selenium  trimethiodide,  and  selenium  dimeth- 
benzyl  triiodide  (Jackson) : 

(C,H,),Se,   -f    5CH3I   =    C,H,I  +    (CH3)3SeI  +   C,H,.Se(CH3)j3. 

(16 1 9)  Tellueium  Ethees. — Methylic  and  ethylic  telluride  are  obtained  by 
distilling  potassic  telluride  with  concentrated  solutions  of  methylic  and  ethylic 
potassic  sulphate.  Methylic  telluride,  (CHJ^Te,  is  a  pale  yellow  liquid,  of 
intensely  disagreeable  odour,  which  boils  at  about  82°  (i79°'6  F.) ;  it  oxidizes 
when  exposed  to  the  air,  forming  the  compound  (CH3)2TeO.  The  aqueous 
solution  of  this  oxide  is  strongly  alkaline  to  test-paper,  and  absorbs  carbonic 
anhydride  from  the  air ;  it  displaces  ammonia  from  ammonium  salts,  and  forms 
a  blue  precipitate  with  cupric  sulphate.  Methylic  telluride  is  violently  acted 
upon  by  nitric  acid ;  by  carefully  concentrating  the  solution,  the  nitrate 
(CH3)2Te(OH)N03  may  be  obtained  in  crystals.  The  aqueous  solution  of  this 
salt  yields  colourless  precipitates  of  the  chloride,  (CH3)2TeCl2,  and  bromide 
(CH3)2TeBr2,  when  mixed  with  hydrochloric  and  hydrobromic  acid,  and  when 
mixed  with  hydriodic  acid,  a  yellow  precipitate  of  the  iodide,  (CH3)2Tel2,  which 
readily  becomes  vermilion-red. 

Methylic  and  ethylic  telluride  combine  readily  with  methylic  and  ethylic 
iodides  forming  compounds  analogous  to  those  obtained  from  the  thioethers; 
the  platinochlorides  of  the  corresponding  sulphur  and  tellurium  compounds  being 
isomorphous  (Cahours). 


CHAPTER   VIII. 

THE    ALDEHYDES. 


§  I.  The  Aldehydes  of  the  CJI^^j^^^COH  or  acetic  series; — 
§  II.  The  Aldehydes  of  the  C^H^n-i-COH  or  acrylic  series; — 
§  III.  The  Aldehydes  of  the  C^H2^_^.C0H  or  benzoic  series ; — 
§  IV.  Monaldehydes  of  other  series ; — §  V,  Dialdehydes, 

(1620)  The  term  aldehyde,  which  is  an  abbreviation  of 
alcohol  dehydrogenatum,  was  originally  assigned  by  Liebig  to  the 
compound  CgH^O,  which  in  1835  he  discovered  was  the  first 
product  of  the  oxidation  of  ordinary  alcohol,  in  allusion  to  its 
formation  from  this  latter  body  by  the  mere  withdrawal  of 
hydrogen.  It  is  now  applied  to  all  compounds  derived  in  a 
similar  manner  from  primary  carbinols ;  or,  stated  more  generally, 
to  all  compounds  containing  the  group  COH  (formyl),  as  from 
the  manner  in  which  aldehyde  is  formed  from  alcohol,  and  from 
its  reactions,  there  can  be  no  doubt  that  the  CH^.OH  group  of 
the  alcohol  is  alone  affected  and  converted  by  the  withdrawal  of 
two  atoms  of  hydrogen  into   the  group  COH.     The  manner  in 
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which  this  withdrawal  of  hydrogen  is  probably  effected  has  been 
discussed  on  p.  418,  where  it  is  pointed  out  that  the  alcohol  is 
first  transformed  by  the  displacement  of  one  of  the  atoms  of 
hydrogen  in  the  CH2.OH  group  by  OH  into  the  dihydric  alcohol 
or  aldehydrol  (p.  504),  which,  losing  the  elements  of  a  molecule 
of  water,  is  converted  into  the  aldehyde ;  thus  : 

CH3.CH2.OH    +    (O  +   OH2)   =  CH3.CH(OH)2   +  OHgj 

Ethylic  alcohol.  Ethaldehydrol. 

CH3.CH(OH)2  =  CH3.COH   +  OHg. 

Ethaldehydrol.  Ethaldehyde. 

The  general  equation  for  the  formation  of  aldehydes  from  the 
corresponding  primary  carbinols  may  therefore  be  written  as 
follows  : 

R"(CH,.OH)„  +   n(0  +  OH,)   =   R''[CH(OH),]„   +    nOH,; 
E°[CH(0H)2L  =   R"'(COH)„  +   nOH,. 

where  R^  denotes  a  radicle  which  is  n-valent.  Hitherto,  how- 
ever, only  aldehydes  containing  one  and  two  COH  groups  have 
been  prepared,  and  our  knowledge  of  the  latter  [dialdehydes)  is 
still  very  imperfect,  chiefly  the  monaldehydes  derived  from  the 
primary  carbinols  of  the  CnHgn+j.OH  and  CjiH2n_7.0H  series 
having  been  investigated.  It  is  scarcely  necessary  to  state  that 
according  to  the  above  definition  the  secondary  and  tertiary 
carbinols  and  phenols  cannot  furnish  aldehydes  containing  the 
same  number  of  carbon  atoms  as  themselves,  and  that  the  only 
way,  in  fact,  in  which  they  may  be  converted  into  aldehydes  is 
by  displacing  hydrogen  in  them  by  the  group  COH. 

{1611)  Formation  of  the  Aldehydes. — i.  By  the  oxidation  of 
the  primary  carbinols,  which  is  usually  efifected  by  means  of  a 
mixture  of  potassic  dichromate,  water  and  sulphuric  acid  about  in 
the  proportions  Kflvjdrj  :  4H2SO4,  and  in  some  cases  by  dilute 
nitric  acid  ;  for  example  : 

CgH5.CH2.OH    +    (O  +  OH2)    =   CgHj.COH   4-    3OH2. 

Benzylic  alcohol.  Benzoic  aldehyde. 

CHg.OH.CHg.OH   +    ^(O  +  OHg)   =   COH.COH    4-  4OH2. 

Ethylenic  alcohol.  Oxalic  aldehyde. 

2.  By  distilling  an  intimate  mixture  of  the  calcic,  potassic, 
or  sodic  salt  of  formic  acid  and  of  the  acid  the  aldehyde  cor- 
responding to  which  it  is  desired  to  prepare,  whereby  the  OH 
of  the  CO. OH  group  of  the  acid  becomes  displaced  by  H,  thus  : 

R'.COONa   4-   H.COONa  =  R'.COH    4-   C0(0Na)2. 

Sodic  salt  of  acid.  Sodic  formate.  Aldehyde.  Sodic  carbonate. 

CHg.COONa   4-   H.COONa  =   CH3.COH    4-    Na^COg. 

Sodic  acetate.  Ethaidebyde.  , 
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This    method    has    been    applied    only    to   the   preparation    of 
monaldehydes. 

3.  By  the  action  of  nascent  hydrogen  on  the  acid  chlorides. 
For  example^  on  passing  hydrogen  and  benzoic  chloride  vaponr 
over  heated  finely  divided  palladium,  benzaldehyde  is  obtained : 

CgH^.COCl   +    Hg   =   CgHg.COH   +   HCl. 
Similarly,  when   phthalic   chloride   is  dissolved   in  glacial  acetic 
acid   and  magnesium  is   added,  or  when  it  is  digested  with  zinc 
and  hydrochloric  acid,  phthaldehyde  is  formed : 

CgH,(C0Cl)2  4-  4H  =  C,H,(C0H)2  +  2HCI. 
The  same  aldehyde  is  obtained  more  readily  by  the  action  of 
hydriodic  acid  gas  in  presence  of  phosphorus  on  phthalic  chloride 
dissolved  in  carbonic  bisulphide,  but  this  method  does  not  appear 
to  be  of  general  application  (Baeyer).  The  reaction  probably 
takes  place  in  two  stages  : 

CgH,(COCl)3    +    2HI   =  CjH,(COI)j   +    2HCI; 
C,H,(COI),   +    aHI  =   C,H,(COH),   +   I,. 
The  presence  of  phosphorus  has  the  eflPect  of  at  once  withdrawing 
the  iodine  from  the  sphere  of  action  as  it  is  produced. 

4.  By  heating  the  chlorinated  derivatives  of  the  hydrocarbons 
of  the   benzene   series   of  the    formula   CgHg_jjj(C^H2nCl)m  with 
plumbic  nitrate  and  water.      This  method  has  been  applied  to  the 
preparation  of  benzoic  and  terephthalic  aldehydes  . 
CflX^Rfi\\  +  Pb(NOj,  +  OH,  ^  C,H^(COH),  +  PbCl,  +  2HN0,+  OH,. 

Paraxylylio  chloride.  Terephthalaldehyde. 

5.  By  treating  chlorinated  derivatives  such  as  the  dichloro- 
toluene  CgHg.CHClg  with  concentrated  sulphuric  acid,  and  then 
distilling  with  water ;  only  benzaldehyde  has  been  prepared  by 
this  method,  however : 

CgH^.CHClg   +    ^zHgSO^  =   CgHg.CHCHSO,)^   +    2HCI; 
CgH,.CH(HS0J3  +    2OH2   =   CgH5.CH(OH)2    +    ^H^SO^; 
CgH,.CH(0H)2   =    CgH,.COH   +   OH^. 

'6.  By  the  action  of  trichloromethane  (chloroform)  in  presence 
of  sodic  or  potassic  hydrate  on  the  phenols  (Reimer) ;  the  reaction 
in  the  case  of  phenol,  which  furnishes  a  mixture  of  the  isomeric 
orth-  and  paroxybenzoic  aldehydes,  may  be  expressed  by  the 
equations  : 

CgH5.0Na+3NaOH+CHCl3  =  CgH4(ONa).CH(OH)2+3NaCl+OH2; 
CgH,(0Na).CH(0H)2  =   CgH,(ONa).COH   +   OH^. 

(1622).  General  properties  of  the  Aldehydes. — i.  If  pure,  the 
aldehydes  may  apparently  be  preserved  unchanged  for  any  length 
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of  time,  but  the  presence  of  the  merest  trace  of  impurity  often 
suffices  to  induce  their  gradual  alteration.  In  some  cases,  the 
aldehyde  undergoes  polymerization,  that  is  to  say,  is  converted 
into  a  compound  or  compounds  of  the  same  percentage  com- 
position but  of  higher  molecular  weight;  and  in  others  it  undergoes 
condensation,  two  or  more  molecules  uniting  with  simultaneous 
elimination  of  the  elements  of  one  or  more  molecules  of  water. 
Thus,  if  ethaldehyde,  CgH^O,  be  mixed  with  a  very  small  quantity 
of  hydrochloric,  sulphurous,  or  sulphuric  acid,  or  of  zincic 
chloride  and  of  many  other  salts,  the  mixture  soon  becomes 
heated  spontaneously,  and  the  aldehyde  is  almost  entirely  con- 
verted into  a  liquid  polymeride  [par ethaldehyde)  of  the  composition 
CgH^2^3 ;  but  if  the  mixture  be  kept  carefully  cooled,  after  some 
time  white  needles  of  another  polymeride  {metethaldehyde)  of 
unknown  molecular  weight  separate  from  the  liquid.  On  the 
other  hand,  if  aldehyde  be  heated  with  a  small  quantity  of 
aqueous  hydrochloric  acid  in  closed  vessels  at  ioo°  (212°  F.) 
during  several  hours,  it  is  in  part  converted  into  crotonic  aldehyde, 
C,HgO  =  2C2H,0-OH,. 

The  change  appears  in  both  cases  to  be  due  to  an  alteration  in  the  composition 
of  the  (COH)'  group,  which,  entering  into  combination  with  the  agent  effecting 

+  - 
the  change — which  may  be  represented  by  the  general  formula  XY,  X  being  the 

+  - 
positive  and  Y  the  negative  radicle — assumes  the  form  (CH.OX.Y)' :  several 
molecules  of  the  compound  thus  generated  then  either  enter  into  reaction  with 
one  another  and,  in  consequence  of  the  separation  of  X  from  one  molecule  in 
combination  with  Y  from  another  molecule,  form  a  more  complex  molecule  of 
the  same  percentage  composition,  i.e.  polymerization  takes  place ;  or  X  and  Y 
separate  in  combination  with  hydrogen  from  a  molecule  of  unaltered  aldehyde, 
the  hydrogen  being  withdrawn  from  the  radicle  associated  with  the  COH  group, 
in  which  case  condensation  occurs ;  if  X  and  Y  from  the  same  molecule  recombiue, 
the  aldehyde  is  reproduced.  The  formation  of  parethaldehyde,  for  example,  may  be 
represented  in  the  following  manner,  it  being  supposed  that  the  three  atoms  of 
chlorine  marked  a,  b,  c  respectively  of  the  three  molecules  of  the  compound 
CH3.CHCI.OH,  formed  by  the  union  of  the  aldehyde  with  hydrochloric  acid, 
separate  in  combination  with  the  three  atoms  of  hydrogen  marked  a,  b,  c,  so  that 
the  residue  of  molecule  a  unites  with  that  of  /3,  the  residue  of  molecule  ^  with 
that  of  y,  and  the  residue  of  y  with  that  of  a : 

CH3.COH    +    HCl   =    CH3.CHCI.OH; 

Ethaldehyde. 

a.  CH,.CHC1.0H  CK.CH 0 CH.CH„ 


b      a  \ 

^.  CH3.CHCI.OH     =     3HCI    +  0 


e     b 


V 


CH3.CHCI.OH  CH.CH3 

Parethaldehyde. 
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The  formation  of  crotonic  aldehyde  may  be  represented  in  a  similar  manner  by 
the  following  equations : 

CH3.COH    +    HCl    =    CH3.CHCI.OH; 
CH3.CHCIOH   +    CH3.COH    =    CHg.CHlzCH.COH    +    HCl   +    OHg. 

In  some  cases  condensation  products  are  formed  by  the  splitting  off  of  only 
one  of  the  radicles  X  or  Y  from  the  compound  R'.CH.OX.Y  in  combination  with  an 
atom  of  hydrogen  from  a  molecule  of  unaltered  aldehyde ;  thus,  when  a  mixture 
of  aldehyde  and  aqueous  hydrochloric  acid  is  allowed  to  stand  for  several  days 
aldol  is  produced,  the  formation  of  which  may  be  represented  by  the  equations  : 

CH3.COH    +    HCl    =    CH3.CHCI.OH; 
CH3.CHCI.OH    +    CH3.COH   =    CH3.CH(0H).CH,.C0H    +    HCl. 

2.  The  aldehydes  are  very  readily  converted  by  oxidation 
into  corresponding  acids,  the  group  COH  being  converted  into 
the  group  CO. OH,  thus  : 

R'.COH    +   (O  +  OH2)    =    R^CO.OH    +    OH2. 

CH3.COH    +   (O  +  OH2)   =   CH3.COOH    +   OHg. 

Acetic  aldehyde.  Acetic  acid. 

The  oxidation  may  in  most  cases  be  effected  by  mere  exposure  of 
the  aldehyde  to  moist  air,  or  by  the  aid  of  weak  oxidizing 
agents  such  as  argentic  hydrate,  but  apparently  dry  oxygen 
(unless  in  the  form  of  ozone)  is  entirely  without  action. 

A  similar  transformation  of  the  aldehydes  may  be  effected  by 
means  of  fused  potassic  or  sodic  hydrate,  by  the  action  of  which 
the  hydrogen  of  the  COH  group  is  displaced  by  OK  or  ONa  instead 
of  by  OH,  the  potassic  or  sodic  salt  of  the  acid  corresponding  to 
the  aldehyde  being  produced  and  hydrogen  evolved ;  for  example  : 

CH3.COH   +   KOH    =   CH3.COOK   +    Hg. 

Acetic  aldehyde.  Potassic  acetate. 

In  many  cases,  however,  the  hydrogen  thus  displaced  acts  upon 
another  portion  of  the  aldehyde,  and  converts  it  into  the  corre- 
sponding alcohol ;  thus  : 

CgH^.COH   +   KOH   =  CgH^.COOK   +    2H ; 

Benzaldehyde.  Potassic  benzoate. 

CgH^.COH    +    2H   =   CgH,.CH2(0H). 

Benzaldehyde.  Benzylic  alcohol. 

When  heated  with  an  aqueous  solution  of  potassic  or  sodic  hydrate, 
the  aldehydes  are  mostly  converted  into  resinous  substances, 
which  are  doubtless  also  products  of  condensation. 

3.  The  aldehydes  are  readily  acted  on  by  nascent  hydrogen, 
and  converted  into  the  corresponding  primary  alcohols  : 

R'.COH   +   2H  =   R'.CH^tOH). 
C2H5.COH    +    1^  =   C2H,.CH2(OH). 

Propionic  aldehyde.  Propylic  alcohol. 

Often^  however^  the  fixation  of  hydrogen  is  accompanied  by  con- 
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densation,  and  in  the  case  of  the  monaldehydes  a  dihydric  alcohol 
is  produced  ;  thus,  if  sodium  amalgam  be  added  to  an  aqueous 
solution  of  aldehyde,  which  is  maintained  slightly  acid  by  repeated 
additions  of  hydrochloric  acid,  ethylic  alcohol  together  with  a 
small  quantity  of  a  butylene  glycol  is  produced ;  the  formation 
of  this  latter  may  be  represented  as  the  result  of  several  distinct 
changes : 

CH3.COH   +    OH,   =   CH3.CH(0H),; 
CHg.CHfOH),    +    CHg.CHiOH),    =    CH3.CH(0H).CH,.CH(0H)^     +   OH,; 
CH3.CH(0H).CH,.CH(0H),  +  2H   =    CH3.CH(0H).CH,.CH,(0H)    +    OH,. 

4.  When  submitted  to  the  action  of  phosphoric  pentachloride 
or  pentabromide,  the  aldehydes  exchange  their  oxygen  for  the 
equivalent  amount  of  chlorine  or  bromine  : 

R^COH   +    PCI5   =  R'.CHClg   +    POCI3. 
CH3.COH   +   PCI5  =  CH3.CHCI3   +  POCI3. 

Ethaldehyde.  /3-dichlorethane. 

5.  By  the  action  of  chlorine,  they  may  be  converted  into  the 
corresponding  acid  chlorides,  the  hydrogen  of  the  COH  group 
being  displaced  by  chlorine,  but  in  order  to  effect  this  change  it 
is  necessary  to  observe  certain  Pprecautions  in  order  to  avoid  the 
formation  of  condensation  products,  or  of  substitution  derivatives ; 
usually  the  best  plan  is  to  add  the  aldehyde  to  the  chlorine  in  excess : 

R'.COH  +  CI2   =   R'.COCl  4-  HCl. 
CgH..COH  +  CI2   =  C,H,.C0C1  +  HCl. 

Benzoic  aldehyde.  Benzoic  chloride. 

6.  Sulphuretted  hydrogen  converts  some  of  the  aldehydes  into 
the  corresponding  thioaldehydes  or  their  polymerides;  the  formation 
of  these  compounds  is  probably  preceded  by  that  of  a  compound 
of  the  aldehyde  with  sulphuretted  hydrogen,  which  then  loses 
the  elements  of  a  molecule  of  water  ;  thus  : 

CgHi^.COH  -f-  SH3  =  C,H,,.CH(SH)(OH); 
C5H,,.CH(SH)(0H)    =   C^Hi^.CSH  +  OH^. 

In  some  cases  compounds  intermediate  in  composition  between 
the  aldehydes  and  the  thioaldehydes  are  perhaps  produced,  the 
formation  of  which  may  be  represented  as  follows  (comp.  p.  742)  : 

CH3.COH    +    SH3    =  <:!H3.CH(SH)(0H); 
CH3.CH(OH)2   +  CH3.CH(0H)(SH)  =  CHg.Cnjg  jcH.CHg. 

7.  The  aldehydes  combine  with  the  acid  sulphites  of  the 
alkali  and  alkaline-earthy  metals,  forming  crystalline  compounds 
which  are  of  considerable  service  in  the  preparation  of  the  pure 
aldehydes,  as  they  are  decomposed  on  treatment  with  a  mineral 
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acid  or  an  alkaline   carbonate,  or  even  on  warming  the  aqueous 
solution,  the  aldehyde  being  liberated  (comp.  1629)  - 

K^COH    +    NaHSOg   =  R'.CH(0H).NaS03. 
CH3.COH    -h    NaHSOg  =    CH3.CH(OH).NaS03. 
CH3.CH(OH).NaS03    +   OH,  =  CHg.CHlOH),   +  NaHSO.  ; 
CHg.CHlOH),  =  CH3.COH   -f   OHg. 

8.  They  also  combine  with  cyanic  hydride  (hydrocyanic 
acid)  : 

R'.COH    +    HCN   =  R'.CH(OH).CN. 
CH3.COH   4-    HCN   =  CH3.CH(0H).CN. 

Ethaldehyde.  Cyanethylic  alcohol. 

By  heating  the  cyanides  thus  produced  with  dilute   hydrochloric 
acid,  oxyacids  are  formed,  cyanethylic   alcohol  being   converted 
into  ordinary  lactic  acid : 
CH3.CH(0H).CN    +    2OH,    +    HCl   =    CH3.CH(0H).C00H    +   NH.Cl. 

9.  The  aldehydes  are  mostly  capable  of  uniting  more  or  less 
readily  with  compounds  such  as  water,  hydrochloric  acid,  mono- 
chlorethane  (ethylic  chloride),  CgHgCl,  acetic  chloride,  CgHgOCl, 
acetic  anhydride,  (C2H302)0,  &c.,  forming  a  series  of  bodies  of  the 
form  R.'CH(OX)Y,  which,  however,  as  a  rule,  are  highly  unstable, 
and  readily  resolved  into  their  generators. 

10.  They  readily  enter  into  reaction  with  ammonia,  appa- 
rently combining  with  it  in  the  first  instance  in  the  manner  shown 
by  the  equation  : 

R^COH   +   NH3  =  R'.CH(0H).NH2. 

But  it  is  only  in  the  case  of  the  aldehyde  of  the  acetic  or 
CnH^on+i^'C)H  series  that  the  compounds  thus  formed  can  be 
isolated;  those  derived  from  aldehydes  of  other  series  undergo 
change  more  or  less  rapidly,  several  molecules  entering  into  re- 
action with  each  other  to  form  condensation  products.  Thus 
acrylic  aldehyde  or  acrolein,  CgHgCOH,  and  ammonia  yield  the 
compound  CgH9NO  =  2C3H^O  +  NH3- OHg;  and  by  the  action 
of  ammonia  on  benzoic  aldehyde  and  other  aldehydes  derived 
from  hydrocarbons  in  which  the  carbon  atoms  are  partially,  if 
not  entirely,  united  in  a  closed  chain,  so-called  hydr amides  are 
produced,  which  are  formed  by  the  combination  of  the  elements  of 
two  molecules  of  ammonia  and  three  of  aldehyde,  the  whole  of  the 
oxygen  of  the  latter  being,  however,  eliminated  in  the  form  of  water: 

SCjH^.COH    +   2NHs  =  (CeH,.CH)3N,  +  3OH,. 

Benzoic  aldehyde.  Hydrobenzamide. 

The  compounds  formed  by  the  union  of  the  aldehydes  of  the 
acetic    series   with    ammonia,   such    as    the    so-called    aldehyde 
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ammonia^  CH3.CH(OH).NH2,  are  crystalline  substances.  They 
furnisli  the  aldehyde  and  an  ammonic  salt  on  treatment  with 
mineral  acids.  They  enter  into  reaction  with  hydrocyanic  acid, 
yielding  cyano- derivatives  which  furnish  amido-acids  of  the  acetic 
series  on  digestion  with  hydrochloric  or  sulphuric  acid ;  thus  : 

CH3.COH  +   NH3   =  CH3.CH(NH2).OH. 

Ethaldehyde.  Amidoethylic  alcohol. 

CH3.CH(NH2).OH  +  HCN=CH3.CH(NH2).CN  +  OH2. 

Amidoethylic  alcohol.  Cyanamidoethane. 

CH3.CH(NH2).CN+20H2+HCl=CH3.CH(NH2).COOH+NHp. 

Cyanamidoethane.  Amidopropionic  acid. 

By  the  action  of  dehydrating  agents  at  ordinary  temperatures, 
or  on  heating  either  alone  or  with  dehydrating  agents,  the 
oxygen  they  contain  is  partially  or  wholly  removed  in  the  form 
of  water,  ammonia  being  also  split  off,  and  basic  condensation 
products — oxaldmes  and  aldines — are  formed.  By  the  action  of 
sulphuretted  hydrogen  they  are  converted  into  thialdineSj  which 
may  also  be  formed  by  digesting  the  aldehydes  with  an  aqueous 
solution  of  ammonic  thiohydrate  : 

3C,H,0   +  NH3   +  sSH,  =  C^Hi^NS,   +   3OH,; 

Ethaldehyde.  Thialdin. 

and  by  the  action  of  carbonic  bisulphide  they  are  converted  into 
carbothialdines : 

2Q^¥i,0   +   2NH3    +    CS2   =   C.H^.N.Sg   +   2OH2. 

Ethaldehyde.  Carbotbialdine. 

11.  By  heating  aldehydes  with  aniline,  phenylated  aldines 
are  produced,  the  oxygen  of  the  aldehyde  being  eliminated  in 
the  form  of  water ;  thus  : 

CH3.COH   +    2C6H5.NH2   =   CH3.CH(NH.CgH5)2  +    OHg. 

Ethaldehyde. 

CH3.COH  +  aCgH^.NH^  =  CH3.CH(N.CgH5)2   +  OH^. 

Ethaldehyde. 

12.  Similarly,  by  their  action  on  a  concentrated  aqueous  or 
alcoholic  solution  of  urea,  so-called  diur aides  are  produced  : 

CH3.COH  +  2CO(NH2)2  =  CH3.CH(NH.CO.NH2)2  +  OH^j 
whilst  if  dry  urea  be  employed,  still  more  complex  bodies  are  formed. 

13.  A  reaction  of  great  interest  and  importance,  especially 
characteristic  of  the  aldehydes  derived  from  hydrocarbons  con- 
taining the  carbon  atoms  either  wholly  or  partially  united  in  a 
closed  chain,  is  that  which  takes  place  when  they  are  heated  with 
the  anhydride  of  an  acid  of  the  acetic  series  and  sodic  acetate  or 
the  sodic  salt  of  the  acid  corresponding  to  the  anhydride  em- 
ployed, and  the  product  is  subsequently  treated  with  water.  The 
relation  of  the  final  product  to  the  aldehyde  employed  is   repre- 

3  3  a 
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sented  in  the  case  of  benzoic  aldehyde  and  acetic  anhydride  by 
the  empirical  equation : 
CgH^.COH    +   CH3.COOH   =  CgH,.CH=CH.COOH   +   OH^. 

Benioic  aldehyde.  Acetic  acid.  Cinnamic  acid. 

The  reaction  does  not  take  place  unless  the  sodic  salt  is  present,  but  it  is 
scarcely  understood  at  present  what  part  this  salt  plays;  probably,  however,  the 
acid  is  the  end  product  of  a  series  of  reactions  which  occur  somewhat  in  the 
following  manner.  In  the  first  place  the  aldehyde  enters  inio  combination  with 
the  anhydride  J  thus,  supposing  benzoic  aldehyde  and  acetic  anhydride  are  taken  : 
C,H,.COH   +    (C,H,0),0    =    C,H,.CH(C,H30J,. 

Condensation  then  takes  place  in  consequence,  it  may  be  supposed,  of  this  com- 
pound reacting  on  a  second  molecule  of  the  anhydride,  two  atoms  of  hydrogen 
from  which  separate  in  combination  with  the  two  Cfl.f>.^  groups  of  the  diacetia 
as  acetic  acid  : 

^6^i'^^{*^2^S^2h       +      CH3.COJ  ~  CH3.COJ  2L.,tl^W2. 

It  is  undoubtedly  at  this  stage  that  the  sodic  salt  has  an  influence  ;  and  it  perhaps 
favours  the  separation  of  the  hydrogen  and  the  formation  of  the  acid  in  conse- 
quence of  the  tendency  exhibited  by  the  acids  of  the  acetic  series  to  combine  with 
their  sodic  salts  to  form  compounds  such  as  the  diacetate,  C.^Hg02Na.  C^H^O^. 
Whatever  the  manner  in  which  condensation  is  effected,  however,  there  can  be 
little  doubt  that  a  mixed  anhydride  is  the  product :  this  is  decomposed  on  the 
subsequent  addition  of  water,  thus  : 

C,H,.CHz=OT.CO  I Q   +    OH,   =   CgH^.CHizCH.COOH    +    CH,.COOH. 

§  I.  Aldehydes  of  the  C^Hgn+iCOH  or  Acetic  Series. 

(1623)   ^^®  following  aldehydes  of  this  series  are  known : 

B.  p.  °  c. 

Methaldehyde  or  formic  aldehyde H.COH  Gaseous 

Ethaldehyde  or  acetic  aldehyde CH^.COH  22° 

Propaldehyde  or  propionic  aldehyde CgHj-COH  ^^°'S 

Tetraldehyde  or  butyric  aldehyde CgHy«.COH  75° 

Isotetraldehyde  or  isobutryic  aldehyde    ....  CgH^^.COH  61^ 

Pentaldehyde  or  valeric  aldehyde C^^H^^.COH  102° 

Isoprimary*  pentaldehyde  or  isovaleric  aldehyde  .  C^Hg^.COH  93° 

Hexaldehyde  or  caproic  aldehyde CgH^j^.COH  128° 

Isoprimary  hexaldehyde  or  isocaproic  aldehyde       .  C^Hj^^.COH  121° 

Heptaldehyde  or  oenantbic  aldehyde       ....  CgH^g'^.COH  152° 

Hexdecaldehyde  or  palmitic  aldehyde     ....  C^gHgg.COH  melts  at  52° 

*  The  homologues  of  ethaldehyde,  CHg.COH,  may  be  represented  as  derived 
from  it  by  the  displacement  of  the  hydrogen  atoms  in  the  CH^  group  by  radicles 
of  the  form  CnH^n  -f  j,  in  precisely  the  same  manner  that  the  alcohols  of  the 
ethylic  series  are  regarded  as  derived  from  carbinol,  OH3.OH ;  it  will  be  con- 
venient, therefore,  to  distinguish  the  three  principal  classes  of  homologues  of 
ethaldehyde,  and  indeed  all  aldehydes  which  may  be  regarded  as  derived  in  this 
way  from  ethaldehyde,  as  primary,  secondary,  and  tertiary  aldehydes  according 
as  they  are  formed  by  the  displacement  of  one,  two,  or  three  of  the  hydrogen 
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(1624)  Methaldehyde,  Formic  or  Methylic  Aldehyde: 
CH20  =  HC0H. — This  aldehyde,  like  the  homologous  aldehydes, 
is  formed  on  oxidation  of  the  corresponding  alcohol,  methylic 
alcohol,  but  on  account  of  its  properties  cannot  be  directly 
isolated.  If  a  current  of  air  charged  with  the  vapour  of  methylic 
alcohol  be  directed  upon  an  incandescent  platinum  spiral,  sus- 
pended in  a  glass  flask,  after  a  few  minutes  the  flameless  com- 
bustion of  the  alcohol  begins  to  manifest  itself  by  the  evolution 
of  a  vapour  powerfully  aflfecting  the  eyes  and  nose ;  if  the  current 
of  air  be'  properly  adjusted,  the  spiral  remains  incandescent  for 
hours  and  even  for  days,  and  by  passing  the  vapour  through  a 
well-cooled  condenser  and  wash  bottles,  a  product  having  all  the 
properties  characteristic  of  the  aldehydes  is  obtained.  Thus, 
when  it  is  rendered  slightly  alkaline  by  ammonia,  and  gently 
warmed  with  argentic  nitrate,  silver  is  deposited  on  the  sides  of 
the  vessel ;  and  on  heating  it  with  potassic  hydrate,  it  acquires 
a  yellowish  colour,  and  soon  deposits  drops  of  a  brownish  oil 
possessing  the  peculiar  odour  of  ethaldehyde  resin.  In  all  pro- 
bability the  solution  contains  methaldehydrol,  CH2(OH)2,  but  on 
evaporation  over  sulphuric  acid  in  vacuo,  instead  of  this  compound, 
or  the  aldehyde  derived  from  it  by  the  simple  withdrawal  of  the 
elements  of  a  molecule  of  water,  there  is  obtained  a  small  quantity 
of  a  yellowish-white  substance,  which  is  a  polymeride  of  meth- 
aldehyde.  There  can  be  little  doubt,  however,  that  this  poly- 
meride is  not  contained  in  the  solution,  as  it  is  insoluble  in  water, 
and  has  but  a  faint  odour,  whereas  the  solutiqj^^if^^^^il^le^?^ 

atoms,  and  to  employ  the  terms  isoprimary,  isosecoiid4ryv«^|iJ|ii^^ajiie^mie 
as  in  the  case  of  the  carbinols  to  represent  aldehydes  containing  radleras  Mtllea    J 
than   normal — i.e.,  in  which  the  carbon  atoms  are  supposed  to  hs  united^i^  ^ 
manner  different  from  that  in  which  they  are  in  the  normal  paraffins,  <  ^hj 


CH3.0H 

CH^R^OH 

CHRVOH 

CR^.OH. 

Carbinol. 

Primary  carbinol. 

Secondary  carbinol. 

Tertiary  carbinol. 

CH3.COH 

CH^R'.COH 

CHRVCOH 

CRVCOH. 

Ethaldehyde. 

Primary  aldehyde. 

Secondary  aldehyde. 

Tertiary  aldehyde. 

It  may  be  objected  that  on  this  system  the  aldehydes  would  have  to  be 
regarded  as  derivatives  of  a  compound  containing  two  atoms  of  carbon,  whereas 
the  carbinols  are  derivatives  of  a  compound  containing  only  a  single  carbon 
atom.  Ethaldehyde  and  carbinol,  however,  may  obviously  both  be  regarded  as 
formed  in  a  similar  manner  from  methane,  CH^,  by  the  displacement  of  a  single 
atom  of  hydrogen  by  the  monad  radicles  OH  and  COH  ;  in  fact  the  object  is 
simply  to  indicate  the  nature  of  the  radicle  associated  with  the  OH  and  COH 
groups,  and  the  most  convenient  way  of  doing  this  is  to  term  those  compounds 
primary  which  contain  a  radicle  of  the  form  (CH2R'')'>  and  to  apply  the  terniS 
secondary  and  tertiary  respectively  to  all  those  which  contain  radicles  of  the 
form  (CHR^'  and  {CR'J. 

3  A  2 
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water  and  smells  strongly  (Hofmann_,  Proc.  Roy.  Soc,  xv.  156  ; 
Deut.  chem.  Ges.  Ber.,  ii.  152;  iii.  584). 

Hofmann  has  recently  stated  that  methylic  alcohol  can  be 
oxidized  with  great  facility  by  passing  its  vapour  mixed  with  air 
through  a  platinum  tube  packed  with  platinum  wire,  which  is 
gently  heated  in  the  first  instance  in  order  to  start  the  reaction. 

The  formation  of  methylal  (p.  680),  CH2(OCH3)2,  on  oxidation 
of  methylic  alcohol  by  a  mixture  of  sulphuric  acid  and  manganic 
dioxide,  and  of  dimesitylmethane  (1380),  CR^iC^B.^^)^,  on  adding 
mesitylene,  CgH3(CH3)3,  to  a  mixture  of  solutions  of 'methylic 
alcohol  and  of  chromic  anhydride  in  glacial  acetic  acid,  indicates 
also  that  ordinary  oxidizing  agents  convert  methylic  alcohol  into 
the  corresponding  aldehyde. 

The  preparation  of  methaldehydrol  from  diiodomethane,  and  its 
conversion  into  the  polymeride  of  methaldehyde,  has  already  been 
described  (1495).  The  latter  compound  is  also  formed  by  the  action 
of  argentic  oxalate  or  argentic  oxide  on  diiodom ethane  (Butlerow, 
Ann.  Chem.  Pharm.,  cxi.  245) ;  probably  the  best  method  of  pre- 
paring it,  however,  is  to  heat  the  calcic  salt  of  glycolic  acid, 
CH2(0H).C00H,  with  six  or  eight  times  its  weight  of  concen- 
trated sulphuric  acid. 

The  calcic  salt  previously  dehydrated  by  heating  at  190°  (374°  F.),  is 
introduced  into  a  capacious  retort  together  with  the  acid,  and  the  decomposition 
into  calcic  sulphate  and  glycolic  acid  effected  by  gently  warming  the  mixture 
and  constantly  agitating  the  retort;  a  thermometor  is  then  immersed  in  the 
liquid,  and  the  head  of  the  retort  covered  over  with  paper  so  as  to  prevent  con- 
densation. The  neck  of  the  retort  is  connected  with  a  receiver,  a  wide  glass 
tube  being  fitted  to  the  other  neck  of  the  receiver.  The  mixture  is  then  heated 
with  moderate  rapidity  to  a  temperature  of  170° — 180°  (338° — 356°  F.),  so 
that  the  product  as  it  is  formed  at  once  sublimes  into  the  neck  of  the  retort ; 
but  the  heating  must  not  take  place  too  rapidly,  as  in  this  case  the  carbonic 
oxide  which  is  abundantly  evolved  carries  with  it  a  large  quantity  of  the  methalde- 
hyde which  thus  escapes  condensation  (Heintz,  Ann.  Chem.  Pharm.,  cxxxviii.  40). 

According  to  Brodie,  a  small  quantity  of  methaldehyde  is 
produced  when  a  mixture  of  hydrogen  and  carbon  dioxide  gases 
is  submitted  to  the  action  of  the  silent  electric  discharge  {Proc. 
Roy.  Soc.  1874,  xxii.  171).  P.  and  A.  Thenard  state  that 
when  a  mixture  of  hydrogen  and  carbonic  oxide  is  similarly 
treated,  it  yields  a  liquid  product  soluble  in  water,  which  exhibits 
strong  reducing  properties  (Compt.  Rend.,  Ixxvi.  J 049). 

The  polymeride  of  methaldehyde  is  an  amorphous,  tasteless 
substance,  almost  destitute  of  odour,  but  when  heated  it  gives  off 
vapour  having  a  very  pungent,  irritating  odour ;  it  begins  to 
sublime  below  100°  (212°  F.)  without  melting,  but  if  rapidly 
heated  it  melts  at   152°  (305°*6  F.),  and  at  the  same  time  boils. 
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When  thus  volatilized,,  it  is  depolymerized^  its  vapour  density- 
corresponding  with  the  formula  CJlfi  (Hofmann).  If  the 
density  be  determined  in  Hofraann^s  apparatus,  it  is  observed, 
however,  that  the  mercury  does  not  at  once  rise  to  its  former  level 
when  the  apparatus  becomes  cold,  as  is  ordinarily  the  case,  and 
that  it  only  very  slowly  regains  its  former  level  :  the  gaseous 
methaldehyde  being  but  gradually  reconverted  into  the  solid 
polymeride. 

If  the  methylic  alcohol  solution  of  (?)  methaldehydrol  be 
mixed  with  ammonia  and  then  evaporated  in  vacuo,  hexmethylen- 
amine,  a  crystalline  body  of  the  composition  CgHj2N^=6CH2{OH)2 
+  4NH3— 1 2OH2  is  obtained  ;  this  compound  is  also  formed  when 
the  solid  polymeride  of  methaldehyde  is  submitted  to  the  action 
of  dry  ammonia  gas.  It  crystallizes  from  alcohol  in  colourless, 
transparent  rhombohedra  and  prisms,  easily  soluble  in  water  and 
in  hot  alcohol.  It  is  odourless  at  ordinary  temperatures,  but  when 
heated  emits  a  most  unpleasant  odour.  It  slowly  sublimes  at 
about  100°  (212°  F.),  condensing  in  well-formed,  brilliant 
crystals.  Hexmethylenamine  combines  with  acids  forming  salts 
such  as  the  hydrochloride  CgH^gN^Cl  (Butlerow,  Ann.  Chem. 
Pharm.f  cxv.  322). 

If  a  current  of  sulphuretted  hydrogen  be  passed  through  the 
methylic  alcohol  solution  of  methaldehydrol,  the  liquid  becomes 
turbid  after  a  few  minutes,  and  on  allowing  the  saturated 
solution  to  stand  for  some  hours  a  body  of  an  alliaceous  odour 
begins  to  be  separated  at  the  bottom  of  the  flask.  If  the  liquid 
be  now  mixed  with  half  its  volume  of  concentrated  hydrochloric 
acid  and  heated  to  ebullition,  it  becomes  limpid  and  solidifies  on 
cooling  into  a  mass  of  felted  needles  of  thiomethaldehyde  ;  the 
solid  polymeride  of  methaldehyde  also  furnishes  this  compound 
on  treatment  with  sulphuretted  hydrogen  and  hydrochloric  acid 
(Hofmann).  Moreover,  it  may  be  obtained  by  digesting  carbonic 
bisulphide  with  zinc  and  hydrochloric  acid  (Girard,  Compt.  Rend., 
xliii.  396),  and  from  diiodomethane :  when  the  last-mentioned 
compound  is  warmed  with  an  alcoholic  solution  of  sodic  sulphide, 
a  white,  voluminous,  amorphous  precipitate  of  a  substance  of  the 
composition  a?CH2S  is  formed,  and  on  heating  this  at  about  150 
(302°  F.)  it  becomes  crystalline,  and  then  has  all  the  properties 
of  the  thioaldehyde  prepared  as  above  described.  Thiomethalde- 
hyde is  also  a  product  of  the  action  of  nascent  hydrogen  on 
thiocyanic  acid,  HCNS,  and  on  allylic  isothiocyanate,  C3H5.NCS 
(Hofmann,  Deut.  chem.  Ges.  Ber.,  i.  176).  It  melts  at  218° 
(424°*4   F.),  and  may  be  volatilized  unchanged  ;  the  determina- 
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tion  of  its  vapour  density  shows  that  it  has  the  formula  CgHgSg. 
It  forms  crystalline  compounds  with  argentic  nitrate — viz., 
CgHgSg.AgNOjj  and  C3HgS3.2AgN03 — and  with  a  number  of 
metallic  chlorides. 

It  appears  probable  from  the  high  melting  point  of  the 
polymeride  of  methaldehyde,  and  from  the  readiness  with  which 
it  is  converted  into  the  thioaldehvde  C.,H«S„,  that  it  also  is 
formed  from  three  molecules  of  methaldehyde. 

Baeyer  has  shown  that  when  methaldehyde  acts  on  benzene 
and  tlie  homologous  hydrocarbons,  and  on  bodies  such  as  phenol, 
in  presence  of  dehydrating  agents  such  as  sulphuric  and  hydro- 
chloric acids,  condensation  products  are  obtained  which  are 
formed  by  the  separation  of  the  oxygen  of  the  aldehyde  in  com- 
bination with  hydrogen  of  the  body  acted  upon  ;  thus,  when  it 
acts  upon  benzene,  a  mixture  of  diphenylmethane  or  benzyl- 
benzene  (1377),  CH3(CgH5)2,  and  paradibenzylbenzene  (1403), 
CgH^(CH2.CgH.)2,  and  which  even  contains  still  more  complex 
hydrocarbons,  is  obtained  (comp.  p.  359).  Methaldehyde  acts  on 
mesitylene  in  this  manner  so  readily,  and  the  product  (1380)  has 
such  characteristic  properties,  that  the  reaction  may  be  made  use 
of  for  its  detection. 

There  can  be  little  doubt  that  methaldehyde,  or  more  pro- 
bably methaldehydrol,  is  one  of  the  first,  if  not  the  first  and  only 
reduction  product  formed  from  the  carbonic  acid  in  plants,  and  in 
virtue  of  this  property  of  readily  entering  into  reaction  with 
other  bodies  in  the  manner  described,  it  doubtless  plays  a  most 
important  part  in  plant  life  in  effecting  the  gradual  building  up 
of  many  of  the  complex  compounds  which  are  products  of  vege- 
table organisms.  The  formation  of  dextrose,  for  example,  may 
be  regarded  as  simply  the  result  of  the  action  upon  each  other 
of  six  molecules  of  methaldehydrol  and  the  separation  from  them 
of  the  elements  of  six  molecules  of  water,  thus : 

CH2(OH)3  CH^IOH)  CHgCOH) 

CH3(OH)2  CH(OH)  CH(OH) 

CHo(OH)2  CH(OH)  CH(OH) 

=      1  =1  +    60H,. 

CH2(OH)2  CH(OH)  CH(OH) 

CH2(OH)2  CH(OH)  CH(OH) 

CH2(OH)3  CH(0H)2  COH 

That  of  glycerol  may  be  represented  in  a  similar  manner : 
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CU,{011),  CH,(OH) 

CH2(OH)2     =      CH(OH)      +      3OH2. 

CH2(OH)2  CH2(0H) 

Obviously  the  changes  involved  in  these  reactions  are  precisely 
analogous  to  those  which  there  i^.  every  reason  to  suppose  take  place 
for  example,  in  the  formation  of  butylene  glycol  and  of  crotonic 
aldehyde,  from  ethaldehyde  (pp.  717 — 719).  It  is  by  no  means 
improbable  that  some  at  least  of  the  metallic  salts  which  are  requisite 
for  plant  growth  assist  in  bringing  about  these  changes,  and  hence 
are  necessary  to  growth,  although  they  do  not  form  part  of  the 
plant  structure,  as  it  has  been  placed  beyond  doubt  that  whereas 
pure  ethaldehyde  may  be  preserved  unchanged ;  if  a  minute 
quantity  of  a  foreign  substance  be  added,  it  rapidly  undergoes 
polymerization  and  condensation.  The  necessity  of  the  presence 
of  potassic  salts  in  the  formation  of  starch,  for  example,  may  thus 
meet  with  an  explanation. 

(16^15)  Ethaldehyde;  Acetic  or  Ethylic  Aldehyde  ;  Alde- 
hyde: C2Hp  =  CH3.COH.— This  aldehyde  is  a  product  of  the 
action  of  nearly  every  oxidizing  agent  on  ethylic  alcohol. 
Oxygen  alone,  however,  unless  in  the  form  of  ozone,  is  incapable 
of  converting  alcohol  into  aldehyde  at  ordinary  temperatures, 
although  in  the  presence  of  platinum  black  action  readily  takes 
place :  many  other  substances  facilitate  the  oxidation  in  a 
similar  manner,  aldehyde  being  even  produced  on  merely  filter- 
ing alcohol  through  charcoal  (Kramer  and  Pinner) ;  and  certain 
of  the  minute  organisms  which  excite  fermentation  appear  to 
possess  the  power  of  inducing  the  oxidation  of  alcohol,  for  alde- 
hyde is  sometimes  met  with  as  a  product  of  vinous  fermentation, 
especially  when  it  takes  place  under  reduced  pressure,  and  in 
acetous  fermentation.  The  oxidation  of  alcohol  may  also  be 
effected  by  passing  the  vapour  mixed  with  air  through  a  platinum 
tube  packed  with  platinum  wire  which  only  at  first  requires  to 
be  gently  heated,  the  heat  developed  in  the  formation  of  the 
aldehyde  being  then  sufficient  to  maintain  the  temperature 
high  enough  for  the  oxidation  of  the  alcohol  to  take  place 
continuously.  In  all  these  cases  in  which  aldehyde  is  produced 
by  oxidation  of  alcohol,  the  reaction  may  with  much  probability 
be  supposed  to  take  place  in  the  following  manner : 

CH3.CH2.OH    +    (O  +  OH2)  =   CH3.CH(OH).2  +    OH2. 

Etiiylic  alcohol.  Ethaldehydrol. 

CH3.CH(OH)2   =   CH3.COH   +   OHg. 

Ethaldehydrol.  Ethaldehyde. 
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It  is  obtained  in  small  quantity  on  oxidation  of  many  other  sub- 
stances besides  alcohol^  especially  complex  bodies^  such  as  the 
carbohydrates  and  albuminoids,  and  when  the  vapour  of  alcohol 
or  of  ether  is  passed  through  a  tube  heated  to  dull  redness ;  it 
is  also  one  of  the  products  of  the  dry  distillation  of  bodies  such 
as  sugar,  and  of  wood.  The  following  are  other  methods  of 
forming  aldehyde  : — [a)  By  combining  acetylene  with  sulphuric 
acid,  and  decomposing  the  product  with  water ;  the  aldehyde  thus 
formed,  however,  as  Lagermarck  and  Eltekoff  have  recently 
shown  {Deut.  chem,  Ges.  Ber.,  x.  637),  becomes  converted  into 
cro tonic  aldehyde.  It  was  stated  by  Berthelot  that  vinylic 
alcohol  was  produced  in  this  manner,  but  it  has  already  been 
pointed  out  (p.  213)  that  the  substance  he  obtained  was  in  all 
probability  crotonic  aldehyde  ;  Lagermarck  and  Eltekoff^s  obser- 
vations leave  little  doubt  that  the  explanation  previously  given  of 
the  formation  of  this  compound  from  acetylene  is  correct,  (b)  (?) 
By  the  action  of  a  concentrated  aqueous  solution  of  chromic 
acid  on  ethylene  at  120°  (248°  F.)  (Berthelot).  {c)  By  heating 
a-  or  j3-dibromethane  (ethylenic  and  ethylidenic  bromides)  with 
water  or  alcohol  in  closed  tubes  at  150° — 170°  (302° — 338°  F.)  ; 
when  water  is  employed,  a  great  part  of  the  aldehyde  is  converted 
into  a  resinous  substance,  the  formation  of  which  is  avoided  if 
alcohol  be  taken  (Carius,  Ann.  Chem.  Pharm.j  cxxxi.  17  ;  comp. 
511).  It  may  also  be  formed  from  /3-dibromethane,  CHg.CHBrg, 
by  converting  the  latter  into  acetal  by  the  action  of  sodic  ethy- 
late  (comp.  p.  680),  and  heating  this  compound  with  acetic  acid 
at  ,50°  (302°  P.): 

CH3.CH(0C,H,),  +  2HC,H303  =  CH3.COH  +  OH,  +  aC.H^.C.H^O,. 

(d)  By  the  action  of  zincic  chloride  on  glycol  (Wurtz).  On 
adding  glycol  to  powdered  fused  zincic  chloride,  heat  is  developed, 
and  a  portion  of  the  chloride  is  dissolved.  If  a  mixture  of  i  pt. 
glycol  and  3  pts.  zincic  chloride  be  heated  in  the  oil  bath  at 
about  250  (482°  F.)  a  moderately  vigorous  reaction  takes  place, 
and  vapours  pass  off,  which,  when  condensed,  form  two  layers — 
an  upper  oily  layer,  consisting  of  hydrocarbons,  and  a  lower 
aqueous  layer,  containing  ethaldehyde  and  a  second  substance, 
boiling,  according  to  Bauer,  at  105° — 110°  (221° — 230°  F.),  which 
is  doubtless  crotonic  aldehyde,  (e)  By  heating  fermentation  lactic 
acid  for  several  hours  at  about  130°  (266°  F.)  with  dilute  sul- 
phuric acid  (Erlenmeyer) : 

CH3.CH(OH).COOH  +  OH2=CH3.CH(OH)2  +  H.COOH. 

It  is  also  formed  in  small  quantity  when  lactic  acid  and  many  of 
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its  salts  are  submitted  to  dry  distillation.  (/)  By  distilling  a 
mixture  of  calcic  formate  and  calcic  acetate  : 

(HCOOjgCa  +  (CH3.COO)2Ca=  2CH3.COH  +  2CaC03. 

{g)  By  passing  chlorine  into  aqueous  alcohol ;  the  formation  of 
ethaldehyde  by  this  reaction  may  be  explained  in  two  ways  :  it  may 
either  be  supposed  that  by  the  action  of  the  chlorine  on  the 
water  oxygen  is  liberated,  which  then  oxidizes  the  alcohol : 
CH3.CH2.0H  +  OH3  +  Cl2=2HCl  +  CH3.COH  +  OH2;  or,  which  is 
more  probable,  that  a  chlorinated  derivative  of  alcohol  is  formed^ 
which  splits  up  into  ethaldehyde  and  hydrochloric  acid  : 

CH3.CH2.OH  f  Cl2  =  CH3.CHC1.0H  +  HCl; 
CH3.CHCI.OH  =  CH3.COH  +  HCl. 

[h)  According  to  Say tzeff  and  Glinsky  (Zeits.  Chem  [2] ,  iii.  645), 
ethaldehyde  and  a  compound  of  ethaldehyde  and  mercurous 
bromide  are  obtained  on  digesting  bromethylene^  CH^ZZCHBr, 
with  crystallized  mercuric  acetate. 

Preparation. — Ethaldehyde  is  usually  prepared  by  oxidizing 
ethylic  alcohol  with  potassic  dichromate,  or  manganic  dioxide, 
and  sulphuric  acid.  The  following  method  may  be  advantageously 
employed : 

Fifteen  parts  of  potassic  dichromate  in  pieces  the  size  of  small  pease  is  placed 
in  a  capacious  retort  surrounded  by  ice  and  salt,  and  a  cold  mixture  of  ten  parts 
spirits  of  wine  and  twenty  parts  concentrated  sulphuric  acid  diluted  with  three  times 
its  volume  of  water  is  then  poured  in.  The  retort  is  connected  with  a  reversed 
Liebig's  condenser,  or  with  a  spiral,  which  is  connected  by  glass  tubing  with 
two  cylinders,  one  of  which — that  nearer  to  the  condenser — is  empty,  the  other 
being  partially  filled  with  anhydrous  ether;  water  of  about  50°  (122°  F.)  is 
allowed  to  flow  through  the  condenser,  and  the  cylinders  are  surrounded  by  a 
refrigerating  mixture  of  ice  and  salt.  The  reaction  begins  on  removing  the 
refrigerating  mixture  surrounding  the  retort,  the  liquid  in  which  boils  violently ; 
after  a  time,  however,  it  is  necessary  to  heat  the  retort  gently  in  order  to  com- 
plete the  oxidation.  The  aldehyde  distils  over  and  collects  in  the  two  receivers, 
while  the  vapours  of  alcohol  and  of  the  oxidation  products  formed  simultaneously 
with  the  aldehyde  (ethylic  acetate,  acetic  acid,  &c.)  which  also  volatilize  are  in  a 
great  measure  condensed,  and  flow  back  into  the  retort.  In  order  to  obtain 
pure  ethaldehyde,  the  ethereal  solution  is  saturated  with  ammonia  gas,  and  the 
compound  of  ethaldehyde  with  ammonia  which  separates  out  is  washed  with  ether, 
dried  over  sulphuric  acid,  then  dissolved  in  a  small  quantity  of  water,  mixed 
with  dilute  sulphuric  acid,  and  the  mixture  carefully  distilled  from  the  water 
bath  ;  the  distillate  is  dried  over  calcic  chloride  and  then  rectified. 

Instead  of  adding  the  mixture  of  alcohol  and  acid  to  the  dichromate,  the 
latter  may  be  dissolved  in  the  acid  and  water,  and  the  alcohol  gradually  added 
to  the  solution  by  means  of  a  funnel  provided  with  a  stopcock  passing  through 
the  tubulus  of  the  retort ;  it  is  not  necessary  in  this  case  to  cool  the  retort. 
Instead  also  of  collecting  the  aldehyde  in  ether,  it  may  be  collected  alone  in  well 
cooled  receivers,  and  partially  purified  by  rectification ;  but  it  is  impossible  to 
purify  it  completely  by  fractional  distillation. 
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On  rectifying  crude  fermentation  spirit  which  has  passed 
through  charcoal  filters,  a  portion  passes  over  almost  immediately 
when  steam  is  first  blown  into  the  stills  consisting  chiefly  of 
ethaldehyde ;  about  two  quarts  of  this  highly  volatile  fraction  are 
obtained  from  30^00  quarts  of  spirit  (Kramer  and  Pinner,  Deut. 
chem.  Ges.  Ber.,  ii.  401 ;  iv.  787).  This  commercial  product  is 
now  the  most  convenient  source  of  ethaldehyde,  which  may  be 
prepared  from  it  in  a  pure  state,  by  means  of  the  compound  with 
ammonia. 

Properties. — Ethaldehyde  is  a  colourless,  very  mobile,  inflam- 
mable liquid,  possessing  a  characteristic  pungent  not  unpleasant 
smell ;  when  inhaled  it  produces  a  peculiar  sensation  of  tightness 
at  the  chest.  It  boils  at  22°  (7i°-6  F.),  and  at  0°  (32°  F.)  has 
the  sp.  gr.  801.  It  is  miscible  with  water,  alcohol,  and  ether  in 
all  proportions,  dissolving  in  water  and  alcohol  with  considerable 
development  of  heat,  doubtless  owing  to  the  formation  of  the 
compounds  CH3.CH(OH)2  and  CH3.CH(OH)(OC2H5). 

The  aqueous  solution  is  perfectly  neutral,  but  soon  becomes 
acid  in  consequence  of  the  production  of  acetic  acid,  CH3.COOH; 
this  acid  is  formed  with  the  greatest  facility  from  ethaldehyde,  by 
the  action  of  all  oxidizing  agents.  Thus,  on  warming  an  aqueous 
solution  of  ethaldehyde  with  argentic  oxide,  the  latter  is  reduced 
to  the  metallic  state,  the  aldehyde  being  converted  into  argentic 
acetate ;  similarly,  when  the  solution  formed  by  adding  ammonia 
to  a  solution  of  argentic  acetate,  until  the  precipitate  at  first 
produced  is  redissolved,  is  gently  warmed  with  ethaldehyde,  the 
following  reaction  takes  place  : 

CH3.CH(OH)2  +   2AgNH3.0H   =  2Ag  +  CH^.COONH^  +  NH3  +  2OH2. 

The  silver  separates  in  the  form  of  a  brilliant  mirror  on  the  sides 
of  the  flask  or  tube  in  which  the  liquid  is  heated ;  this  reaction  is 
extremely  delicate,  and  may  be  made  use  of  for  the  detection  of 
ethaldehyde. 

It  is  not  reduced  in  contact  with  zinc-  and  hydrochloric  acid, 
but  on  adding  sodium  amalgam  to  an  aqueous  solution  of  ethal- 
dehyde, ethylic  alcohol  is  produced  ;  it  is  advisable  to  maintain 
the  solution  faintly  acid  by  adding  hydrochloric  acid  from  time 
to  time  in  order  to  prevent  the  formation  of  resinous  compounds 
by  the  action  of  the  alkali  (Wurtz).  According  to  Kekule,  a 
small  quantity  of  the  glycol  CH3.CH(OH).CH2.CH2(OH)  is  pro- 
duced simultaneously  {comp.  1500).  Ethaldehyde  is  also  con- 
verted into  ethylic  alcohol  by  digesting  its  solution  in  aqueous 
ammonia    with   zinc    at  30°— 40°    (86°— 104''  F.)  under   slight 
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pressure ;  basic  substances  are  apparently  formed  at  the  same 
time  (Lorin,  Compt.  Rend.,  Ivi.  845). 

Ethaldehyde  is  readily  acted  upon  by  phosphoric  pentachlo- 
ride  and  trichlorodibromide^  being  converted  into  )3-dichlor-  and 
j3-dil)romethane(ethylidenic  chloride  and  bromide),  CHg.CHClg  and 
CHg.CHBrg.  According  to  Tawildarow  [Deut.  chem.  Ges.  Ber.,  vii. 
48  8),  the  latter  compound  isnot  obtained  bythe  action  of  phosphoric 
pentabromide  on  ethaldehyde,  the  product  in  this  case  being  the 
compound  CH3.CHBr(C2H302);  which  may  also  be  obtained  by 
combining  ethaldehyde  with  acetic  bromide.  On  heating  it  with 
a  solution  of  potassic  or  sodic  hydrate  the  liquid  becomes  coloured 
in  consequence  of  the  formation  of  so-called  aldehyde-resin,  a 
brown  amorphous  substance  of  unknown  composition,  but  which 
is  doubtless  a  product  of  condensation. 

When  the  vapour  of  ethaldehyde  is  passed  over  lime  heated  to 
dull  redness,  acetone,  CO{CH3)2,  and  homologous  compounds  are 
produced  (Schlomilch). 

(1626)  Polymerization  of  Ethaldehyde. — A  number  of  poly- 
merides  of  ethaldehyde  have  at  various  times  been  described,  but 
it  has  been  shown  by  Kekule  and  Zincke  {Ann,  Chem.  Pharm., 
clxii.  141)  that  only  two  exist — viz.,  metethaldehyde,  which  is 
crystalline,  and  parethaldehyde,  which  is  liquid,  at  the  ordinary 
temperature ;  both  may  be  formed  by  the  action  of  the  same  sub- 
stances on  ethaldehyde,  but  the  former  is  produced  at  low  and 
the  latter  at  higher  temperatures. 

Pareihaldehyde ;  paraldehyde:  CgH^.Pg. — A  large  number  of  substances 
possess  the  power  of  converting  ethaldehyde  into  this  polymeride ;  thus,  if  a  very 
minute  quantity  of  hydrochloric  or  sulphurous  acid,  or  of  carbonic  chloride,  COClg, 
be  added  to  ethaldehyde,  the  temperature  very  soon  rises  and  may  even  reach 
38° — 40°  (ioo°*4 — 104°  F.)  if  the  reaction  takes  place  in  a  closed  vessel,  the 
greater  p§,rt  of  the  aldehyde  being  converted  into  pareth aldehyde.  On  the  addition 
of  a  drop  of  concentrated  sulphuric  acid  to  ethaldehyde,  boiling  at  once  sets  in  with 
explosive  violence,  and  much  of  the  aldehyde  is  volatilized ;  the  residue  consists  of 
parethaldehyde.  Diluted  acid  acts  less  violently.  Zincic  chloride  has  a  similar 
action,  but  calcic  chloride  and  potassic  acetate  do  not  produce  parethaldehyde, 
and  acetic  acid  appears  to  be  entirely  without  action.  The  paraldehyde  is  best 
purified  by  submitting  the  crude  product  to  a  temperature  below  0°  (32°  F.)  for 
some  time;  it  then  crystallizes  out,  and  may  be  freed  from  the  liquid  by 
pressure  between  folds  of  bibulous  paper,  and  distilled.  It  is  a  colourless 
liquid,  of  pleasant  ethereal  odour,  soluble  to  the  extent  of  about  12  vols, 
in  100  vols,  of  water  at  13°  (55°*4  F.)  ;  it  solidifies  below  10°  (50°  F.)  to  an 
ice-like  mass,  but  sometimes  forms  large  transparent  prisms  ;  the  crystals  melt 
at  io°-5  (5o°-9  F.).  It  boils  at  124°  (255°'2  F.),  and  at  15°  (59°  F.)  has  the 
sp.  gr.  998.  Its  vapour  density  corresponds  to  the  formula  C^U.Jd^.  When 
distilled  with  a  small  quantity  of  sulphuric  or  hydrochloric  acid,  or  with  zincic 
chloride,  &c  ,  it  is  reconverted  into  ethaldehyde ;  it  also  furnishes  the  same  products 
as  ethaldehyde  when  acted  upon  by  phosphoric  pentachloride  or  hydrochloric  acid 
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^as,  the   former    converting  it  into  /S-dichlorethane,   and  the   latter  into  the 
dichbrether,  CH3.CHCI.O.CHCI.CH3  (p.  672). 

Metethaldehyde  ;  metaldehyde:  a;C.,H^O. — This  polymeride  separates  in  long 
fine  needles  when,  after  the  addition  of  a  small  quantity  of  any  of  the  substances 
which  are  capable  of  converting  ethaldehyde  into  parethaldehyde,  the  liquid  is  well 
cooled ;  the  amount  formed,  however,  is  always  small,  and  does  not  increase  on 
standing.  The  best  method  of  preparing  it  is  to  pass  a  few  bubbles  of  hydro- 
chloric acid  or  sulphurous  anhydride  into  the  pure  aldehyde,  and  then  to  cool  it 
by  ice,  or  still  better,  by  a  mixture  of  ice  and  salt ;  after  an  hour  or  so  the  crystals 
are  separated  by  filtration,  and  the  residue  is  distilled  with  a  small  quantity  of 
sulphuric  acid,  the  distillate  being  collected  in  a  well-cooled  receiver.  A  fresh 
quantity  of  metethaldehyde  then  forms  in  the  distillate,  and  a  considerable 
quantity  may  be  prepared  if  these  operations  are  repeated  sufficiently  often  ;  some- 
times it  is  desirable  to  add  a  further  small  quantity  of  the  substance  originally 
employed  to  effect  the  change  to  the  distillate,  or  to  distil  nearly  to  dryness,  which 
produces  a  sufficient  amount  of  sulphurous  anhydride.  Crystals  of  metethalde- 
hyde often  form  on  pieces  of  calcic  chloride  placed  in  pure  ethaldehyde. 

Metethaldehyde  appears  to  crystallize  in  forms  belonging  to  the  quadratic 
system.  When  rapidly  heated,  it  suddenly  sublimes  in  small  needles.  When 
thus  sublimed,  however,  a  portion  undergoes  conversion  into  ethaldehyde,  and  it 
may  be  entirely  depolymerized  by  heating  at  112° — 115°  in  closed  tubes  for 
several  hours.  It  is  insoluble  in  water,  and  only  slightly  soluble  in  cold  alcohol, 
benzene,  or  ether  ;  it  is  somewhat  more  soluble  in  the  hot  liquids,  and  crystallizes 
out  in  long  needles  as  the  solutions  cool.  When  it  is  warmed  with  a  small 
quantity  of  dilute  sulphuric  acid,  pure  ethaldehyde  distils  over ;  in  presence  of  a 
small  quantity  of  hydrochloric  acid  gas,  it  gradually  disappears,  furnishing  a 
mixture  of  ethaldehyde  and  parethaldehyde.  Phosphoric  pentachloride  converts 
it  into  /3-dichlorethane.  It  is  not  altered  by  heating  with  ammonia  at  120° 
(248°  F.)  (Kramer  and  Pinner). 

The  manner  in  which  the  paraldehyde  and  metaldehyde  are  probably  formed 
from  ethaldehyde  has  already  been  explained  (p.  717),  where  the  constitution  of 
the  former  has  also  been  indicated.  At  present  there  are  no  data  which  enable  us 
to  decide  what  is  the  molecular  weight  of  metethaldehyde,  but  as  it  is  less  fusible 
and  also  less  soluble,  as  well  as  less  stable  than  parethaldehyde,  it  has  probably  a 
higher  molecular  weight  than  the  latter. 

(1627)  Condensation  of  Ethaldehyde. — Pare  ethaldehyde  is  not 
altered  when  heated  alone  or  with  water  at  100°  (212°  P.),  but  if  a 
mere  trace  of  hydrochloric  or  sulphuric  acid  or  of  zincic  chloride  be 
present,  the  aldehyde  is  converted  chiefly  into  crotonic  aldehyde 
(q.  v.),  C^HgO  =  CH3.CHzZCH.COH  ;  the  same  change  takes  place 
at  ordinary  temperatures,  although  much  more  slowly,  and  many 
salts  and  other  substances  besides  those  mentioned  induce  con- 
densation. Besides  crotonic  aldehyde,  higher  condensation  pro- 
ducts are  formed,  especially  if  the  heating  be  long  continued,  but 
these  have  not  yet  been  obtained  in  a  pure  state  (Kekule,  Ann. 
Chem.  Pharm.j  clxii.  196). 

If  well-cooled  ethaldehyde  be  saturated  with  hydrochloric  acid  gas,  the  latter  is 
at  first  absorbed,  but  after  a  time  two  layers  are  formed,  one  being  an  aqueous 
solution  of  hydrochloric  acid,  and  the  other  the  dichlorether  (CH3.CH  01)30.  If 
the  latter  be   allowed  to  remain  in  contact  with  the  acid,  it  rapidly  undergoes 
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change,  becoming  brown  and  after  a  time  completely  resinified  (Baeyer).  One 
of  the  products  of  this  change  is  crotonic  aldehyde,  and  a  second  is  a  crystalline 
chlorobutyric  aldehyde,  CgHgCl.COH,  formed  apparently  by  the  combination  of 
the  crotonic  aldehyde  with  hydrochloric  acid ;  sometimes  a  crystalline  compound 
of  the  formula  C^gH^jjCl^Og  is  also  obtained  (Kekule). 

If,  however,  i  pt.  of  ethaldehyde  be  mixed  with  i  pt.  of  water  and  2  pts.  of  a 
saturated  solution  of  hydrochloric  acid,  and  the  mixture  be  left  to  itself  for 
several  days  at  a  temperature  of  15° — 20°  (59° — 68°  F.),  aldol  or  oxy- 
hutyric  aldehyde  (q.  v.),  C^HgO^  =  CH3.CH(OH).CH2.COH,  is  produced  ( Wurtz). 

Hydriodic  acid  also  readily  acts  on  ethaldehyde  with  separation  of  water  and 
formation  of  condensation  products,  which  have  not  yet  been  examined,  however 
(Geuther  and  Cartmell,  Ann.  Chem.  Pharm.,  cxii.  16).  According  to  Ber- 
thelot,  ethane  is  produced  when  ethaldehyde  is  heated  with  hydriodic  acid  at  high 
temperatures. 

On  passing  trimethylaraine  into  an  ethereal  solution  of  ethaldehyde,  water 
separates,  and  condensation  products  are  formed  (Lubavin,  Deut,  chem.  Ges,  JBer., 
viii.  1684). 

Riban  (^Compt.  Send.,  Ixxv.  98)  states  that  sodium  dissolves  in  an  ethereal 
solution  of  ethaldehyde  with  evolution  of  hydrogen,  and  that  if  hydrochloric  acid 
gas  be  then  passed  into  the  liquid  until  it  is  slightly  acid,  and  it  be  subsequently 
evaporated,  &c.,  ethaldol  is  obtained ;  but  from  Borodin's  experiments  on  isopental- 
dehyde  (Deuf.  chem.  Ges.  Ber.,  v.  480)  it  appears  probable  that  the  hydrogen 
evolved  cannot  have  been  derived  from  the  aldehyde,  and  that  the  alteration  of 
the  latter  was  caused  by  the  sodic  hydrate  or  ethylate  formed  from  the  water  or 
alcohol  present  in  the  ether.  Riban  also  obtained  condensation  products  of 
ethaldehyde  by  heating  it  with  zinc  turnings  at  100°  (212°  F,). 

(1628)  Action  of  Chlorine  and  Bromine  on  Ethaldehyde. — The 
nature  of  the  product  obtained  by  the  action  of  chlorine  on  ethalde- 
hyde depends  on  the  conditions  of  experiment.  Thus^  when  ethalde- 
hyde is  poured  into  glass  flasks  filled  with  chlorine,  acetic  chloride, 
CH3.COCI,  and  the  chloracetin  of  aldehydrol,  CHg.CHCl.OCgHgO, 
are  the  chief  products  ;  these  substances  are  also  formed  on 
passing  chlorine  into  an  ice-cold  mixture  of  tetrachloromethane 
with  one-tenth  of  its  weight  of  ethaldehyde  in  sunshine  (Wurtz, 
Compt.  Rend.,  Ixxiii.  528).  .  If,  however,  a  well-cooled  aqueous 
solution  of  the  aldehyde  be  submitted  to  the  action  of  chlorine, 
trichlorethaldehydrol  or  chloral-hydrate,  CCl3.CH(OH)2,  is  the 
final  product :  but  in  this  case  we  must  assume  that  ethaldehydrol, 
CH3.CH(OH)2,  and  not  ethaldehyde,  CH3.COH,  is  acted  upon, 
and  hence  the  difierence  in  the  results.  On  passing  chlorine  into 
ethaldehyde  cooled  to  — 10°  (14°  F.),  the  gas  is  entirely  absorbed, 
but  after  a  time  the  liquid  becomes  filled  with  needles  of  met- 
ethaldehyde;  on  continuing  to  pass  the  chlorine,  a  colourless, 
heavy  liquid,  consisting  of  an  aqueous  solution  of  hydrochloric 
acid,  collects  at  the  bottom  of  the  vessel,  and  finally  a  yellow  or 
brownish  syrupy  mass  more  than  double  the  weight  of  the 
aldehyde  taken  is  obtained,  very  little  hydrochloric  acid  being 
evolved.    Parethaldehyde  furnishes  a  precisely  similar  product,  but 
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is  much  less  violently  acted  on.  In  this  manner  the  ethaldehyde 
is  finally  converted  into  trichlorotetraldehyde,,  CgH^CL.COH 
(Kramer  and  Pinner  ;  Pinner,  Ann.  Chem.  Pharm.,  clxxix.  2]},  the 
formation  of  which,  however,  is  undoubtedly  the  end  result  of  a 
long  series  of  changes  :  in  the  first  place  a  certain  quantity  of 
acetic  chloride  is  probably  produced,  but  the  hydrochloric  acid 
liberated  in  its  formation  rapidly  induces  the  conversion  of  the 
aldehyde  in  part  into  polymerides  and  in  part  into  crotonic  alde- 
hyde ;  later  on,  however,  these  polymerides  doubtless  also  undergo 
conversion  into  crotonic  aldehyde,  under  the  influence  of  the 
hydrochloric  acid.  The  crotonic  aldehyde  thus  produced  then 
either  combines  with  hydrochloric  acid,  forming  a  chlorotetralde- 
hyde,  which  is  acted  upon  by  the  chlorine  and  further  chlori- 
nated ;  or  it  combines  with  chlorine,  and  the  resulting  dichlor- 
aldehyde  is  converted  into  trichloraldehyde  by  the  further  action 
of  the  chlorine  ;  or  it  becomes  partially  chlorinated,  and  then 
unites  either  with  hydrochloric  acid  or  chlorine.  The  water 
produced  in  the  formation  of  the  crotonic  aldehyde  doubtless 
plays  a  useful  part  in  preventing  the  formation  of  acetic  chloride, 
or  of  chlorides  corresponding  to  the  aldehydes  produced,  by 
combining  with  these  latter,  so  that  really  the  aldehydrols  and 
not  the  aldehydes  are  acted  upon  by  chlorine. 

Bromine  acts  even  more  violently  than  chlorine  on  ethaldehyde, 
and  in  order  therefore  to  examine  its  action  it  is  necessary  to 
dilute  the  aldehyde  ;  but  parethaldehyde  being  less  violently  acted 
upon  is  more  conveniently  employed.  When  bromine  is  care- 
fully added  to  a  well-cooled  solution  of  parethaldehyde  in  two  or 
three  times  its  weight  of  carbonic  bisulphide,  the  reaction  appears 
to  take  place  in  precisely  the  same  way  as  when  chlorine  is  em- 
ployed, hydrobromic  acid  being  evolved,  while  water  is  seen  to 
separate;  but  on  distilling  the  product  it  is  entirely  decomposed. 
If,  however,  ethylic  acetate  be  employed  as  diluent,  the  di-  and 
tri-brominated  derivative  of  ethaldehyde  are  readily  produced  ;  ap- 
parently monobromethaldehyde  cannot  be  prepared  in  this  manner, 
the  product  obtained  on  adding  bromine  to  a  solution  of  ethalde- 
hyde in  the  requisite  proportions  being  entirely  decomposed  on 
distillation  (Pinner,  loc,  cit.,  p.  67).  Iodine  is  dissolved  by 
ethaldehyde,  but  apparently  is  without  action  upon  it. 

(1629)  Combination  of  Ethaldehyde  with  Acid  Sulphites. — 
Ethaldehyde  dissolves  in  a  concentrated  solution  of  hydric  potassic 
sulphite  with  considerable  development  of  heat,  and  if  the  clear 
solution  be  concentrated  over  sulphuric  acid,  the  compound 
CH3.CH(OH).S03K  is  obtained  as  a  hard  crystalline  mass  con- 
sisting of  needles  grouped  together  in  bundles.      This  salt  may  be 
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preserved  unchanged  under  ordinary  conditions^  but  is  decomposed 
at  100°  (212°  F.),  and  also  on  heating  its  aqueous  solution  ;  in  the 
latter  case  ethaldehyde  and  sulphurous  anhydride  are  given  off, 
potassic  sulphite  remaining  in  solution.  It  is  also  decomposed 
by  alkaline  carbonates,  with  formation  of  ethaldehydrol  and  a 
normal  sulphite. 

The  corresponding  sodium  compound  is  prepared  in  a  similar  manner ;  it  is 
extremely  soluble  in  water,  crystallizing  from  the  solution  on  slow  evaporation 
in  glistening  plates  of  the  composition  2CH3.CH(0H).mS0.  +  OH^.  The 
barium  compound,  (CH3.CH(OH).S03)2Ba,  may  be  prepared  by  adding  a  slight 
excess  of  ethaldehyde  to  a  solution  of  sulphurous  acid,  then  neutralizing  with  baric 
carbonate,  and  adding  alcohol  to  the  clear  solution,  when  it  is  thrown  down  as  a 
glistening  precipitate.  The  aqueous  solution  of  this  salt  is  decomposed  by 
boiling,  either  alone  or  with  sodic  carbonate  or  baric  hydrate,  but  it  is  not  altered 
by  carbonic  or  sulphurous  acids. 

These  compounds  of  ethaldehyde  (and  of  its  homologues)  with  the  acid  sulphites 
may  be  regarded  either  as  derivatives  of  sulphurous  or  of  sulphuric  acid,  thus : 

CH  CH 

I  I 

I.    CH.UH  II.   CH.OH 

I  I 

O.SO^Na  SOgNa. 

Their  slight  stability  would  appear  to  favour  the  former  assumption,  but 
there  is  evidence  of  the  latter  being  the  more  probable.  Thus  when  /3-dichlor- 
ethane,  CH3.CHCI2,  is  heated  with  a  solution  of  sodic  sulphite  in  sealed  tubes  at 
about  140°  (284°  F.),  one  half  the  chlorine  is  displaced  by  the  group  SO^Na, 
and  the  sodic  salt  of  a  body  which  from  its  behaviour  is  undoubtedly  a  sulpho- 
acid  is  produced ;  but  this  is  not  the  only  product  of  the  reaction :  the  contents 
of  the  tubes  exhibit  an  acid  reaction  and  smell  of  sulphurous  acid,  the  more  so  the 
higher  the  temperature  to  which  it  has  been  heated  and  the  longer  the  heating  has 
been  continued,  and  on  distillation  with  acid  ethaldehyde  is  obtained.  Ethalde- 
hyde is  also  produced  on  heating  the  pure  chlorosulpho-salt  with  20  times  its 
weight  of  water  for  24  hours  at  140''  (284°  F.)  (Bunte,  Ann.  Chem.  JPharm., 
clxx,  305).  From  this  there  can  be  little  doubt  that  by  the  action  of  the 
sulphite  on  the  dichlorethane,  sodic  chlorethylsulphonate  is  first  produced: 

CH,.CHCl2   +    SOgNa^    =   CHg.CHCl.SOgNa   +   NaCl, 

and  that  this  is  then  decomposed  by  the  water  and  converted  into  sodic  oxethyl- 
sulphonate  and   hydrochloric  acid,  or  oxethylsulphonic  acid  and  sodic  chloride : 

CH3.CHCl.S03Na    +    OH,   =    CH3.CH(OH).S03Na    +    HCl. 

The  formation  of  an  oxethylsulphonic  acid  in  this  manner  from  ethaldehyde  is 
analogous  to  that  of  the  isomeric  sulpho-acid,  the  so-called  isethionic  acid,  from 
ethylenic  oxide,  the  isomeride  of  ethaldehyde  : 


CHJ 

CH,.OH 

1        '      0         +         H,S03        : 

=      1     ' 

chJ 

CK.SO,H 

the  sulpho-acid  and  its  salts  derived  from  ethaldehyde,  like  all  compounds  in  which 
several  negative  radicles  are  associated  with  the  same  carbon  atom,  being  a  body 
of  slight  stability,  whereas  the  isomeric  body  in  which  the  negative  radicles  are 
associated  with  different  carbon  atoms  is  comparatively  a  very  stable  compound. 
When  ethaldehyde  is  dissolved  in  a  solution  of  hydric  ammonic  sulphite,  and 
the   liquid  is  concentrated   by  evaporation    over    sulphuric  acid,  crystals  are 
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obtained  of  a  compound  which  has  the  formula  C^HgNO^S,  and  therefore,  con- 
tains the  elements  of  a  molecule  of  water  less  than  would  be  the  case  with  a 
bod}'  formed  b}'  the  union  of  ethaldehyde  and  hydric  ammonic  sulphite.  A  sub- 
stance of  the  same  composition  is  obtained  on  passing  sulphurous  anhydride  into 
an  alcoholic  solution  of  the  compound  of  ethaldehyde  and  ammonia.  Both  crys- 
tallize in  small  needles,  but  the  former  requires  somewhat  more  than  six  times 
its  weight  of  water  at  16°  (6o°'8  F.)  to  dissolve  it,  whilst  the  latter  dissolves  in 
less  than  one  and  a  half  parts  ;  the  former  also  is  scarcely  altered  when  heated  at 
100°  (212°  F.),  whereas  the  latter  rapidly  loses  weight  and  is  converted  into  a 
brown  resinous  mass  (Bunte,  loc.  cit.).  Perhaps  the  most  probable  explanation 
of  the  formation  of  these  two  compounds  is  afforded  by  the  following  equations  : 

CH^.COH  +  HS03NH^  =  CH3.CH  |  ^^^'  =  CH3.CH  {  ^^  }  +  OH 


2* 
3 


ch3.ch|^^^  +  so,  =  ch3.ch{^2-^(^^^^ 

(1630)  EthaldehydrolChloracetin;  Chlorethylic  Acetate:  CH3.CHC1(C„H302). 
— This  compound  is  formed  by  the  direct  union  of  ethaldehyde  and  acetic  chloride, 
when  a  mixture  of  these  two  substances  is  heated  at  100°  (212°  F.).  It  is  a 
mobile  liquid  lighter  than  water,  which  slowly  decomposes  it,  boiling  at 
120"— 124°  (248°— 255°-2  F.)  (Maxwell  Simpson,  Compt.  Rend.,  xlvii.  874). 
By  the  action  of  potassic  acetate  it  is  converted  into  ethaldehydrol  diacetiuy 
CHg.CHlC.HgO^).^  (R.  Schiff",  Deut.  chem.  Ges.  Ber.,  ix.  304),  which  is  also 
formed  on  heating  a  mixture  of  ethaldehyde  and  acetic  anhydride  for  about  twelve 
hours  at  180°  (356°  F.) ;  it  boils  at  169°  (336°'2  F.),  but  appears  to  undergo 
slight  decomposition  (Geuther,  Ann.  Chem.  Pharm.,  cvi.  229), 

The  formiition  of  the  monochlorether,  CHg.CHCl.OC^Hj,  on  passing 
hydrochloric  acid  gas  into  a  solution  of  ethaldehyde  in  alcohol,  and  of  acetal, 
CH  .CH(0C,H.)2  on  heating  ethaldehyde  with  alcohol  has  already  been  described 
(pp.  671,  680).  The  production  of  the  former  may  be  regarded  as  the  result 
of  the  action  of  the  hydrochloric  acid  on  the  compound  CH3.CH(OH).OC2H5, 
formed  by  the  union  of  the  aldehyde  with  the  alcohol. 

(1631)  Cyanethylic  Alcohol :  CHg.CH(CN).OH. — Anhydrous  hydrocyanic 
acid  and  ethaldehyde  gradually  combine  to  form  this  compound  when  the  mixture  of 
the  two  substances  is  left  at  rest  for  ten  or  twelve  days  at  20° — 30°  (60° — ^6°  F.) ; 
heating  at  100°  (212°  F.)  apparently  does  not  facilitate  their  combination.  It 
is  a  colourless  liquid,  of  sharp  bitter  taste,  miscible  with  water  in  all  proportions ; 
it  is  scarcely  altered  when  heated  at  150°  (302°  F.),  but  on  distillation  boils 
at  about  180'' — 184°  (356° — 363°'2  F.),  being  partially  resolved  into  its 
generators.  It  may  also  be  heated  with  water  at  1 50°  (302°  F.)  for  three  or  four 
hours  without  change  ;  alkalies  decompose  it,  however,  with  separation  of  ethalde- 
hyde, and  concentrated  hydrochloric  acid  at  once  acts  upon  it  at  ordinary 
temperatures,  but  the  two  substances  may  be  mixed  at  0°  {2>'2°  F.),  and  if 
the  temperature  of  the  mixture  be  then  gradually  allowed  to  rise  it  soon 
solidifies  to  a  mass  of  crystals,  the  cyanide  being  converted  into  lactic  acid : 
CH3.CH(0H).CN  +  20H^  +  HCl  =  CH3.CH(0H).C00H  +  NH^Cl  (Simpson  and 
Gautier,  Compt.  Bend.,  Ixv.  414).  Lactic  acid  is  also  formed  when  a  mixture 
of  ethaldehyde  and  of  solutions  of  hydrocyanic  and  hydrochloric  acids  is  gently 
heated  for  some  time. 

(1632)  Trigenic  Acid:  C^H^NgOg. — On  passing  the  vapour  of  cyanic  acid  over 
ethaldehyde,  violent  action  takes  place,  the  liquid  entering  into  ebullition,  and 
carbonic  anhydride  being  evolved  ;  finally  the  whole  solidifies  to  a  mass  resembling 
calcined  borax,  and  on  boiling  this  for  some  time  with  moderately  strong  hydro- 
chloric acid  a  solution  is  obtained  from  which  trigenic  acid  crystallizes  out  on 
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cooling  in  small  colourless  prisms.  It  is  probably  formed  by  the  displacement 
of  one  of  the  CO  groups  in  the  so-called  cyanuric  acid  (1145)  ^J  ^^^  group 
CH3.CH,  and  the  name  trigenic  acid  is  therefore  a  misnomer ;  when  ammonia 
and  argentic  nitrate  are  added  to  its  aqueous  solution,  a  colourless  crystalline 
precipitate  of  the  siker  derivative  C^HgAgNgOj  is  thrown  down. 

(1633)  Action  of  Ammonia  and  of  Amines  on  Ethaldehyde. — On. 
passing  ammonia  gas  into  a  solution  of  ethaldehyde  in  ether,  crystals 
are  obtained  of  so-called  aldehyde  ammonia,  which,  however,  from 
the  manner  in  which  it  is  formed  and  from  its  properties,  may  be 
regarded  as  amidoethylic  alcohol:  CH3.CH(NH2).OH.  It  crys- 
tallizes in  well  formed  colourless  rhombohedra,  possessing  a 
peculiar  odour  like  that  of  mouse  excrement,  very  soluble  in 
water,  but  less  soluble  in  alcohol  and  still  less  so  in  ether ;  it 
melts  between  70°  and  80°  (158° — 176°  F.),  and  decomposes  when 
heated  higher  under  the  ordinary  atmospheric  pressure,  but  under 
a  low  pressure  it  may  be  volatilized  unchanged  :  thus  Schroeder 
states  that  in  two  experiments  with  Hofmann's  apparatus  (p.  36) 
at  100°  and  160°  (3i:j°  and  320°  F.)  respectively,  he  obtained  the 
numbers  30*33  and  30*36,  the  theoretical  density  being  30*5 ;  at 
185°  {^6^°  F.),  however,  the  density  was  only  27*77:,  indicating 
that  partial  decomposition  had  taken  place  [Deut.  chem,  Ges.  Ber., 
iv.  470). 

It  is  readily  decomposed  by  acids,  ethaldehydrol  being  formed, 
so  that  ethaldehyde  is  obtained  from  it  on  distillation  with  dilute 
acids ;  no  ammonia  is  produced  on  treating  it  with  alkalies  in 
the  cold.  Acetic  chloride  and  anhydride,  and  phosphoric  penta- 
chloride  at  once  resolve  it  into  ethaldehyde  and  ammonia,  and 
then  act  upon  these  separately  (R.  SchifF). 

(1634)  Comjpounds  formed  from  Amidoethylic  Alcohol  [Aldehyde- Ammo- 
nia).— If  kept,  especially  when  moist,  the  crystals  of  aldehyde-ammonia  become 
yellow  ;  this  change,  according  to  Lubavin  (^Deut.  chem.  Ges.  Ber.,  viii.  1684),  is 
due  to  the  action  of  the  carbonic  acid  from  the  air.  According  to  Strecker  {Ann. 
Chem.  I*harm.,Sup.,  vi.  2  5 5),  if  aldehyde-ammonia  moistened  with  water,  alcohol, 
or  ether,  be  left  to  itself  for  a  considerable  period,  it  is  converted  into  aldehydin, 
a  basic  substance  of  the  composition  CgH.^N^  =  3CH3.CH(NH2)OH  -  3OH2-  NH3. 
Schiff  has  obtained  the  same  substance  by  allowing  a  solution  of  ethaldehyde  in  an 
excess  of  a  not  too  concentrated  alcoholic  solution  of  ammonia  to  stand  for  five 
or  six  months  in  a  closed  flask  (ibid.,  p.  i).  It  is  an  amorphous  substance, 
very  soluble  in  water  and  alcohol,  forming  an  unstable  hydrochloride  with  two 
molecules  of  hydrochloric  acid,  and  a  granular  cr3'stalline  platinochloride  of  the 
composition  PtClgN^CgHj^^.  When  heated  with  water,  it  yields  oxytrialdin 
and  ammonia:  C^H^^N^  +  OH^  =  NH3  +  CgH^.NO  (Schiff).  This  compound  ig 
also  amorphous ;  it  combines  with  only  a  single  molecule  of  hydrochloric  ^id. 
It  is  not  appreciably  altered  by  heating  at  150°  (302°  F.),  but  is  decomposed  at 
higher  temperatures ;  phosphoric  pentachloride  only  slowly  acts  upon  it,  the 
greater  part  becoming  carbonized. 

By   heating  aldehyde-ammonia    with   alcohol  in  closed  vessels,  still  more 

3  3  b 
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complex  substances  are  formed,  bodies  which  Schiff  has  termed  oxytetraldin, 
CgH^gNO,  and  oxypentaldin,  Cj^H^gNO,  being  obtained  when  the  temperature  is 
maintained  at  about  no''— 120°  (230" — 248°  F.)  for  twenty-four  hours; 
oxytetraldin  is  also  the  chief  product  of  the  decomposition  of  aldehyde-ammonia 
in  open  vessels  at  about  100°  (212°  F.).  If  the  product  obtained  by  heating 
aldehyde-ammonia  with  anhydrous  alcohol  at  120° — 130°  (248°— 266°  F.)  for 
twelve  hours,  be  distilled  from  the  water  bath  until  a  drop  of  the  liquid  which 
passes  oyer  diluted  with  water  is  rendered  turbid  by  the  addition  of  alkali,  and 
the  residue  be  then  distilled  in  a  current  of  superheated  steam,  finally  at  a 
temperature  of  180°  (356"  F.),  after  which  it  is  distilled  alone,  an  oily  distillate 
is  obtained  from  which  a  considerable  quantity  of  collidine,  CgH^^N,  may  be 
separated  by  shaking  it  with  hydrochloric  acid,  neutralizing  the  acid  liquid  with 
alkali,  drying  the  oil  which  separates  over  solid  potassic  hydrate,  and  then 
submitting  it  to  fractional  distillation.  Other  basic  substances  of  lower  and 
higher  boiling  point,  amongst  them  a  body  apparently  polymeric  with  collidine, 
and  bodies  free  from  nitrogen  are  also  formed  (Ador  and  Baeyer,  Ann.  Chem. 
Pharm.,  civ.  294).  Collidine  is  one  of  several  basic  substances  contained  in  the 
so-called  Dippel's  oil,  obtained  by  distilling  bones ;  it  is  also  produced  on  heating 
i3-dichlorethane,  CH^-CHCl^,  with  aqueous  ammonia  at  160°  (320°  F.)  (Kramer, 
Deut.  chem.  Ges.  Ber.,  iii.  262).  Its  formation  from  ethaldehyde  is  doubtless 
the  end  result  of  a  series  of  changes,  crotonlc  aldehyde  or  its  ammonia  com- 
pound being  probably  first  produced  ;  the  withdrawal  of  the  elements  of  a  single 
molecule  of  water  from  the  latter  obviously  would  furnish  a  body  of  the  composi- 
tion of  oxytetraldin,  whilst  if  the  elements  of  two  molecules  of  water  were  split 
off,  a  body  of  the  composition  of  collidine  would  be  obtained. 

Aldehyde-ammonia  readily  enters  into  reaction  with  a  number  of  other 
substances.  When  it  is  heated  with  a  mixture  of  hydrocyanic  acid  and  dilute 
hydrochloric  acid,  alanine  or  amidopropionic  acid  is  obtained ;  it  may  be  sup- 
posed that  in  the  first  instance  an  amidocyanethane  is  produced: 

CH3.CH(NH,)0H    +    HC]>[   =    CH3.CH(NHJCN    +    OH,, 

which  is  afterwards  converted  into  alanine : 

CH,.CH(NH,)CN    +   2OH,   +    HCl  =    CH3.CH(NHJC00H    +    NH^Cl. 

But  the  formation  of  alanine  would  appear  to  be  preceded  by  that  of  more  com- 
plex bodies.  Thus  on  evaporating  a  solution  of  aldehyde-ammonia  in  aqueous 
hydrocvanic  acid  on  the  water  bath,  a  residue  is  obtained  from  which  ether 
extracts  the  compound  C^H^^N^  =  3CH3.CH(NHj0H  +  3HCN-NH3  -  3OH,. 
It  crystallizes  in  long  needles,  which  sublime  undecomposed ;  it  does  not  furnish 
a  precipitate  with  silver  solutions,  and  no  evidence  of  its  containing  the  cyanogen 
group  is  obtained  on  treating  it  with  alkali  and  a  ferrous  salt;  by  dissolving  it 
in  hydrochloric  acid  and  allowing  the  solution  to  evaporate  spontaneously  a 
crystalline  hydrochloride  is  obtained  (H.  Strecker,  Ann.  Chem.  Pharm.,  cxxx. 
222).  If,  however,  aldehyde-ammonia  be  dissolved  in  hydrocyanic  acid  solu- 
tion, and  sufficient  dilute  hydrochloric  acid  be  added  to  render  the  mixture 
distinctly  acid,  and  it  be  then  left  to  itself  in  a  closed  vessel,  the  liquid 
sooner  or  later  becomes  filled  with  crystals  of  hydrocyanaldin :  C^.^^N^  = 
3CH3.CH(NH2)OH  +  3HCN-30H2-2NH3,  especially  if  exposed  to  sun- 
light. This  compound  melts  at  a  high  temperature  and  sublimes  unchanged 
if'not  too  rapidly  heated  ;  its  aqueous  solution  is  not  precipitated  by  silver 
salts,  but  if  nitric  acid  be  added  and  the  liquid  boiled,  argentic  cyanide 
is  thrown  down  and  an  odour  of  ethaldehyde  is  apparent;  on  heating  it 
with  alkali,  ammonia  is  evolved  and  aldehyde-resin  is  formed ;  it  does  not 
combine    with  acids     (A.    Strecker,    ihid.,    xci.    349).       A    third    compound, 
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C,H^N3  =  2CH3.CH(NHJ0H  +  2HCN-20H,-NH3,  is  obtained  when  a 
mixture  of  -pure  potassic  cyanide  and  aldehyde-ammonia  is  decomposed  by 
means  of  a  spray  of  hydrochloric  acid ;  it  crystallizes  in  needles  melting  at 
67°  (i52°*6  F.),  and  decomposes  when  heated  higher.  It  is  decomposed  when 
heated  with  an  aqueous  solution  of  argentic  nitrate  in  the  manner  represented 
by  the  equation  : 

C,H^N3  +  2AgN03  +  2OH,  =  2CH3.COH  +  2AgCN  +  NH^NOg  +  HNO3, 

and  when  heated  with  hydrochloric  acid  yields  ethaldehyde  and  alanine  (Urech, 
Deut.  chem.  Ges.  Ber.,  vii.  m^). 

From  the  properties  of  these  different  substances  derived  from  aldehyde- 
ammonia,  it  appears  highly  probable  that  the  latter  is  first  converted  into  the 
compound  CHg.CH(NH2)CN,  and  that  even  if  the  alanine  be  not  directly  formed 
from  this,  the  more  complex  bodies  which  furnish  it  are  produced  from  this 
cyanamido-compound  by  the  union  of  several  molecules  and  simultaneous  elimina- 
tion of  the  elements  of  one  or  more  molecules  of  ammonia. 

When  a  mixture  of  aldehyde-ammonia  with  potassic  cyanide  and  cyanate  is 
acted  upon  by  acids,  a  crystalline  body  of  the  composition  of  lactylurea, 
C^HgN^Og,  is  produced,  which  yields  alanine,  carbonic  anhydride,  and  ammonic 
chloride,  when  heated  with  hydrochloric  acid  (Urech,  loc.  cit.). 

On  passing  sulphuretted  hydrogen  into  an  aqueous  solution  of  aldehyde- 
ammonia,  glistening  colourless  crystals  of  thialdin,  CgH^gNS^,  are  obtained  ;  the 
formation  of  this  body  is  probably  preceded  by  that  of  the  thio-compound  cor- 
responding to  aldehyde-ammonia,  thus : 

CH3.CH(NHJ.0H    -f-    SH^    =    CH3.CH(NHJ.SH   +    OH,; 

3CH3.CH(NHJ.SH         -    CH3.CH-NH-CH.CH3   -f    2NH3  +  SH,. 

S  -  CH-S 

Thialdin  may  also  be  prepared  by  the  action  of  ammonia  on  parathioethaldehyde, 
its  formation  from  which  may  be  regarded  as  the  result  of  the  displacement  of  one 
of  the  atoms  of  sulphur  by  the  group  (NH)" : 

CH,.CH— S    —   CH.CH3  CH3.CH— NH  —  CH.CH3 

I  I  +  NH    =  I  I  -I-  SH 

S  -  CH  —  S  ^  S  —  CH  —  S  ■' 

I  I 

CH3  CH3 

Parathioethaldehyde.  Thialdin, 

Thialdin  melts  at  43°  (i09°'4  F.)  ;  it  may  be  distilled  with  the  vapour  of  water, 
and  sublimes  unchanged  at  ordinary  temperatures,  but  decomposes  when  distilled 
alone.  It  dissolves  readily  in  acids,  and  forms  crystalline  salts  such  as  the 
hydrochloride  CgH^^NS^Cl ;  it  also  exhibits  the  behaviour  of  a  tertiary  amine  in 
combining  with  the  moniodoparaffins.  It  furnishes  precipitates  with  a  number 
of  metallic  salts,  which,  however,  rapidly  decompose,  metallic  sulphide  being 
formed ;  it  is  decomposed  when  warmed  with  a  solution  of  argentic  nitrate, 
ethaldehyde,  ammonic  nitrate,  and  argentic  sulphide  being  produced. 

A  corresponding  selenaldin,  CgH^gNSe,,  is  obtained  by  the  action  of  seleni- 
uretted  hydrogen  on  aldehyde-ammonia. 

On  adding  carbonic  bisulphide  to  an  alcoholic  solution  of  aldehyde-ammonia, 
the  alkaline  reaction  at  once  disappears,  the  temperature  rises,  and  in  a  few 
minutes  white  glistening  crystals  of  carhothialdin,  CgH^^N^S^,  separate  from  the 
solution.  Perhaps  the  bisulphide  unites  in  the  first  instance  with  the  amido- 
ethylic  alcohol  to  form  a  thiocarbonate,  thus: 

'    3b2 
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CI^s-CH  I  ^jj^  +  CS,  =  CS  I  s  CH(NH,).CH3, 
which  then  enters  into  reaction  with  a  second  molecule  of  the  amido- compound  : 

xS.CH(NH2).CH3  .S.CH(NH).CH3 

Cs^  +  NH,.CH(0H).CH3   =    CS^  |  +  2OH,. 

\0H  .  \NH.CH.CH3 

Carbothialdin  is  almost  insoluble  in  water,  but  dissolves  readily  in  hot  alcohol. 
It  is  immediately  dissolved  by  dilute  hydrochloric  acid,  and  is  reprecipitated 
unchanged  if  ammonia  be  then  added,  but  if  the  solution  be  allowed  to  stand  it 
coagulates  in  consequence  of  the  separation  of  a  yellowish  white  insoluble 
substance ;  on  boiling  it  with  an  excess  of  acid,  it  is  resolved  into  ethaldehyde, 
carbonic  bisulphide,  and  an  ammonic  salt.  It  furnishes  precipitates  with  a 
number  of  metallic  salts,  which  readily  decompose  on  standing. 

The  behaviour  of  ethaldehyde  with  the  amines  derived  from  the  paraffins  does 
not  appear  to  have  been  investigated.  When  aniline  and  ethaldehyde  are  mixed, 
a  violent  reaction  takes  place,  a  thick  brown  liquid  and  water  being  formed ;  if 
the  two  substances  are  previously  cooled  in  a  mixture  of  ice  and  salt,  and  then 
mixed,  the  reaction  also  takes  place  at  once,  but  the  product  is  only  yellow.  To 
complete  the  reaction,  the  mass  is  heated  at  100°  (212°  F.)  for  a  few  hours. 
The  product  then  consists  of  a  mixture  of  two  compounds  formed  by  the  action 
of  one  and  two  molecules  respectively  of  ethaldehyde  on  two  molecules  of  aniline, 
NH  .C  H  ,  and  which  are  represented  by  the  formulae : 

CH,CH  {  ™;^.^>  CH,.CH  {  N;«.H»  }  CH.bH, 

They  may  be  separated  by  means  of  boiling  alcohol,  in  which  the  former  is 
sparingly  but  the  latter  readily  soluble ;  only  the  former  has  been  obtained  in 
crystals  (Schiff,  Ann.  Chem.  Pharm.,  Sup.,  iii.  344). 

(1635)  -^^^^"^  of  Ethaldehyde  on  Acid  Amides. — By  heating  ethaldehyde 
with  acetamide,  CHg.C0(NH2),  in  sealed  tubes,  it  is  readily  converted  into  the 
compound  CH3.CH(NH.CO.CHg)2 ;  this  body  crystallizes  in  large  prisms,  which 
melt  at  169°  (336°"2  F.) ;  acids  decompose  it  with  formation  of  ethaldehyde 
(Tawildarow,  Beut.  chem.  Ges.  Ber.,  v.  477). 

Benzamide  yields  a  similar  compound :  although  this  amide  is  not  soluble  in 
pure  ethaldehyde,  it  readily  dissolves  on  the  addition  of  a  few  drops  of  dilute  hydro- 
chloric acid,  heat  being  developed ;  on  cooling,  the  solution  solidifies  to  a  white 
crystalline  mass  of  ethylidenedihenzamide,  CHg.CH(NH.C0.CgHg)2-  It  melts 
at  188°  (37o°"4  F.) ;  when  heated  with  dilute  acids,  it  is  readily  converted  into 
ethaldehyde  and  benzamide  (Nencki,  ibid.,  vii.  158).  The  same  compound  is 
formed  when  cyanobenzene  (benzonitrile)  is  added  to  a  solution  of  paretiial- 
dehyde  in  sulphuric  acid,  and  other  cyanides  yield  analogous  products  (Hepp 
and  Spiess,  ihid.,  ix.  1424). 

Ethylic  carbonate  (urethane),  NH^.CO.OC^Hj,  behaves  in  a  precisely  similar 
manner,  the  formation  of  the  compound  CH3.CH(NH.C0.0U2H5)2  taking  place 
at  once  on  the  addition  of  a  few  drops  of  hydrochloric  acid  to  the  solution  of 
urethane  in  ethaldehyde.  It  melts  at  126°  (258°*8  F.),  and  is  readily  decomposed 
by  acids  (Nencki).  The  same  compound  is  formed  when  a  mixture  of  acetal, 
CHj.CHCOCgHg)^.  and  urethane  with  concentrated  hydrochloric  acid  is  allowed 
to  stand  (Bischotf,  ibid.,  vii.  629). 

By  passing  chlorine  into  alcohol  saturated  with  the  vapour  of  hydrocyanic 
acid,  or  a  solution  of  mercuric  cyanide  in  alcohol,  Stenhouse  obtained  a  crystalline 
compound  of  the  formula  CgH^^Cl^N^O^.  On  repeating  these  experiments, 
Bischoff  {ibid.,  v.  80)  also  obtained  this  compound,  but  found  that  sometimeg 
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a  corresponding  monochlorinated  compound,  CgHj^gClN^O^,  was  formed,  the  latter 
being  more  frequently  produced  when  a  solution  of  mercuric  cyanide  was  em 
ployed ;  and  afterwards  he  succeeded  in  obtaining  this  monochlorinated  compound 
by  the  action  of  monochloracetal  on  urethane  in  presence  of  hydrochloric  acid. 
Hence  there  can  be  no  doubt  that  the  bodies  thus  obtained  are  chlorinated  derivatives 
of  ethylideneurethane,  mono-  and  dichloracetal  may  both  be  produced  by  the  action 
of  chlorine  on  alcohol  (p.  681),  and  as  hydrocyanic  acid  yields  cyanogen  chloride 
when  acted  upon  by  chlorine,  and  cyanogen  chloride  and  alcohol  yield  urethane  ; 
the  formation  of  bodies  derived  from  urethane  and  mono-  and  dichloracetal  by 
the  action  of  chlorine  on  a  mixture  of  hydrocyanic  acid  and  alcohol  is  therefore 
readily  understood. 

Urea,  CO(NH2)2,  readily  dissolves  in  a  mixture  of  ethaldehyde  with  an  equal 
volume  of  alcohol,  its  solution  being  attended  with  development  of  heat.  After 
a  few  hours  the  solution  begins  to  deposit  crystals,  and  finally  the  whole  solidifies 

to  a  mass  of  aggregates  of  small  needles  of  etJiylideneurea,  CHg.CH  ^  vr  it  f  CO. 

The  same  compound  is  obtained  if  an  aqueous  solution  of  ethaldehyde  be  employed. 
Moderately  concentrated  acids  at  once  reconvert  ethylideneurea  into  ethaldehyde  and 
urea  ;  it  appears  to  be  destitute  of  basic  properties  (Schifi",  Ann.  Chem.  Pharm.^ 
cli.  206).  A  corresponding  compound  is  formed  on  heating  thiourea,  CS(NH2)j, 
with  ethaldehyde  in  sealed  tubes  at  100°  (212°  F.)  (Reynolds,  Deut.  chem.  Ges. 
Ber.,  iv.  806). 

If  a  moderately  concentrated  solution  of  aldehyde-ammonia  and  thiourea  be 
heated  in  an  open  dish,  as  soon  as  it  begins  to  boil  it  solidifies  to  a  mass  of 
crystals  of  the  composition  C^H^^N^S  (Nencki,  ibid.,  vii.  162).  On  boiling  the 
aqueous  solution  of  this  compound,  it  is  gradually  decomposed  into  ammonia, 
thiourea,  and  ethaldehyde ;  its  formation  probably  takes  place  in  the  following 
manner : 

2NH,.CH(CH3).0H  +  CS(NH,),  =  ^'^^^^^^]^^  +  ^OH,; 

NH,.CH(CH3).HN  )  p^  _  ^^tt    .*.  NTT  i  CH(CH3).HN  ) 
NH^.CH(CH j.HN  P^  -  J>J^3  +  ^^  |  CH(CH3).HN  /  ^''• 

When  cyanogen  gas  is  passed  into  crude  ethaldehyde,  a  white  pulverulent  pre- 
cipitate of  the  composition  CgH^^N^O^  is  obtained  (Berthelot  and  Saint  Gilles, 
Compt.  Bend.,  Ivi.  1 1 7 1 ).  This  body  is  doubtless  derived  from  oxamide,  which 
is  the  first  product  of  the  action  of  water  on  cyanogen,  and  may  be  represented 
by  the  formula,  CH3.CH(NH.C0.C0.NHJ2-  ^^^  formation  in  this  manner 
explains  Liebig's  observation  that  when  a  small  quantity  of  ethaldehyde  is  added 
to  a  solution  of  cyanogen,  the  latter  remains  colourless,  gradually  depositing 
oxamide,  into  which  the  whole  of  the  cyanogen  ultimately  undergoes  con- 
version ;  whereas  without  the  aldehyde  the  solution  rapidly  becomes  brown, 
and  the  cyanogen  is  converted  into  ammonic  oxalate,  urea,  &c.  In  presence  of 
the  aldehyde  the  cyanogen  is  probably  converted  into  ethylideneoxamide,  which 
is  gradually  decomposed  by  the  water  into  ethaldehyde  and  oxamide ;  and  the 
aldehyde  thus  liberated  again  forms  ethylideneoxamide,  which  is  again  decom- 
posed, so  that  a  small  quantity  of  aldehyde  suffices  to  efiect  the  conversion  of  a 
large  amount  of  cyanogen  into  oxamide. 

The  isothiocyanates  also  enter  into  reaction  with  aldehyde-ammonia  (R. 
Schifi",  Deut.  chem.  Ges.  Ber.,  ix.  565). 

(1636)  Action  of  Aldehyde  on  Hydrocarbons. — Concentrated 
sulphuric  acid  at  once  decomposes  ethaldehyde,  so  that  products  of 
its  action  on  benzene  are  not  obtained  on  mixing  it  ^ith  q.  spll^tion 
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of  this  hydrocarbon  in  sulphuric  acid,  but  if  the  more  stable  pareth- 
aldehyde  be  carefully  dissolved  in  the  acid,  and  benzene  be  then 
added  to  the  solution,  the  hydrocarbon  diphenylethane  is  produced  : 

CH3.COH   +   2CgHg  =   CH3.CH(CgH5)2  +   OHg. 

Condensation  products  are  also  formed  by  the  action  of 
aldehyde  on  phenol  and  pyrogallol  in  presence  of  hydrochloric  or 
sulphuric  acid  (Baeyer,  Deut.  chem.  Ges.  Ber.,  vii.  1190). 

(1637)  Parathioethaldehtde. — On  passing  sulphuretted  hydrogen  into  an 
aqueous  t^olution  of  ethaldehyde,  the  liquid  becomes  turbid,  and  when  saturated 
deposits  a  viscid  oil  of  most  unpleasant  odour.  Weidenbusch  regarded  this  as  a 
compound  of  thioethaldehyde  and  sulphuretted  hydrogen,  but  Pinner  came  to  the 
conclusion  that  it  was  a  compound  of  ethaldehyde  and  thioethaldehyde  of  the 
formula  C^H^CCgH^S  {Deut.  chem.Ges.  Ber.,  iv.  257).  When  treated  with  acids, 
it  solidifies  to  a  crystalline  mass  of  parathioethaldehyde,  CgH^^Sg ;  it  has  recently 
been  stated  by  Klinger  {ibid.,  ix,  1893)  that  the  amount  of  parathioaldehyde  thus 
obtained  is  nearly  equal  to  the  amount  of  oil  acted  upon,  and  he  therefore  con- 
cludes that  the  oil  is  really  thioethaldehyde,  mixed  perhaps  with  a  small  quantity 
of  the  compound  CH3.CH(0H).SH,  which  doubtless  is  the  first  product  of  the 
action  of  sulphuretted  hydrogen  on  ethaldehydrol  (comp.  p.  719). 

If  sulphuretted  hydrogen  is  passed  into  an  acid  solution  of  ethaldehyde,  the 
solid  parathioaldehyde  at  once  separates.  It  crystallizes  in  brilliant  white  glistening 
needles,  soluble  in  alcohol  and  ether  ;  it  begins  to  sublime  at  45°  (113°  P.),  and 
may  be  volatilized  unchanged,  its  vapour  density  corresponding  with  the  formula 
^6-^12^3  (Hofmann,  ibid.,  iii.  588).  It  forms  a  crystalline  compound  with 
argentic  nitrate,  CgH^^Sg.zAgNOg,  which  is  obtained  on  adding  argentic  nitrate 
to  its  solution  in  alcohol.  When  parathioethaldehyde  is  warmed  on  the  water  bath 
with  acetic  or  benzoic  chloride,  a  violent  reaction  takes  place,  and  it  is  converted 
into  a  body  of  the  same  empirical  composition,  but  which  crystallizes  from  acetic 
acid  in  long  glistening  needles,  melting  at  125°  (257°  P.),  and  boiling  at 
145° — 150°  (^93° — 302°  P.)  almost  without  change.  This  modification  of 
thioethaldehyde  torms  two  crystalline  compounds  with  argentic  nitrate  of  the 
empirical  composition  CgH^gSg.AgNOg,  and  OgH^2S3.3AgN03  (Klinger,  loc.  cit.). 

(1638)  Haloid  Deeivatives  of  Ethaldehyde — Chloeethaldehyde. — 
According  to  Glinsky,  when  gaseous  monochlorethylene,  C^HgCl,  is  passed  into 
a  well-cooled  aqueous  solution  of  hypochlorous  acid  in  which  mercuric  oxide  is 
suspended,  it  is  readily  absorbed,  much  heat  being  developed ;  if  the  solution  be 
preserved  in  a  stoppered  flask,  a  crystalline  crust  iorms  at  the  bottom  of  the 
vessel,  consisting  of  a  compound  of  chloraldehyde  with  mercurous  chloride, 
CjjHgClO.Hg^Cljj.  If,  however,  the  liquid  be  distilled,  a  distillate  containing  the 
hydrate  of  monochloraldehyde  is  obtained.  This  hydrate  is  said  to  crystallize 
from  ether  in  flat  plates  of  the  composition  2C2H3CIO.OH2,  which  melt  at  about 
75°  (^^7°  ■^•)-  ^^  reduces  an  ammoniacal  solution  of  a  silver  salt,  and  oxidizes 
on  exposure  to  the  air,  forming  chloracetic  acid.  Sulphuric  acid  converts  it  into 
a  thick  brownish-yellow  oil.  It  unites  with  hydric  sodic  sulphite,  forming  the 
compound  (C2HgC10.HNaS03)2.0H2,  which  separates  from  boiling  alcohol  as  a 
bulky  white  crystalline  powder.  On  boiling  its  solution  with  potassic  iodide, 
iodaldehyde  is  produced.  On  treatment  with  potassic  cyanide  it  forms  an  oil 
which  is  converted  by  the  action  of  hydrochloric  acid  into  chlorolactic  acid  (Zeits. 
Chem.  [2],  iii.  676;  iv.  617  ;  vi.  513,  647). 

These  statements  with  regard  to  chloraldehyde  require  revision.     Probably 
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the   so-called  hydrate  is  a  hody  of  the  composition  (CH2C1.CH.0H)20,  formed 
by  the  action  of  water  on  the  compound  CHgCl.CHCi.OH,  which  is  perhaps  the 
first  product  of  the  action  of  hypochlorous  acid  on  monochlorethylene,  thus : 
CH2ZZCHCI    +    ClOH   =    CH^CICHCIOH ; 
2CH2CI.CHCI.OH   +   OH^  =    (CH,CLCH.OH)^0    +    2HCI. 
Chloraldehyde  would  doubtless  be  obtained  on  treating  monochloracetal,  which 
according  to  Bischoff  may  be  produced  by  the  action  of  chlorine  on  acetal  {Deut. 
chem.  Ges.  Ber.,  vii.  630),  with  sulphuric  acid.      According  to   Jacobsen  and 
Abeljanz,  monochloraldehyde  is  a  product  of  the  action  of  sulphuric  acid  and  of 
water  on  dichlorether  (p.  67  2),  but  it  has  not  been  isolated.     Hepp  {Deut.  chem. 
Ges.  Ber.,  vii.  1409)   has  obtained  a  number  of  chlorinated  hydrocarbons  by 
the  action  of  this  aldehyde — i.e.,  of  the  solution  of  dichlorether  in  sulphuric  acid, 
on  benzene  and  its  homologues. 

DiCHLORETHALDEHYDE  :  CHCl^.COH,  is  obtained  by  distilling  a  mixture  of 
dichloracetal  (p.  681)  with  4 — 6  vols,  of  sulphuric  acid  from  an  oil  bath  at  about 
130°  (266°  ¥.).  It  is  a  colourless  mobile  liquid,  boiling  at  88° — 90^ 
(190° "4 — 194°  JF.).  Dichlorethaldehyde  is  readily  converted  into  dichloracetic  acid 
by  oxidation  with  nitric  acid,  but  little  alteration  takes  place  on  passing  its 
vapour  mixed  with  air  over  heated  spongy  platinum.  When  poured  into  water 
it  first  sinks  to  the  bottom  and  then  dissolves,  forming  the  aldehydrol  (p.  514) 
(Paterno),  which  is  also  one  of  the  products  of  the  action  of  chlorine  on  a  solu- 
tion of  ethaidehyde  in  water  or  hydrochloric  acid  ( Wurtz).  When  left  to  itself,  it 
changes  into  a  white,  amorphous,  insoluble  polymeride,  which  may  be  depoly- 
merized  by  heating  at  120°  (248°  F.).  This  polymeride  alone  is  formed  when 
dichlorethaldehyde  is  mixed  with  a  small  quantity  of  hydrochloric  acid,  but  if 
dichlorethaldehyde  be  left  in  contact  with  sulphuric  acid,  it  is  converted  into  a 
crystalline  polymeride  easily  soluble  in  hot  alcohol,  but  almost  insoluble  in  water. 
It  melts  at  130"  (266°  P.);  if  heated  in  a  closed  tube  at  245° — 250° 
(473° — 482°  P.),  it  is  readily  reconverted  into  the  liquid  modification,  this 
change  taking  place  at  120° — 130°  (248° — 266°  F.)  in  presence  of  concentrated 
sulphuric  acid  (Jacobsen,  Deut.  chem.  Ges.  Ber.,  viii.  87). 

Teichloeethaldehyde  or  Chloral :  CCI3.COH. — This  compound  is  most 
readily  obtained  by  agitating  the  mixture  of  trichlethaldehydrol,  CCl3.CH(OH)2, 
and  of  its  monethylin,  CCl3.CH(OH).OC2Hg,  formed  on  saturating  anhydrous 
alcohol  with  chlorine  gas  (corap.  p.  429),  with  about  four  times  its  volume  of 
sulphuric  acid,  and  then  rectifying  the  oily  layer  which  separates.  It  may  be 
prepared  in  a  similar  manner  by  heating  trichloracetal  (p.  681)  with  sulphuric 
acid  at  150°  (302°  P.).  All  substances  which  furnish  ethaidehyde  on  oxidation 
furnish  trichlorethaldehydrol  on  distillation  with  hydrochloric  acid  and  manganic 
peroxide ;  hence  chloral  may  be  obtained  from  bodies  such  as  sugar  and  starch. 

Chloral  is  a  colourless  mobile  liquid,  of  peculiar  pungent  odour ;  its  vapour 
exercises  a  very  irritating  action  on  the  eyes,  and  the  liquid  acts  strongly  on  the 
skin.  It  boils  at  94°'5  (202°-i  P.),  and  at  18°  (64"-4  P.)  has  the  sp.  gr. 
1*502.  It  readily  undergoes  conversion  into  a  white  amorphous  polymeride 
(metachloral),  which  distils  at  about  180°  (356  P.),  being  reconverted  into 
liquid  chloral ;  this  change  apparently  requires  the  presence  of  a  foreign  sub- 
stance, but  is  effected  by  very  minute  quantities  of  the  polymerizing  agent  (comp. 
Grabowski,  Deut.  chem.  Ges.  Ber.,  viii.  1437).  Metachloral  is  insoluble  in 
and  unaffected  by  water,  alcohol,  and  ether. 

Chloral  is  reconverted  into  ethaidehyde  by  the  action  of  the  nascent  hydrogen 
furnished  by  a  mixture  of  zinc  and  hydrochloric  acid.  It  does  not  absorb 
oxygen  on  exposure  to  the  air,  but  is  converted  into  trichloracetic  acid, 
CCI3.COOH,  by  the  action  of  oxidizing  agents,  such  as  concentrated  nitric  acid, 
potassic  permanganate,  &c.     It  readily  combines  with  water,  forming  crystalline 
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trichlorethaldehydrol  or  chloralhydrate,  CClg.CH(0H)2  (p.  513),  much  heat 
being  developed  in  the  reaction.  In  a  similar  manner,  it  forms  compounds  with 
ethylic  alcohol  and  its  homologues  and  other  carbinols,  and  with  thioethylic 
alcohol  (comp.  i6oi),  glycol,  glycerol,  ethylic  lactate  and  tartrate,  and  indeed 
with  hydroxyl  compounds  generally  {Henry,  ibid.,  vii.  762).  It  also  unites  with 
acetic  chloride  and  acetic  anhydride,  forming  the  compounds  CCl^.CHC^C^HgOg) 
and  CC\.CR(C^l{fi^\  (Meyer  and  Dulk,  Ann.  Chem.  Pharm.,  clxxi.  65). 
Alkalies  convert  it  into  trichloromethane  or  chloroform,  and  a  formate:  CClgCOH 
+  KHO  =  CClgll  +  HCOOK.  When  distilled  with  phosphoric  pentachloride  it 
yields  pentachlorethane,  CHCI2.CCI3 ;  similarly,  the  chlorobromide  PClgBr^  con- 
verts it  into  dibromotrichlor ethane,  CClg.CHBr^,  which  boils  at  about  200° 
(392°  F.)  with  partial  decomposition  (Paterno). 

When  chloral  is  digested  with  a  concentrated  aqueous  solution  of  hydrocyanic 
acid,  it  is  converted  into  the  hydrocyanide,  CClg.CH(OH).CN,  which  on  digestion 
with  moderately  concentrated  hydrochloric  acid  yields  trichlorolactic  acid, 
CCl3.CH(0H).C00H  (Bischoffand  Pinner,  ^ww.  Chem.  Pharm.,  clxxix.  741). 
This  cyanide  is  probably  formed  from  the  aldehydrol  in  the  following  manner : 

CC1,.CH(0HX    +    HCN   =    CCl3.CH(0H).CN    +    OH,, 
for  it  is  not  produced  when  chloral  and  hydrocyanic  acid  alone  are  digested  together. 
It  crystallizes  in  rhombic  prisms,  which  melt  at  about  61°  (i4i°'8  F.).     It 
combines  directly   with    cyanic    acid,  forming  a  crystalline   compound  of  the 
formula  C^ClgHgN^O,  (Cech,  Deut.  chem.  Ges.  Per.,  viii.  1174). 

Concentrated  sulphuric  acid  is  without  immediate  action  on  chloral,  but  after 
a  time  converts  it  into  metachloral.  If,  however,  chloral  (?  chloral-hydrate)  be 
mixed  with  fuming  sulphuric  acid,  the  mixture  solidifies  after  some  time  to  a  crys- 
talline mass  of  the  composition  CgHgCl^^S.^^j ;  whilst  if  the  vapour  of  sulphuric 
anhydride  be  passed  into  chloral  (?  chloral-hydrate),  a  body  of  the  composition 
Cj^H^CljgSgOjg  is  obtained  (Grabowski,  Deut.  chem.  Ges.  Per.,  vi.  225,  1070). 
J>oth  are  decomposed  by  hot  water,  with  formation  of  sulphuric  acid  and  chloral- 
hydrate;  if  carefully  warmed  with  alcohol,  however,  the  latter  dissolves  un- 
changed, crystallizing  out  on  cooling  in  needles  which  melt  at  70°  (158°  F.). 
Grabowski  has  also  described  two  other  compounds  of  a  similar  kind.  The  rela- 
tion of  the  first  of  the  compounds  described  to  chloral-hydrate  may  be  represented 
by  the  following  formula  : 

CCl3.CH(0H).0  )  g^ 

CC.,CH(OHX  CCl,CHj^0/      ' 

CCLCH- 


-0) 


CC1,.CH(0H). 

If  the  mixture  of  chloral  and  pyrosulphuric  acid  be  heated  for  some  time,  so- 
called  chloralide,  C5H^Clg03,  is  obtained.  The  best  method  of  preparing  this 
body  is  to  heat  a  mixture  of  i  part  fuming  sulphuric  acid  and  3  parts  chloral 
in  a  retort  with  reversed  condenser  until  the  temperature  of  the  mixture  reaches 
105°  (221°  F.)  (Grabowski,  ihid.,  viii.  1433).  It  crystallizes  from  boiling 
alcohol  in  long  prisms,  possessing  a  faint  peculiar  odour,  which  melt  at  about 
115°  (239°  F.);  it  boils  at  268°  (5I4°*4  F.),  or,  according  to  Wallach,  at 
272°  (52i°*6  F.),  without  undergoing  the  least  decomposition.  The  formation 
of  chloralide  affords  an  extremely  interesting  example  of  condensation.  Wallach 
found  {ibid.,  viii.  1578)  that  when  it  was  treated  with  zinc  and  hydrochloric 
acid  in  alcoholic  solution,  ethaldehyde  and  dichloracrylic  acid,  Cgll^ClgO^,  were 
produced  ;  and  that  if  it  were  heated  in  sealed  tubes  with  alcohol  it  was  converted 
into  chloral  alcoholate  and  ethylic  trichlorolactate,  CCl3.CH(OH).COOC2Hg, 
the  latter  compound  being  identical  with  the  ethylic  salt  of  the  trichlorolactic  acid 
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obtained  from  chloral  as  described  on  p.  744.  He  was  thus  led  to  regard  it  as 
formed  from  trichlorolactic  acid  and  chloral  in  the  manner  represented  by  the 
following  equation,  and  succeeded  in  preparing  it  by  heating  a  mixture  of  these 
substances  at  150° — 160°  (302° — 320°  F.)  (ibid.,  ix.  545): 

CCI3.CH  I  ^^Qjj  +  CCI3.COH  =  cci3.ch|^q^|ch.cci3  +  OH,. 

Trichlorolactic  acid.  Chloral.  Chloralide. 

Tn  its  formation  from  chloral,  the  latter  is  probably  first  converted  into  chloro- 
lactide,  although  it  is  difficult  to  say  in  what  manner  the  change  takes  place,  and 
what  part  is  played  by  the  sulphuric  acid : 


CCI3.C0H  +  CCI3.COH  =  cci3.CH^7rv  +  CHCI3: 


{«} 


and  the  chlorolactide  thus  formed  then  enters  into  combination  with  a  molecule 
of  chloral : 

CCI3.CH  {  ^Q  I    +  CCI3.COH  -  CCI3.CH  I  ^^^  I  CH.CC1,. 

The  trichloromethane,  which  is  the  accessory  product,  is  decomposed  by  the 
sulphuric  acid  in  the  following  manner : 

CHCI3  +  H,S,Oy  =  CO  +   HCl  +   2SO3HCI. 
Chloral  forms  crystalline  compounds  with  acid  sulphites.     When  cold  con- 
centrated solutions   of  chloral- hydrate   and  of  potassic  sulphite  are  mixed,  the 
liquid  soon  solidifies  to  a  mass  of  glistening  crystalline  plates  of  the  compound 
CClg.CH(0H).KS03,  and  at  the  same  time  trichloromethane  is  produced : 

2CCl3.CH(0H),  +  K^SOg  =  CCl3.CH(OH).S03K  +  H.COOK  +  CHCI3  +  OH,. 

If  the  solution  be  heated,  other  products  formed  by  the  displacement  of  the 
chlorine  in  the  compound  CCl3.CH(0H).S03K  are  obtained — viz.,  a  difficultly 
soluble  salt  of  the  composition  CH(S03K)2.CH(OH).S03K  +  OH2,  and  a  very 
soluble  double  salt:  CC1(S03K),.CH(0H).S03K  +  2CHC1(S03K).CH(0H).S03K 
+  yOH,.  The  former  salt  is  decomposed  when  boiled  with  potassic  carbonate 
solution,  its  behaviour  being  similar  to  that  of  chloral- hydrate  itself: 

CH(S03K),.CH(OH).S03K  +  K.COg  =  CH,(SO,K),  +  K,S03  4  HCOOK  +  CO,. 

By  the  action  of  bromine,  or  of  hydrochloric  acid,  it  is  converted  into  potassic 
aldehydodisulphonate,  CH(S03K)2.COH,  which  readily  combines  with  the  acid 
sulphite  to  form  the  parent  salt ;  when  digested  with  bromine,  it  yields  the 
bromo-derivative,  CBr(S03K)2.COH,  which  on  mere  boiling  for  a  few  seconds 
with  potassic  sulphite  yields  the  original  salt,  CH(S03K)2.CH(OH).S03K. 
Pungent-smelling  volatile  products  are  also  formed  on  heating  chloral-hydrate 
with  potassic  sulphite,  so  that  probably  a  portion  of  the  former  is  reduced  to 
mono-  or  dichloraldehyde  hydrate  (Rathke,  Ann.  Chem.  Pharm.,  clxi.  149). 

Chloral  forms  a  crystalline  compound  with  ammonia,  CCl3.CH(OH).NH2 ; 
this  body  is  obtained  on  passing  ammonia  into  well  cooled  chloral,  much  heat 
being  developed  in  the  reaction,  so  that  unless  very  small  quantities  are  operated 
upon,  secondary  products  are  also  formed  ;  but  it  is  much  more  readily  produced 
by  passing  a  rapid  current  of  ammonia  gas  into  a  well  cooled  solution  of  chloral 
in  chloroform  until  the  whole  suddenly  solidifies  (R.  Schiflf,  Deut.  chem.  Ges. 
£er.,  X.  65).  On  treatment  with  concentrated  sulphuric  acid,  it  yields  chloral 
and  amnionic  sulphate ;  and  on  distillation  is  split  up  into  formamide, 
HCO.NH,,  and  trichloromethane.  By  the  action  of  acetic  chloride  at  the  ordinary 
temperature,  it  is  converted  into  the  compound  CCl3.CH(0H).NH(C2H30), 
which,  on  heating  with  acetic  chloride  at  120°  (248°  F.),  yields  the  compound 
CCl3.CH(C,H,0J.NH(C,H,0)  (R.  Schitfj.     The  primary  amines  derived  from 
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the  paraffins  behave  like  ammonia,  combining  directly  with  chloral,  and  yielding 
compounds  which  are  split  up  on  distillation  into  trichloromethane  and  a 
Ibrmamide.  Thus,  with  ethylamine,  it  forms  a  white  crystalline  compound, 
CCl3.CH(OH).NH(C2Hg),  which  on  distillation  yields  formethylamide, 
HC0.XH(C2Hg)  ;  similarly,  ethylenediamine  and  chloral  act  energetically  upon 
each  other,  forming  trichloromethane  and  diformylethylenediamide : 

(C^HJH^N^  +  2CCI3.COH  =  (HCOXN,H^(C,H^  +  2CHCI,, 
the  compound  first  formed   being  at  once  decomposed  (Hofmann,  Deut.  chem. 
Ges.  Ber.,  v.  247).     The  primary  amines  derived  from  the   hydrocarbons  of 
the  benzene  series  behave  somewhat  differently,  acting  on  chloral  as  on  ethalde- 
hyde.     Thus  with  aniline  it  enters  into  reaction  in  the  following  manner : 

CCI3.COH  +  2NH,.C^H^  =  CC13.CH(NH.C,HJ2  +  OH,. 
The  product  is  a  crystalline  substance,  which  is  very  readily  decomposed, 
aniline  hydrochloride  being  at  once  separated  on  passing  hydrochloric 
acid  gas  into  its  solution  in  benzene.  It  does  not  appear  to  possess  basic 
properties.  Paratoluidine,  NH^.CgH^.CHg,  like  aniline,  readily  enters  into  re- 
action with  chloral,  much  heat  being  developed,  and  forms  a  corresponding  com- 
pound, CCl3.CH(NH.CgH^.CH3)2;  if  alcohol  be  added  immediately  to  the  pro- 
duct of  the  reaction,  or  even  if  it  be  several  times  recrystallized  from  alcohol,  it 

{00  H 
Nil  r*H  ^OH  ^  ^^^^^  is 
remarkable  for  the  facility  with  which  it  crystallizes.  This  body  is  always 
formed  when  a  mixture  of  alcoholic  solutions  of  chloral  and  paratoluidine  is 
maintained  for  several  days  at  a  gentle  heat,  but  corresponding  compounds 
could  not  be  obtained  with  methylic  alcohol,  or  aniline,  or  xylidine,  although 
the  last-mentioned  substance  is  acted  upon  by  chloral  in  the  same  manner  as 
aniline  (Wallach,  Ann.  Chem.  PAarm.,  clxxiii.  274). 

Acid  amides  act  towards  chloral  like  ammonia,  combining  directly  with 
it ;  with  acetamide,  NH2.CO(CH3),  for  example,  it  forms  the  compound 
CCl3.CH(OH).NH.CO(CH3),  which  is  also  obtained  as  above  stated  on  treating 
the  compound  of  chloral  and  ammonia  with  acetic  chloride.  Benzamide  aud 
urea  furnish  similar  compounds,  the  latter  combining  with  one  and  two  molecules 
of  chloral  forming  bodies  which  may  be  represented  by  the  formulae : 

CC1,.CH(0H).(NH.C0.NHJ  and  C0(NH),.(CCl3.CH.0H), 
( Jacobsen,  ihid.,  clvii.  245  ;  Wallach,  loc.  cit).     In  presence  of  hydrochloric  or 
sulphuric  acid,  chloral  and  ethylic  carbonate  (urethane),  NH^.CO.OCgH^,  combine 
to  form  CCl3.CH(OH).NH.COOC2Hg  (Bischoff). 

When  chloral  is  brought  into  contact  with  trimethylamine,  a  vigorous  re- 
action takes  place,  and  a  brilliant  white  solid  substance  is  produced,  entirely  free 
from  nitrogen.  It  apparently  is  a  mixture  of  several  substances — probably  of 
polymerides  of  chloral — as  it  is  only  partially  dissolved  on  treatment  with  various 
solvents  (Meyer  and  Dulk,  ibid.,  clxxi.  76). 

On  passing  the  vapour  of  cyanic  acid  into  chloral,  it  is  absorbed  without 
much  heat  being  developed ;  the  saturated  solution  sometimes  solidifies  imme- 
diately, but  at  other  times  only  on  standing,  gas  being  also  in  some  cases 
evolved,  forming  a  vitreous  mass,  which  on  boiling  with  moderately  concentrated 
hydrochloric  acid  is  converted  into  a  granular  powder,  insoluble  in  water,  but 
soluble  in  alcohol  and  ether.  The  compound  thus  produced  has  the  composition 
CgHgClgNOg,  being  formed  of  the  elements  of  a  molecule  of  cyanic  acid  and  of 
two  molecules  of  chloral  (Bischoff,  Deut.  chem.  Ges.  Ber.,  v.  86). 

When  chloral  is  mixed  with  concentrated  sulphuric  acid  and  benzene,  it 
enters  into  reaction  with  the  latter,  forming  the  chlorinated  hydrocarbon 
CCl3.CH(CgH^)2  =  CCl,  COH  +  2C,H^  -  OH,.     The  homologues  of  benzene  and 
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other  hydrocarbons  in  which  the  carbon  atoms  are  united  in  a  closed  chain 
behave  with  chloral  in  a  precisely  similar  manner ;  a  number  of  the  products  so 
obtained  have  already  been  described  under  hydrocarbons.  The  phenols  also 
furnish  analogous  products,  thymol  yielding  the  compound  CCl3.CH(C^^H^2-^H)2 
(Jaeger,  ibid.,  vii.  1197). 

From  the  foregoing  description  of  trichlorethaldehyde,  it  will  be  evident  that 
it  manifest's  a  close  resemblance  to  ethaldehyde  in  many  of  its  properties,  the 
chief  difference  being  that  it  far  more  readily  enters  into  combination  with  other 
substances,  and  that  it  manifests  a  tendency  to  unite  directly  with  substances 
which  act  upon  it  rather  than  to  form  condensation  products  by  the  separation 
of  its  oxygen  in  combination  with  hydrogen  of  the  reacting  body — a  class  of 
reaction  which  is  especially  characteristic  of  ethaldehyde. 

Dibromethaldehyde  :  CHBr^.COH. — This  compound  may  be  prepared  by 
distilling  the  product  of  the  action  of  two  mols.  bromine  on  a  solution  of  one 
mol.  ethaldehyde  in  twice  its  bulk  of  ethylic  acetate,  and  agitating  the  portion 
which  passes  over  between  120° — 150°  (248° — 303°  F.)  with  3 — 4  vols,  of 
concentrated  sulphuric  acid ;  the  oil  separated  from  the  acid  is  then  submitted 
to  fractional  distillation.  It  is  a  heavy  oily  liquid,  very  easily  soluble  in 
water  and  alcohol,  with  which  it  combines;  it  boils  at  about  142°  (287°*6  F.). 
When  kept,  it  undergoes  conversion  into  a  white  solid  insoluble  polymeride.  It 
is  readily  decomposed  by  alkalies,  but  does  not  furnish  dibroraomethane. 

Tribromethaldehyde  or  Bromal :  CBrg.COH,  may  be  prepared  in  a  similar 
manner,  or,  like  chloral,  from  the  product  of  the  action  of  an  excess  of  bromine 
on  anhydrous  alcohol.  It  is  a  colourless  heavy  oil,  of  peculiar  pungent  odour, 
boiling  at  173°  (343°*4  F.) ;  it  appears  to  behave  in  every  respect  like  trichlor- 
ethaldehyde. 

(1639)  Higher  Homologues  of  Etha.ldehydb. — In  their 
general  properties  the  higher  homologues  appear  to  closely 
resemble  ethaldehyde;  but  as  the  series  is  ascended  they  become 
less  and  less  soluble  in  water ;  and  the  same  is  true  of  most  of 
their  derivatives,  as  compared  with  those  of  ethaldehyde.  Most 
noteworthy^  however,  is  the  fact  that  the  tendency  to  combine 
with  other  bodies,  and  the  stability  of  the  resultmg  compounds^ 
diminishes  as  the  series  is  ascended. 

(1640)  Propaldehyde  ;  Peoptonic  oe  Peopylic  Aldehyde  : 
CyllgO  =  CHg.CH^.COH.— This  aldehyde  has  been  prepared  by  the  oxidation  of 
propylic  alcohol,  and  by  distillation  of  a  mixture  of  calcic  propionate  and  calcic 
formate ;  it  is  produced  together  with  acetone  on  heating  )3-dichloropropane, 
CH3.CHC1.CH,C1,  with  water  at  210°— 220°  (410°— 428°  F.),  although 
3-di6rowiopropane  yields  only  acetone  when  thus  treated  (Linnemann,  Ann. 
Chem.  Pharm.,  clxi.  64). 

In  odour  and  appearance,  propaldehyde  closely  resembles  ethaldehyde,  but 
requires  five  times  its  volume  of  water  at  20°  (68°  F.)  to  dissolve  it;  according 
to  Linnemann  {loc.  cit,  p.  22)  its  corrected  boiling  point  is  48°'8  (ii9°'8  F.), 
but  according  to  Rossi  {ibid.,  clix.  79)  it  boils  at  49° '5  (i2i°-i  F.)  under  the 
pressure  of  740  mm.  of  mercury;  it  has  the  sp.  gr.  '8074  at  21°  (69°'8  F.). 
Propaldehyde  readily  oxidizes  on  exposure  to  the  air ;  it  dissolves  in  a  con- 
centrated solution  of  sodic  hydric  sulphite  with  considerable  development  of 
heat,  the  resulting  compound  remaining  in  solution :  it  is  very  readily  altered 
by  potassic  hydrate. 

(1641)  Tetealdehydes  :  C^^,QOB.— Normal    Tetr aldehyde  ;  Butyric 
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or  Buf^Uc  Aldehyde :  CH^.CH^.CH^.COH.— This  aldehyde  has  been  obtained 
by  distillation  of  a  mixture  of  calcic  butyrate  and  calcic  formate,  but  has  not 
yet  been  prepared  in  a  pure  state.  It  possesses  the  peculiar  penetrating  odour 
which  characterizes  its  lower  homologues,  and  boils  at  about  75°  (167°  F.)  ; 
it  requires  about  27  parts  of  water  to  dissolve  it  (Lieben  and  Rossi,  ibid., 
clviii.  148). 

{i642)Teiraldol;  Ox^buti/ricAldehi/deoYAldol :*CB.^.CB.{OB.).^R^.COH. 
— The  formation  of  this  compound  from  ethaldehyde  has  already  been  discussed 
(pp.  717 — 719).  To  prepare  it,  one  part  of  ethaldehyde  is  mixed  with  one  part  of 
water  and  two  parts  of  hydrochloric  acid,  and  the  mixture  is  left  to  itself  for 
several  days  at  a  temperature  of  15° — 20°  (59° — 68°  F.).  As  soon  as  it  has 
acquired  a  tawny  colour,  and  smells  but  slightly  of  ethaldehyde,  it  is  neutralized 
with  solid  sodic  carbonate,  and  agitated  several  times  with  ether  ;  the  ether  is 
then  distilled  off  from  the  extract,  and  the  residue  distilled  under  reduced 
pressure.  At  first  ether  and  water  pass  over,  and  afterwards,  between  90°  and 
105°  (194° — 221°  F.),  under  a  pressure  of  20  mm.,  the  tetraldol  di.stils  over 
as  a  colourless  limpid  liquid.  It  is  miscible  with  water  and  alcohol  in  all  pro- 
portions ;  when  heated  above  100°  (212°  F.)  under  the  ordinary  pressure,  it 
begins  to  decompose  at  about  135°  (275°  F.)  into  water  and  crotonic  aldehyde, 
C^HgOj  =  C^HgO  +  OHg.  It  is  a  powerful  reducing  agent,  precipitating  cuprous 
oxide  from  an  alkaline  solution  of  a  cupric  salt,  and  metallic  silver  from  an 
ammoniacal  solution  of  argentic  nitrate ;  it  is  violently  oxidized  by  nitric  and 
chromic  acids,  and  on  treatment  with  argentic  hydrate  is  converted  into  the 
silver  salt  of  the  so-called  /3-oxybutyric  acid,  CH3.CH(OH).CH2.COOH.  When 
submitted  to  the  action  of  nascent  hydrogen,  it  yields  the  glycol 
CH3.CH(OH).CH2.CH2.0H.  It  combines  with  ammonia,  forming  a  compound 
which,  on  decomposition  by  heat,  yields  collidine  or  an  isomeric  body  and  other 
basic  products. 

Tetraldol  rapidly  undergoes  polymerization.  Although  perfectly  limpid 
when  freshly  distilled,  it  soon  becomes  viscid,  the  change  being  attended  with 
development  of  heat,  and  if  allowed  to  stand  for  some  weeks,  crystals  separate. 
This  crystalline  polymeride  is  also  easily  soluble  in  water  and  alcohol  ;  it  begins 
to  soften  at  80°  (176°  F.),  and  distils  in  vacuo  between  90°  and  100"  (194° — 
212°  F.),  being  reconverted  into  the  liquid  modification. 

If  the  liquid  obtained  by  heating  ethaldehyde  with  water  and  hydrochloric 
acid  as  above  described  be  allowed  to  stand  until  it  acquires  a  brown  tint  and 
opaline  appearance,  and  be  then  neutralized  and  treated  with  ether,  &c.,  a 
crystalline  product  is  obtained  which  is  apparently  formed  from  tetraldol  in 
precisely  tUe  same  manner  that  crotonic  aldehyde  is  formed  from  ethaldehyde : 

2CH3.COH  =  CH3.CHzzCH.COH  +  OHj. 

Ethaldehyde.         Crotonic  aldehyde. 

2CH3.CH(0H).CH,.C0H    =    CH3.CH(OH).CH3.CHzzCH.CH(OH).CH,.COH 

+  0H,. 

The  "  aldol"  thus  produced  is  soluble  in  boiling  water,  but  crystallizes  out  in 
great  part  on  cooling  in  brilliant  scales;  it  melts  at  139°  (282°'2  F.),  and 
distils  at  139°  (278°*6  F.)  under  a  pressure  of  20  mm.  of  mercury.  By 
digestion  with  argentic  hydrate  it  is  converted  into  the  corresponding  monobasic 
acid,  C^H^^O,. 

Tetraldol  also  loses  water  when  heated  for  several  hours  at  60°  (140°  F.)  in 

*  The  term  aldol,  although  originally  assigned  by  Wurtz  to  the  compound 
under  discussion,  is  most  conveniently  employed  as  a  generic  term  to  denote  the 
hydroxyl  derivatives  of  aldehydes,  as  these  bodies  exhibit  properties  which  are 
in  part  characteristic  of  aldehydes,  and  in  part  of  alcohols. 
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a  current  of  dry  air ;  it  then  thi(;kens,  and  solidifies  on  cooling  to  a  colourless, 
transparent,  viscid  mass,  insoluble  in  water  (Wurtz,  Compt.  Itend.,\\xiv.  136 1; 
Ixxvi.  1 165). 

(1643)  TricTilorotetr aldehyde  or  Trichlorohutyric  Aldehyde :  CgH^Cl  .COH. 
— The  production  of  this  compound  from  ethaldehyde  by  the  action  of  chlorine  has 
also  already  been  alluded  to,  and  the  manner  in  which  it  is  probably  formed 
explained  (p.  734).  The  aldehyde  must  be  well  cooled  by  a  mixture  of  ice  and 
salt,  and  the  chlorine  at  first  passed  very  slowly  into  it;  when  the  gas  ceases  to 
be  absorbed  to  any  extent  in  the  cold,  the  liquid  is  slowly  heated  on  the  water 
bath,  but  the  action  is  almost  complete  in  the  cold.  A  small  quantity  of  water 
is  then  added,  and  sufficient  precipitated  calcic  carbonate  nearly  to  neutralize  the 
hydrochloric  acid ;  a  current  of  steam  is  subsequently  passed  through  the  liquid  heated 
to  about  110°  (230°  F.)  in  an  oil  bath.  Crystalline  trichlorotetraldehydrol 
or  trichlorohutaldehydrol  (p.  516),  C^J^\^.OH{OH)^,  then  passes  over,  and 
may  be  purified  by  recrystallization  from  hot  water ;  by  distilling  it  in  a  current 
of  hydrochloric  acid  gas,  it  is  resolved  into  water  and  trichlorotetraldehyde  or 
trichlorohufyrie  aldehyde*  CgH^Clg.COH. 

Trichlorotetraldehyde  is  a  colourless  oil  of  peculiar  odour,  which  boils  at 
164°  (3  27°* 2  F.).  It  combines  more  readily  with  alcohol  to  form  the 
monethylin,  C3H^Cl3.CH(OH).OC2Hj,  than  with  water  to  form  the  aldehydrol, 
C^^\^.Q^{OHy^,  alcohol  decomposing  the  latter  and  converting  it  into  the 
former.  It  also  combines  with  other  substances,  entering  into  reaction  with 
various  bodies  in  the  same  way  as  trichlorethaldehyde,  although  less  readily;  more- 
over the  resulting  compounds  do  not  crystallize  with  the  same  facility,  and  are 
less  stable  than  those  derived  from  trichlorethaldehyde.  On  oxidation  with  nitric 
acid,  it  yields  trichlorobutyric  acid,  CgH^Clg.COOH,  which  is  also  obtained  on 
passing  chlorine  into  an  aqueous  solution  of  the  aldehydrol ;  this  acid  is  readily 
converted  by  the  action  of  reducing  agents  into  monochlorocrotonic  acid, 
CgH^Cl.COOH,  in  which,  however,  the  chlorine  is  only  with  difficulty  displaced 
by  hydrogen  (Kramer  and  Pinner,  Ann.  Chem.  Pharm.,  clviii.  37 ;  Pinner, 
ihid.,  clxxix,  21  ;  Sarnow,  ihid.,  clxiv.  93;  Garzarolli-Thurnlak,  ihid.,  clxxxii. 
81 ;  Bischoff,  Deut.  chem.  Ges.  Ber.,  vii.  632  ;  Hepp,  ibid.,  vii.  1420). 

The  constitution  of  trichlorotetraldehyde  has  not  yet  been  ascertained  ;  frooi 
the  manner  in  which  it  is  formed,  however,  and  the  difficulty  of  displacing  the 
third  atom  of  chlorine,  it  may  be  inferred  that  the  chlorine  atoms  are  not 
all  associated  with  the  same  carbon  atom  ;  the  most  probable  formula  being 
either  CH3.CHC1.CC1,.C0H  or  CHg.CCl^.CHCl.COH. 

(1644)  Isotetraldehyde ;  Isohutyric  or  Isohutylic Aldehyde :  01S.{GE.^^.CO^, 
may  be  obtained  by  distillation  of  a  mixture  of  calcic  isobutyrate  and  calcic 
formate,  and  by  oxidation  of  isobutylic  alcohol ;  in  the  latter  case  the  product  is 
contaminated  with  acetone  as  well  as  with  isobutyrie  and  acetic  acids  and 
isobutylic  isobutyrate,  and  can  only  be  separated  from  the  acetone  with  difficulty 
(Kramer,  Deut.  chem.  Ges.  Ber.,  vii.  252  ;  Schmidt,  ihid.,  1361).  According  to 
Linnemann  and  Zotta  {Ann.  Chem.  Pharm.,  clxii.  35),  it  is  also  formed  on 
heating  the  dibromotetrane  from  isobutylene,  C^x{CU.^^.(yH.,^\\  with  water  at 
150° — 160°  (302° — 320°  F.).  Isotetraldehyde  is  a  colourless  mobile  liquid  of 
pungent  odour,  soluble  in  9  vols,  of  water  at  20°  {6^"^  ¥.);  it  boils  at  61* 
(i4i°'8  F.),  and  at  20°  (68°  F.)  has  the  sp.  gr.  '803.  It  readily  forms  a 
crystalline  compound  with   hydric   sodic  sulphite  ;  it  is  apparently  much  more 


*  The  compound  thus  obtained  was  long  regarded  as  a  chlorinated  deriva- 
tive of  crotonic  aldehyde,  and  termed  croton  chloral,  but  Pinner  and  Garzarolli- 
Thurnlak's  recent  experiments  {Deut.  chem.  Ges.  Ber.,  viii.  1561  ;  A7in,  Chem. 
Pharm. y  clxxxii.  181)  have  shown  that  this  is  not  the  case. 


750  ALDEHYDES.  [l^45- 

stable  in  presence  of  potas!?ic  hjdrate  than  the  aldehydes  previously  described. 
Hydrochloric  and  sulphuric  acids  convert  it  into  a  crystalline  polymeride,  which 
melts  at  60°  {140°  F.)  and  boils  at  194°  (38i°*2  P.)  (Barbaglia,  Deut.  chem. 
Ges.  Ber.,  v.  1052  ;  Markownikoff,  vi.  1176). 

(1645)  Pentaldehydes  :  C^Hy.COH. — Normal  primary  Pentaldehyde : 
CHg.CH.^.CH2.CH,.C0H,  obtained  by  distillation  of  a  mixture  of  normal  calcic 
pentylate  (valerate)  and  calcic  formate,  boils  at  about  102"^  (2I5°'6  F.) ;  it 
requires  more  than  30  times  its  volume  of  water  to  dissolve  it,  and  readily  furnishes 
a  crystalline  compound  with  hydric  sodic  sulphite  (Lieben  and  Rossi,  Ann.  Chem. 
Pharm.,  clix.  70). 

Isopentaldehyde  ;  Isovaleric  or  Isoamylic  Aldehyde;  Valeral. — None  of  the 
isopentaldehydes  have  been  prepared  in  a  pure  state,  but  a  mixture  of  isoproj)- 

acetaldehyde,  CH(CH3)^.CH2.COH,  and  methethacetaldehyde,  ^^  V  CH.COH 

—the  so-called  valeral — is  formed  on  oxidizing  the  mixture  of  alcohols  which 
constitute  ordinary  fermentation  amylic  alcohol,  the  alcohol  being  gradually 
added  to  a  mixture  of  potassic  dichromate,  sulphuric  acid  and  water,  maintained 
at  such  a  temperature  that  the  products  of  oxidation  at  once  distil  over  (comp. 
Kramer,  Deut.  chem.  Ges.  Ber.,  vii.  254).  To  isolate  the  aldehydes,  the 
product  is  neutralized  with  a  solution  of  an  alkali,  and  the  remaining  oil  well 
shaken  for  some  time  with  a  concentrated  solution  of  sodic  hydric  sulphite ;  the 
crystals  which  sepjirate  are  then  pressed  between  linen,  washed  with  a  little  ether, 
dried,  and  then  decomposed  by  distillation  with  a  concentrated  solution  of  sodic 
carbonate. 

When  purified  by  rectification,  the  mixture  of  aldehydes  thus  obtained  boils 
at  about  92°  (i97"'6  F.)  ;  it  possesses  a  pungent  odour,  somewhat  like  that  of 
apples,  and  excites  coughing  when  inhaled.  A  number  of  derivatives  have  been 
prepared  from  this  mixture  of  aldehydes.  It  is  not  acted  upon  by  sulphuretted 
hydrogen  alone,  but  when  this  gas  is  passed  into  its  aqueous  solution  crystals  of 
the  corresponding  thioaldehyde  are  obtained.  This  compound  is  insoluble  in 
water,  but  dissolves  in  alcohol  and  ether,  separating  from  the  latter  in  white 
asbestos-like  crystals,  which  melt  at  69°  (i56°'2  F.)  ;  it  may  be  volatilized 
unchanged  in  vacuo,  its  vapour  density  corresponding  with,  the  formula  C^HgS. 
A  corresponding  selentetraldehyde  may  be  obtained  by  the  action  of  seleniuretted 
hydrogen  (Schroeder,  Deut.  chem.  Ges.  Ber.,  iv.  402). 

When  valeral  is  shaken  with  ammonia  solution,  the  liquid  soon  solidifies  to 
a  mass  of  crystals  of  the  composition  C^Hy.CH(0H).NH2  +  7OH2,  insoluble 
in  water,  but  soluble  in  alcohol  and  ether ;  when  fused  they  decompose  into 
water  and  the  anhydrous  compound  C\Fry.CH(0H).NH2  (H.  Strecker). 

The  anhydrous  compound  of  valeral  with  ammonia,  like  that  of  ethaldehyde, 
may  be  volatilized  unchanged  in  vacuo  (Schroeder) ;  it  also  resembles  that  of 
ethaldehyde  in  its  behaviour  with  hydrocyanic  acid,  sulphuretted  hydrogen  and 
carbonic  bisulphide,  and  when  heated  (comp.  Hiifner,  Journ.  jpr.  Chem.  [2], 
i.  6;  Schroeder,  loc.  cit.;  Lubavin,  ibid.,  v.  iioi).  Valeral  also  appears  to 
enter  into  reaction  with  acid  amides,  to  form  compounds  analogous  to  those 
derived  from  ethaldehyde ;  thus,  on  the  addition  of  a  minute  quantity  of  hydro- 
chloric acid  to  a  solution  of  ethylic  carbamate,  NH^.COOCgHg,  in  valeral,  the 
liquid  becomes  warm,  and  soon  solidifies  to  a  mass  of  crystals  of  the  compound 
C,Hg,CH(NH.C00C.,H^)2  (Bischoff,  Deict.  chem.  Ges.  Ber.,  vii.  633). 

It  is  partially  converted  into  a  crystalline  polymeride  when  allowed  to 
remain  for  some  time  in  contact  with  potassic  carbonate  (Bruylants,  ibid.,  viii. 
414).  Polymerides  and  condensation  products,  amongst  others  the  aldehyde 
C  H  0,  which  bears  to  it  the  same  relation  that  crotonic  aldehyde  bears  to 
ethaldehyde,  are  also  obtained  on  heating  it  alone  or  with  sodium  (Borodin), 
zinc  (Riban),  or  lime  (Fittig) ;  and  a  hexchlorinated  derivative  of  the  aldehyde 
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CjpH^gO  is  produced  on  saturating  valeral  with  chlorine,  a  monochlorvaleral 
being  formed  when  the  action  of  chlorine  is  carried  on  for  a  short  time  only 
(Schroeder,  loc.  cit.).  The  aldehyde  C^gH^gO  is  also  formed  by  the  action  of 
zincic  ethide  (Ricth  and  Beilsteiu),  and  of  solid  potaasic  hydrate  at  0°  (32°  F.), 
on  valeral  (Borodin). 

(1646)  Hexaldehydes  :  CjH^^.COH, — Normal  primary  HexaldeJiyde  : 
CHg.CH^.CH^.CH^.CH^.COH,  obtained  by  the  distillation  of  a  mixture  of  calcic 
normal  hexylate  (caproate)  and  calcic  formate,  is  a  colourless  liquid,  possessing  the 
characteristic  aldehyde  odour,  which  boils  at  12 7^*9  (262°'2  F.)  under  a  pres- 
sure of  737*6  mm.  of  mercury,  and  at  0°  (32''  F.)  has  the  sp.  gr.  'S^gS.  It 
oxidizes  with  remarkable  facility  on  exposure  to  the  air  (Lieben  and  Janeck,  Ann. 
Chem.  PJiarm.,  clxxxvii.  130), 

According  to  Pinner  [Deut.  chem.  Ges.  Ber.,  x.  1052),  a  trichlorinated 
hexylic  aldehyde  is  formed  in  small  quantity  in  the  preparation  of  triohloro- 
butyric  aldehyde  by  the  action  of  chlorine  on  ethaldehyde. 

By  distillation  of  the  calcic  salt  of  the  caproic  acid  from  optically  inactive 
amylic  alcohol  with  calcic  formate,  Rossi  obtained  an  aldehyde  boiling  at  121° 
(249°'8  F.),  which  doubtless  consisted  chiefly,  if  not  entirely,  of  the  isoprimary 
hexaldehyde(CH3),CH.CH^.CH„.C0H. 

(1647)  NoEMAL  Heptaldehyde  ;  Oenanthol :  CH[g.(CH2)g.C0H. — This 
aldehyde  is  formed  on  oxidation  of  normal  heptylic  alcohol,  and  is  the 
chief  product  of  the  dry  distillation  of  castor  oil :  to  prepare  it,  the  oil  is 
distilled  as  rapidly  as  possible,  and  the  crude  distillate  is  shaken  with 
a  concentrated  solution  of  hydric  sodic  sulphite ;  the  crystals  which 
separate  are  purified  by  washing  and  pressing,  and  then  decomposed  by  dis- 
tillation with  sodic  carbonate  solution,  the  distillation  being  best  performed  in 
a  current  of  steam.  It  is  a  colourless  oily  liquid,  of  peculiar  unpleasant  smell, 
which  boils  at  154°  (309°'2  F.).  Heptaldehyde  appears  closely  to  resemble 
ethaldehyde  in  its  behaviour  with  ammonia,  and  with  amines  and  acid  amides 
(comp.  Schifi*,  Ann.  Chem.  Pharm.,  Sup.,  iii.  351  ;  vi.  24;  Medicus,  ihid., 
clvii.  44).  By  its  action  on  urea  under  various  conditions,  SchifF(*6ic?.,  cli.  186) 
has  obtained  a  series  of  bodies  formed  by  the  separation  of  the  oxygen  of  the 
aldehyde  in  combination  with  hydrogen  from  the  urea :  the  diureide, 
CyHj^(NH.CO.NH2)2,  being    produced   on  mixing    alcoholic    solutions    of  the 

two  substances,  and  tae  triureide  CO  <  ^^t  n  tt  fNH  CO  NH  i  ^°    trituratmg 

dry  urea  with  heptaldehyde  ;  still  more  complex  bodies  are  readily  formed  on 
digesting  these  two  compounds  with  the  aldehyde.  The  di-  and  triureide  are 
crystalline,  but  the  more  complex  bodies  are  amorphous  ;  they  are  destitute  of 
basic  properties,  and  also  have  lost  the  power  possessed  by  urea  of  combining 
with  metallic  oxides ;  they  are  readily  decomposed  by  dilute  acids,  the  aldehyde 
and  urea  being  regenerated. 

(1648)  Hexdecaldehyde;  Cetylic  ov  Palmitic  Aldehyde :  CjgHgj.COH. — 
According  to  Fridau  and  Dollfus  {Ann.  Chem.  Pharm.,  cxxxi.  287),  this  aldehyde 
is  formed  by  oxidation  of  cetylic  alcohol,  and  is  a  crystalline  substance  melting  at 
about  50°  (t22°  F.),  almost  insoluble  in  cold  alcohol;  it  does  not  appear  to 
combine  with  ammonia  or  acid  sulphites,  and  has  but  very  feeble  reducing  powers. 
If,  however,  the  so-called  cetylic  alcohol  is  a  mixture  of  homologous  alcohols,  as 
Heintz  supposes,  the  aldehyde  thus  obtained  is  doubtless  also  a  mixture. 

§  II.  Aldehydes  of  the  C^Hgn.i.COH  Series. 
The  only  aldehydes  of  this  series  which  have  been  investigated 
are  acrylic  aldehyde  or  acrolein,  CgH^O,  and  crotonic  aldehyde, 
C^HgO ;  it  has  been  shown,  however,  that  their  homologues  may 
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be  obtained  from  the  aldehydes  of  the  acetic  series  in   the  same 
manner  that  the  latter  is  formed  from  ethaldehyde. 

(1649)  AcRALDEHYDE  OR  AcRYLic  Aldehyde  ;  Acroltm  : 
C2H3.COH  =  CH2ZlCH.COH.— This  aldehyde  appears  to  be  the 
first  product  of  the  oxidation  of  the  corresponding  alcohol,  allylic 
alcohol  (comp.  p.  466),  but  on  account  of  the  readiness  with 
which  it  undergoes  further  oxidation,  it  cannot  be  prepared  in 
this  way.  It  is  a  constant  product  of  the  destructive  distillation 
of  all  fats  containing  glyceric  salts  (glycerides),  and  is  obtained 
in  considerable  quantity  on  distilling  glycerol  (glycerin)  with 
bodies  such  as  phosphoric  anhydride  or  hydric  potassic  sulphate. 
The  best  method  of  preparing  it  is  to  distil  a  mixture  of  one  part 
of  dehydrated  glycerol  and  two  parts  hydric  potassic  sulphate, 
collecting  the  distillate  in  a  receiver  containing  a  considerable 
quantity  of  calcic  chloride  and  a  little  plumbic  oxide,  which  is 
well  cooled  by  a  mixture  of  ice  and  salt ;  the  distillate  is  then 
twice  rectified  from  calcic  chloride  on  the  water  bath  (Hiibner 
and  Geuther,  Ann.  Chem.  Pharm.,  cxiv.  ^^ ;  Aronstein,  ibid.. 
Sup.,  iii.  180).  When  the  mixture  is  heated,  the  sulphate  gradually 
dissolves,  and  chiefly  water  passes  over  ;  after  a  time  the  liquid 
froths  considerably,  but  later  on  again  boils  tranquilly,  and  very 
little  water  is  produced,  the  distillate  consisting  chiefly  of  acrolein. 
It  would  appear,  therefore,  that  a  glyceric  potassic  sulphate  and 
water  are  first  formed,  and  that  the  aldehyde  is  the  product  of 
the  decomposition  of  the  salt  by  heat.  The  calcic  chloride  and 
plumbic  oxide  are  used  with  the  object  of  at  once  removing  the 
water  and  sulphurous  acid  from  the  distillate,  in  presence  of 
which  the  acrolein  rapidly  undergoes  change. 

Acraldehyde  is  a  mobile,  colourless  liquid,  which  exercises  an 
intensely  irritating  action  on  the  eyes  and  nose,  a  few  drops  diffused 
through  a  room  rendering  the  atmosphere  entirely  insupportable ; 
it  boils  at  52°*5  (i26°*5  F.).  It  is  lighter  than  water,  of  which 
about  40  parts  are  required  to  dissolve  it;  alcohol  and  ether 
dissolve  it  in  all  proportions.  Pure  acraldehyde  may  apparently 
be  preserved  unchanged,  at  least  for  a  considerable  period ;  but 
as  ordinarily  prepared  it  soon  changes  spontaneously  into  a  white 
amorphous  solid  substance,  called  by  Redtenbacher  disacryly 
which  is  probably  a  polymeride,  and  more  rarely  into  a  resinous 
body,  the  so-called  disacryl  resin.  It  is  also  very  readily  resinized 
by  caustic  alkalies  (comp.  Glaus,  ibid.,  Sup.,  ii.  120).  Most 
oxidizing  agents  decompose  it  completely,  but  when  it  is  care- 
fully acted  upon  by  argentic  oxide,  the  silver  salt  of  the  cor- 
responding acid,  acrylic  acid,  CgHg.COOH,  is  produced.    Nascent 
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hydrogen  converts  it  into  allyiic  alcohol  (Clans,  Deut.  chem.  Ges. 
Ber.y  iii.  404);  at  the  same  time  a  body  of  the  composition 
CJl^jd^—2Cfifi-\-Yic!^  is  produced  (Linnemann^  Ann.  Chem. 
Phaj^m.,  Sup.,  iii.  268),  which  is  probably  a  dihydric  alcohol 
bearing  the  same  relation  to  the  parent  aldehyde  that  the  buty- 
lenic  glycol  CH3.CH(OH).CH2.CH2(OH)  bears  to  ethaldehyde. 

If  hydrochloric  acid  gas  he  passed  into  well-cooled  acraldehyde,  it  is  rapidly 
absorbed,  the  liquid  becoming  viscid ;  if  the  product  be  freed  from  the  excess 
of  acid  by  washing  with  cold  water,  and  then  exposed  over  sulphuric  acid,  it 
solidifies  to  a  white  crystalline  mass  of  the  composition  CgH^ClO  =  CgH^O  +  HCl. 
This  body  melts  at  32°  {^g°'6  F.)  ;  it  is  insoluble  in  water,  but  readily  soluble  in 
alcohol  and  ether,  and  if  pure  may  be  heated  with  these  liquids,  and  even  with 
dilute  alkalies,  without  undergoing  appreciable  alteration.  It  reduces  an  ammo- 
niacal  silver  solution  also  only  very  slowly.  When  distilled  alone,  it  is  resolved 
into  acraldehyde  and  hydrochloric  acid ;  concentrated  hydrocloric  acid,  and  dilute 
sulphuric  and  nitric  acids  also  decompose  it  with  formation  of  acraldehyde.  When 
it  is  gently  heated  with  about  an  equal  weight  of  potassic  hydrate,  an  oil  passes  over 
which  soon  solidifies  to  a  massof  crystals  of  a  polymeride  of  acraldehyde,  the  so-called 
metacrolein.  This  forms  long  needles  of  peculiar  aromatic  odour,  which  melt  at 
50°  (122°  F.);  it  is  only  very  slightly  soluble  in  hot  water,  but  easily  soluble  in 
alcohol.  When  distilled  alone,  it  is  in  great  part  reconverted  into  acraldehyde, 
which  is  also  formed  from  it  by  the  action  of  acids ;  it  combines  with  hydro- 
chloric acid,  forming  the  compound  above  described  (Geuther  and  Cartmell, 
ihid.,  cxii.  3).  From  the  reactions  of  the  compound  formed  by  the  action  of 
hydrochloric  acid  gas  on  acraldehyde,  it  appears  probable  that  it  is  in  reality  a 
compound  of  metacrolein  with  hydrochloric  acid,  and  that  the  first  action  of  the 
latter  is  to  polymerize  the  aldehyde — that  is  to  say,  that  it  is  a  polymeride  of  a 
chloropropaldehyde — probably  of  that  having  the  formula  CH3.CHCI.COH. 

Chlorine  and  bromine  readily  combine  directly  with  acralde- 
hyde, forming  dichloro-  and  dibromo- derivatives  of  propaldehyde ; 
the  dibromide  is  converted  into  a  dibromopropionic  acid  on 
oxidation  with  nitric  acid,  identical  with  that  formed  on 
oxidizing  the  dibromopropylic  alcohol  obtained  by  combining 
allyiic  alcohol  with  bromine  (Linnemann  and  Penl,  Deut.  chem. 
Ges.  Ber.,  viii.  1097  ;  ToUens,  ibid.,  1448). 

Acraldehyde  is  violently  acted  upon  by  phosphoric  penta- 
chloride ;  according  to  Geuther  {Jahresb.,  j  864,  ^'^'^,  the 
product  is  a  mixture  of  the  two  dichloropropylenes 
CHg— CH.CHCI2  and  CHgZZCCl.CHgCl. 

It  unites  with  a  single  molecule  of  acetic  anhydride,  but 
with  two  molecules  of  acetic  chloride  (Aronstein,  Ann.  Chem. 
Pharm.,  Sup.,  \\\.  193). 

Acraldehyde  combines  readily  with  sodic  hydric  sulphite, 
forming  the  sodic  salt  of  the  oxypropanedisulphonic  acid, 
CH3.CH(S03H).CH(OH).S03H;  this  latter  is  decomposed  by 
alkalies,  and  converted  into  propaldehydosulphonic  acid, 
CH3.CH(S03H).COH,  which,  on  oxidation  with  argentic  oxide, 
3  3  c 
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yields  sulphopropionic  acid,  CH3.CH(S0.^H)  COOH,  and  when 
submitted  to  the  action  of  nascent  hydrogen  is  converted  into 
oxypropanesnlphonic  acid,  CH3.CH(S03H).CH2(OH),  identical 
with  that  formed  by  combining  allylic  alcohol  with  acid  sulphites, 
and  by  the  action  of  sulphuric  anhydride  on  propylic  alcohol 
(Miiller,  Dtut.  chtm.  Ges.  Ber.,  vi.  ]44i). 

When  a  well-cooled  solution  of  acraldehyde  in  at  most  an  equal 
volume  of  absolute  alcohol  or  ether  is  saturated  with  ammonia, 
and  then  mixed  with  ether,  a  white  or  yellowish  amorphous 
precipitate  of  the  composition  CgHgNO^^CgH^O  +  NHg  — OHg 
is  obtained,  the  compound  corresponding  to  that  formed  by  the 
direct  union  of  ethaldehyde  and  ammonia  being  unknown. 
"When  this  so-called  acrolein-ammonia  is  submitted  to  dry  dis- 
tillation, it  yields  picoline,  CgH^N,  and  other  basic  substances  of 
unknown  composition  (Baeyer,  Ann,  Chem.  Pharm.,  civ.  283). 

Aniline  acts  violently  on  acraldehyde,  forming  with  it  the 
compound  Ci8H,,N3  =  2C3H,0-}-  zNH^.CgH^-aOHg  (Schiffj.  It 
is  also  readily  acted  upon  by  ammonic  thiohydrate,  and  converted 
into  acrothialdin,  which,  however,  does  not  precisely  correspond 
in  composition  to  thialdin  (p.  739),  as  it  contains  the  elements  of 
3  mols.  acraldehyde,  i  mol.  ammonia,  and  i  mol.  sulphuretted 
hydrogen  (Schift').  Cyanic  acid  converts  acraldehyde  into  the 
compound  C^H^NgOg,  isologous  with  trigenic  acid  (Melms,  Deut. 
chem.  Ges.  Ber.,  iii.  759). 

(1650)  Ceotonaldehyde    or    crotonic    aldehyde:    CHg.CHzzCH.COH. 

=  C^HgO — This  aldehyde  is  best  prepared  by  heating  ethaldehyde  mixed  with  a 
very  small  quantity  of  zincic  chloride  and  a  few  drops  of  water  in  closed  vessels 
such  as  soda-water  bottles  for  one  or  two  days  at  100°  (212°  P.).  The 
unchanged  ethaldehyde  is  distilled  off  on  the  water  bath,  and  a  current  of  steam 
then  passed  through  the  residue,  which  carries  over  the  crotonaldehyde ;  the 
latter  partly  swims  as  an  oily  layer  on  the  surface  of  the  water  and  partly 
dissolves  in  the  water,  from  which  it  is  separated  by  distillation,  dried  over 
calcic  chloride  and  rectified. 

Crotonaldehyde  is  a  colourless  liquid,  moderately  soluble  in  water,  boiling  at 
104° — 105°  (2i9°*2 — 221°  F.);  at  first  it  appears  to  have  a  pleasant  fruity 
odour,  which,  however,  afterwards  becomes  very  pungent  and  similar  to  that  of 
acraldehyde.  It  absorbs  oxygen  on  exposure  to  the  air,  being  converted  into 
crotonic  acid,  CHg.CHzzCH.COOH,  the  silver  salt  of  which  is  formed  on 
warming  its  aqueous  solution  with  argentic  oxide  ;  when  oxidized  by  chromic  or 
nitric  acid,  it  yields  chiefly  acetic  acid.  Phosphoric  pentachloride  converts  it 
into  dichlorobutylene,  CHg.CHzzCH.CHCl^.  Crotonaldehyde  combines  readily 
with  hydrochloric  acid  gas,  forming  chlorohutyric  aldehyde,  C^HyClO,  which 
crystallizes  in  thick  white  needles,  insoluble  in  water,  melting  at  96°  (204°"8  F.) ; 
on  boiling  it  with  sulphuric  acid,  crotonaldehyde  is  re-formed  ;  on  oxidation  with 
chromic  acid  it  yields  a  considerable  quantity  of  acetic  acid,  but  no  chlorohutyric 
acid  is  produced  :  hence  it  appears  probable  that,  like  the  corresponding  acralde- 
hyde derivative,  it  may  be  formed  from  a  polymeride  of  the  parent  aldehyde 
(Kekule,  Ann.  Chem.  Pharm ,  clxii.  96). 
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§  III.  Aldehydes  or  the  CnH2n_7.COH  Series. 

The  only  aldehydes  of  this  series  at  present  known  are  the 
following  : 

Benzoic  aldehyde C^H^.COH. 

Paratoluic  or  paramethylbenzoic  aldehyde  CHg.CgH^.COH. 

a-Toluic  or  phenylacetio  aldehyde  .      .     .  CgH^.CH^.COH. 

Cumic  aldehyde C^H^.CH^.COH. 

Sycocerylic  aldehyde 

(1651)  Benzoic  Aldehyde  or  Benzaldehyde;  Benzoyl  hydride; 
Bitter  almond  oil:  C^HgO  =  CgH5.COH. — This  aldehyde,  which 
forms  the  principal  constituent  of  the  volatile  oil  of  bitter  almonds, 
obtained  by  distilling  bitter  almonds,  the  leaves  of  the  cherry-laurel, 
peach  and  cherry  kernels,  &c.,  with  water,  may  be  obtained  by 
various  reactions. — (i)  By  the  general  method  of  distilling  a 
mixture  of  calcic  benzoate  and  formate.  (2)  By  the  action  of 
oxidizing  agents,  not  only  on  benzylic  alcohol,  CgH..CH2(0H), 
but  also  on  numerous  other  compounds,  as  stilbene,  hydro- 
benzoin,  mandelic  acid,  albumin,  gelatin,  &c.  (3)  By  passing 
the  vapour  of  benzoic  chloride,  CgH^.COCl,  mixed  with  hydrogen 
over  heated,  finely  divided  palladium.  (4)  By  the  action  of  zinc 
and  hydrochloric  acid  on  benzoic  cyanide,  CgHg.CO.CN.  (5)  By 
the  action  of  an  alcoholic  solution  of  potassic  hydrate  on  (0—2)  di- 
chlorotoluene:  CgH5.CHCl2-h2KHO=:CgH5.COH  -h2KCr+OH2; 
and  also  by  heating  this  compound  with  water  or  metallic 
oxides ;  or  by  treating  it  with  concentrated  sulphuric  acid, 
CgH,.CHCl2  +  2H2SO,=  2HCl-KCgH5.CH(S04H)2,  and  distilling 
the  product  with  water.  (6)  By  heating  (0—1)  monochlorotoluene 
or  benzylic  chloride  with  dilute  nitric  acid,  or  better  with  plumbic 
nitrate  and  water ;  much  benzoic  acid  is  formed  at  the  same 
time,  however. 

Benzoic  aldehyde  is  usually  prepared  from  bitter  almond  oil, 
which  besides  the  aldehyde  contains  hydrocyanic  acid,  &c.,  from 
which  it  may  be  purified  by  agitating  the  crude  oil  either  with 
calcic  hydrate,  water,  and  ferrous  chloride,  and  then  rectifying  ; 
or  with  a  concentrated  solution  of  hydric  sodic  sulphite,  after 
removal  of  the  mother  liquors,  and  purifying  the  crystals  of  the 
compound  of  the  aldehyde  with  the  sulphite  w^hich  separate,  by 
washing  them  with  cold  alcohol  and  recrystallising  them  from 
water;  finally  decomposing  them  by  distillation  with  sodic  carbonate 
and  water.  It  has  also  been  prepared  on  a  commercial  scale  by 
the  action  of  sulphuric  acid  on  0-2  dichlorotolaene. 

Pure  benzoic  aldehyde  is  a  colourless  liquid  of  high  refractive 

3  c  2 
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power,  having  a  pleasant  aromatic  odour,  and  burning  taste,  of 
the  specific  gravity  1-063  ^*  0°  (3^°  ^•)-  ^^  ^^^^^  ^*  ^^°° 
(35^  *7  ^O-  It  requires  30  parts  of  water  for  solution,  but  is 
miscible  in  all  proportions  with  alcohol  or  ether. 

Benzoic  aldehyde  is  a  much  more  stable  compound  than  the 
aldehydes  of  the  series  previously  considered.  It  does  not 
exhibit  the  least  tendency  to  polymerize,  nor  does  it  undergo 
condensation  in  presence  of  minute  quantities  of  foreign  bodies ; 
it  also  readily  furnishes  a  number  of  well-characterized  sub- 
stitution derivatives.  It  gradually  oxidizes  on  exposure  to 
moist  air,  but  does  not  reduce  silver  solutions ;  ordinary  oxi- 
dizing agents  converting  it  into  benzoic  acid,  CgH-.COOH.  The 
potassic  salt  of  this  acid  is  formed  when  it  is  heated  with 
potassic  hydrate,  hydrogen  being  evolved;  but  if  an  alcoholic 
solution  of  potassic  hydrate  be  employed,  benzylic  alcohol  is  also 
produced,  the  hydrogen  resulting  from  the  conversion  of  a  portion 
of  the  aldehyde  into  benzoate  reducing  another  portion  of  the 
aldehyde.  Benzylic  alcohol  is  also  produced  together  with  hydro- 
benzoin  and  isohydrobenzoin  (1525)  by  the  action  of  sodium 
amalgam,  zinc  and  hydrochloric  acid,  &c.,  on  benzaldehyde. 

Chlorine  and  bromine  readily  act  on  benzaldehyde,  displacing 
the  hydrogen  of  the  COH  group ;  when  chlorine  is  employed, 
together  with  benzoic  or  benzoyl  chloride,  CgHg.COCl,  a  com- 
pound formed  by  the  union  of  benzoic  chloride  with  benzaldehyde, 
CgH5.CHCl(CgH5.COO),  is  also  produced.  It  crystallizes  in 
shining  laminse,  and  is  decomposed  by  water  into  benzaldehyde, 
benzoic  acid,  and  hydrochloric  acid.  Phosphoric  pentachloride 
converts  beazaldehyde  into  (0-2)  dichlorotoluene,  CgHg.CHClg. 

By  heating  benzaldehyde  with  acetic  anhydride  at  150° 
(302°  F.),  it  is  converted  into  the  diacetin,  CgHg.CH (0311302)2, 
which  may  also  be  obtained  by  heating  (0-2)  dichlorotoluene 
with  argentic  acetate  :  this  compound  crystallizes  very  readily, 
and  melts  at  45^  (113°  F.). 

Benzaldehyde  forms  crystalline  compounds  with  the  acid 
sulphites  of  potassium  and  sodium,  which  are  readily  decomposed 
by  acids  and  alkalies. 

According  to  Herzfeld  {Deut.  chem.  Ges.Ber.,  x.  1271),  benz- 
aldehyde absorbs  only  about  11  per  cent,  of  its  weight  of 
ammonia  when  submitted  to  the  action  of  this  gas ;  on  exposing 
the  product  in  vacuo  over  sulphuric  acid  it  is  gradually  converted 
into  hydrobenzamide :  C2JH18N2  =  3C6H5.COH  -f-  2NH3-3OH2. 
The  latter  compound  is  also  slowly  produced  on  digesting  benz- 
aldehyde with   aqueous  ammonia.      It  forms   colourless  crystals, 
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insoluble  in  water^  by  heating  with  which  it  is  gradually  recon- 
verted into  its  generators ;  hydrobenzamide  is  a  perfectly  neutral 
substance,  but  when  heated  alone  for  some  time  at  about  130° 
(266°  F.),  or  boiled  with  potassic  hydrate  solution,  it  is  converted 
into  an  isomeric,  powerfully  basic  substance,  amarine,  which  is 
also  formed  on  digesting  benzaldehyde  with  an  alcoholic  solution 
of  ammonia. 

On  digesting  benzaldehyde  with  ammonic  sulphide  solution, 
a  crystalline  compound  is  obtained  which  apparently  consists  of 
thiobenzaldine,  (?)  Cg^H^gNSg. 

Benzaldehyde  resembles  ethaldehyde  in  its  behaviour  with 
aniline  ;  the  two  bodies  at  once  enter  into  reaction  with  separa- 
tion of  water,  forming  a  crystalline  compound  of  the  formula 
C2gH22N2  =  2CgH5.COH  +  2CgH5.NH2-20H2,  which  is  entirely 
destitute  of  basic  properties,  however.  It  also  acts  in  a  similar 
manner  on  acid  amides ;  thus  a  mixture  of  benzaldehyde 
and  acetamide,  heated  to  boiling  for  some  time,  yields  the  com- 
pound CgH5.CH(NH.CO.CH3)2;  and  analogous  bodies  may  be 
prepared  in  a  similar  manner  from  the  homologues  of  acetamide 
and  from  benzamide  (Roth,  Ann.  Chem.  Pharm.,  cliv.  72).  On 
adding  a  small  quantity  of  hydrochloric  acid  to  a  solution  of 
ethylic  carbonate  in  benzaldehyde,  the  liquid  at  once  solidifies  to 
a  mass  of  crystals  of  the  compound  CgH5.CH(NH. 00003115)3 
(BischofF,  Deut.  chem.  Ges.  Ber.,  vii.  634).  On  adding  benz- 
aldehyde to  an  alcoholic  solution  of  urea,  a  mass  of  crystals  of 
the  diureide  C6H5.CH(NH.CO.NH2)2  is  soon  formed;  and  by 
heating  the  dry  substances  together,  the  triureide  and  still  more 
complex  bodies  are  formed  (Schiff). 

Benzaldehyde  unites  with  hydrocyanic  acid  to  form  the  com- 
pound CgH5.CH(0H).CN,  which  is  decomposed  into  its  gene- 
rators even  by  warm  water  ;  when  digested  with  hydrochloric  acid 
it  is  converted  into  mandelic  acid,  CgH5.CH(0H).C00H.  This 
acid  is  most  readily  prepared  by  gently  boiling  a  mixture  of 
benzaldehyde,  hydrocyanic  acid,  and  dilute  hydrochloric  acid  in 
a  flask  attached  to  a  reversed  condenser.  If  a  mixture  of  benz- 
aldehyde, hydrocyanic  acid,  and  of  a  saturated  solution  of  hydro- 
chloric acid  be  allowed  to  stand  for  some  time  at  the  ordinary 
temperature,  a  crystalline  substance  of  the  formula  C^gH^gNOg 
is  obtained;  it  melts  at  195°  (385°  F.) ;  when  heated  with 
hydrochloric  acid,  it  is  decomposed  with  formation  of  benzalde- 
hyde, mandelic  acid,  and  ammonic  chloride  (Zinin,  Zeit.  Chem. 
[2],  iv.  709),  and  probably  therefore  is  a  compound  of  the 
formula  CgH5.CH(OH).O.CH(CN).CgH5.     A  still  more  complex 
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compound,  the  so-called  benzimide  of  Laurent,  CggH^gNgOo,  is 
said  to  be  formed  when  a  mixture  of  benzaldehyde  and  hydro- 
cyanic acid  is  heated  with  an  alcoholic  solution  of  potassic 
hydrate.  In  presence  of  a  dilute  alcoholic  solution  of  potassic 
cyanide,  benzaldehyde  undergoes  a  most  remarkable  transforma- 
tion, being  converted  into  benzoin,  CgH..CO.CH(OH).CgHg,  which 
it  may  be  supposed  is  formed  by  condensation  of  a  mols.  of  the 
compound  CgH5.CH(0H).CN  (comp.  Zincke,  Deut,  chem.  Ges. 
Ber.f  ix.  1772). 

Benzaldehyde  appears  to  enter  into  reaction  with  all  the 
phenols  in  a  similar  manner,  first  forming  a  compound  containing 
the  elements  of  a  molecule  of  aldehyde  and  of  a  molecule  of  the 
phenol,  from  which,  in  the  second  stage  of  the  reaction,  a  more 
complex  substance  results  by  the  union  of  two  molecules  with 
separation  of  the  elements  of  a  molecule  of  water.  Thus  by  the 
action  of  phenol  on  benzaldehyde  in  presence  of  sulphuric  acid, 
probably  the  compound  CgH5.CH(0H).CgH^.0H  is  first  produced, 
two  molecules  of  which  then  unite  with  separation  of  the  elements 
of  a  molecule  of  water.  Similarly,  when  a  mixture  of  benzaldehyde 
and  pyrogallol  is  heated,  a  reddish- brown  resinous  mass  is 
obtained,  consisting  chiefly  of  a  difficultly-crystallizable  resinous 
body  of  the  composition  CggHgjO^  and  a  red  oxidation  product ; 
the  former  substance  is  at  once  obtained  in  a  pure  state  on 
mixing  a  cold  solution  of  pyrogallol  in  hydrochloric  acid  with  a 
cold,  well-incorporated  mixture  of  benzaldehyde  and  a  large 
quantity  of  hydrochloric  acid  :  after  a  few  seconds  the  solution 
becomes  turbid,  and  deposits  the  perfectly  colourless  substance. 
On  heating  the  product,  a  part  becomes  red,  and  a  part  is  con- 
verted into  a  crystalline  substance  of  the  same  composition  : 
the  latter  is  at  once  obtained  when  very  concentrated  solution 
of  hydrochloric  acid  is  added  in  small  portions  at  a  time  to  a 
boiling  solution  of  pyrogallol  and  benzaldehyde  in  a  large  quan- 
tity of  absolute  alcohol  until  the  precipitate  no  longer  increases 
in  amount  (Baeyer,  Deut.  chem.  Ges.  Ber.,  v.  280).  Probably  in 
this  case  the  first  action  is  between  the  pyrogallol  and  the  com- 
pound of  the  aldehyde  with  hydrochloric  acid ;  thus  : 

CA.CHC1(0H)   +   CA(0H)3    =   C,H,.CH(0H).CA(0H)3   +  HCl. 

It  was  first  shown  by  Bertagnini  (^/i/i.  Chem.  Pharm.^c.  125), 
and  afterwards  confirmed  by  Kraut  {ibid.,  cxlvii.  no),  that 
when  benzaldehyde  is  heated  for  some  hours  with  acetic  chloride 
at  120° — 130°  (248° — 266°  F.),  a  viscid  mass  is  obtained,  from 
which  water  extracts  a  small  quantity  of  cinnamic  or  phenacrylic 
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acid,  CgH-.CHZI CH.COOH.  The  formation  of  this  acid  is 
perhaps  brought  about  in  consequence  of  the  hydrochloric  acid 
contained  in  the  acetic  chloride  combining  with  the  aldehyde, 
thus  producing  the  compound  CgH5.CHCl(0H),  which  then  enters 
into  reaction  with  the  acetic  chloride  to  form  cinnaraic  chloride, 
water,  and  hydrochloric  acid:  CgH5.CHCl(0H) +  CH3.C0C1  = 
CgH5.CHzZCH.C0Cl+  HCI  +  OH2 ;  or  it  may  be  supposed  that  a 
compound  of  the  aldehyde  and  acetic  chloride  is  first  formed, 
which  then  enters  into  reaction  with  acetic  chloride,  thus : 
CgH..CHCl(C2H302)  +  CH3.COCI  =  CgH5.CHzzCH.COCl  + 
HCl  +  CgH^Og.  Fittig  and  Bieber  subsequently  obtained  the 
homologous  acid,  phenangelic  acid,  C^^H^gOg,  by  heating  a 
mixture  of  benzaldehyde  and  butyric  chloride.  Perkin,  however, 
has  recently  shown  {Journ.  Chem.  Soc,  1877,  i.  389)  thatcinnamic 
acid  and  its  homologues  may  be  far  more  readily  obtained  by 
heating  a  mixture  of  benzaldehyde  and  acetic  anhydride  or  the 
homologous  anhydrides,  with  the  sodic  salt  of  the  acid  of  the 
acetic  series  corresponding  to  the  anhydride  employed,  benzalde- 
hyde yielding  as  much  as  84  per  cent,  of  its  weight  of  cinnamic 
acid ;  the  formation  of  cinnamic  acid  from  benzaldehyde  in  this 
manner  has  already  been  discussed  (p.  722). 

(1652)  TJdohenzaldehydes. — When  heated  with  an  alcoholic  solution  of 
■potassic  thiohydrate,  (0-2)  dichlorotoluene,  CgHj.CHClg,  is  converted  into  a 
body  of  the  composition  CyHgS,  soluble  in  alcohol  and  ether,  and  which  crystallizes 
from  the  latter  in  four-sided  prisms  melting  at  about  69°  (i56°'2  F.) ;  it 
decomposes  when  distilled,  and  on  oxidation  with  dilute  nitric  acid  apparently 
yields  a  thiobenzoic  acid,  (?)  CgHj.CSOH  (Fleischer,  Ann.  Chem.  Fharm.^ 
cxl.  234). 

According  to  Laurent  {Ann.  Ch.  Phys.  [3],  i.  291),  a  body  which  also  has 
the  composition  of  thiobenzaldehyde  is  obtained  on  mixing  alcoholic  solutions  of 
benzaldehyde  and  ammonic  thiohydrate,  but  this  is  amorphous  and  insoluble  in 
alcohol,  and  only  softens  when  heated  at  90°— 95°  (194° — 203"^  F,). 

Klinger  has  recently  found  {Deut.  chem.  Ges.  Ber.y  ix.  1895),  that  when  sul- 
phuretted hydrogen  is  passed  into  an  alcoholic  solution  of  benzaldehyde,  according 
to  the  concentration,  either  an  amorphous  reddish  flocculent  substance,  or  an  oil 
which  soon  solidifies  and  consists  of  essentially  the  same  substance,  is  obtained. 
When  purified  by  washing  with  alcohol  and  sodic  carbonate  solution,  solution  in 
benzene  or  chloroform,  and  precipitation  by  alcohol,  it  forms  an  amorphous  mass 
of  the  composition  C^H^S,  easily  soluble  in  benzene  and  chloroform,  and  some- 
what difficultly  soluble  in  hot  alcohol,  which  softens  at  about  84°  (t83°*2  F.), 
and  decomposes  when  heated  to  a  higher  temperature.  Acetic  chloride  converts 
this  substance  into  a  crystalline  polymeride,  easily  soluble  in  hot  acetic  acid, 
from  which  it  separates  on  cooling  in  glistening  white  needles  melting  at  225° 
(437°  F.);  when  heated  with  metallic  copper  it  is  almost  entirely  converted 
into  stilbene,  CgH^.CHzzCH.CgH,. 

(1653)  Haloid  and  Niteo-derivatives  of  Benzaldehyde. — Haloid 
derivatives  have  not  yet  been  directly  prepared  in  a  pure  state  from  benzaldehyde, 
but  several  have  been  obtained  from  chlorinated  derivatives  of  (o— i)  chlorotoluene 


760  ALDEHYDES.  [^^54- 

or  benzylic  chloride  by  boiling  them  with  plumbic  nitrate  arid  water,  and  from 
chlorinated  derivatives  of  (0-2)  dichlorotoluene  by  heating  them  with  water 
alone  at  high  temperatures.  Parachlorohenzaldehyde,  CgH^Cl.COH,  prepared 
from  parachlorobenzylic  chloride,  is  liquid,  and  very  readily  oxidizes  to  parachloro- 
benzoic  acid  on  exposure  to  the  air  (Beilstein  and  Kuhlberg,  Ann.  Chem. 
Pharm.,  cxlvii.  352).  An  isomeric  orthochlorobenzaldehyde  is  formed  by 
distilling  salicylic  aldehyde,  CgH^(OH).COH,  with  phosphoric  pentachloride,  and 
heating  the  resulting  (1-2)  trichlorotoluene  with  water;  it  boils  at  210° 
(410°  F.).     Di-  and  trichlorobenzaldehyde  are  crystalline. 

Nitric  acid  alone  appears  always  to  oxidize  benzaldehyde  to  benzoic  acid, 
but  unless  the  very  strongest  acid  be  used,  the  action  takes  place  but  slowly  in  the 
cold  ;  if,  however,  benzaldehyde  be  mixed  with  20  times  its  volume  of  a  mixture 
of  1  vol.  ordinary  concentrated  nitric  acid  and  2  vols,  concentrated  sulphuric 
acid  which  is  kept  eold,  the  product  is  a  mass  of  crystals  saturated  with  an  oil. 
The  former  consists  of  metanitrobenzoic  aldehyde,  CgH^(N02).C0H,  which 
crystallizes  from  alcohol  in  small  white  needles,  melting  at  58°  (i36°*4  F.)  ; 
this  compound  appears  closely  to  resemble  benzaldehyde  in  its  reactions  (Berta- 
gnini,  Ann.  Chem.  Pharm.,  Ixxix.  259 ;  Lippmann  and  Hawliczek,  Dent, 
chem.  Ges.  Ber.,  ix.  1463).  The  oil  which  accompanies  the  crystals  may  be 
purified  by  shaking  with  a  solution  of  hydric  sodic  sulphite,  which  combines 
with  the  aldehyde,  and  extracting  the  liquid  with  ether;  on  distilling  off  the 
ether  an  oil  remains,  which  may  be  freed  from  water  by  heating  in  vacuo  at 
105° — 110°  (221° — 230°  F.);  if  heated  higher  it  decomposes.  This  product 
has  the  same  empirical  composition  as  nitrobenzaldehyde,  but  on  oxidation  it 
yields  benzoic  acid  without  evolution  of  carbonic  anhydride,  and  therefore  is 
probably  formed  from  benzaldehyde  by  the  displacement  of  hydrogen  in  the 
COH  group  by  NO^  (Lippmann  and  Hawliczek). 

(1654)  Hydeoxyl  deeivatives  of  Benzaldehyde;  Phenaldols. — 
Several  aldehydes  are  known,  formed  from  benzaldehyde  by  the  displacement  of 
hydrogen  atoms  in  the  C^  group  by  the  group  OH,  which  exhibit  certain  of  the 
properties  characteristic  of  the  phenols  as  well  as  the  properties  of  aldehydes. 
Two  of  these  compounds  are  of  especial  interest,  as  they  are  closely  related  to  a 
number  of  substances  which  occur  naturally  in  plants.  We  are  acquainted  with 
the  following  "  phenaldols"  : 

Orthoxybenzaldehyde  or  salicylic  aldehyde    .     .     •  I  p  tt  ((\t\\  coH 

Paroxybenzaldehyde j     e    4\ 

Metoxyparoxybenzaldehyde  or  protocatechuic  aide-  I  p  tt  (r\Tj\  pnxr 
hyde j     «    sv       h- 

(1655)  Orthoxybenzaldehyde;  Salicylic  aldehyde,  salicylol,  or  sali- 
eylousacid:  CyH^O^  -  CgH^(OH).COH  (OH  :  COH  =  1:2).  — This  aldehyde 
was  discovered  by  Pagenstecher  in  1835,  who  obtained  it  by  distilling  the 
flowers  of  meadow  sweet.  Spiraea  ulmaria,  with  water ;  it  may  be  procured  from 
other  species  of  spirpea,  and  also  from  the  larvae  of  Chrysomela  jpopuli,  and  from 
the  beetles  themselves  by  distillation  with  water.  It  is  formed  on  oxidation  of  the 
corresponding  alcohol,  saligenol  (saligenin),  CgH4(OH).CH2(OH),  and  also  by 
the  action  of  oxidizing  agents  on  the  glucosides  which  yield  this  alcohol — viz., 
populin  and  salicin,  and,  in  fact,  is  usually  prepared  from  the  latter :  2  parts  of 
salicin,  2  of  potassic  dichromate  and  16  of  water  are  placed  in  a  retort,  and  a 
mixture  of  3  parts  of  sulphuric  acid  and  eight  of  water  added  ;  a  slight  evolution 
•of  gas  takes  place  during  30  to  45  minutes,  and  the  liquid  becomes  green. 
When  the  evolution  of  gas  ceases,  heat  is  applied  and  the  aldehyde  distilled  over; 
the  oil  is  then  separated  from  the  water,  and  the  portion  which  remains  dissolved 
vjxtracted  with  ether.  By  this  process  salicin  yields  about  24  per  cent,  of  its 
weight  of  the  aldehyde. 
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The  most  interesting  method  of  preparing  salicylic  aldehyde,  however,  is  by 
the  action  of  trichloromethane  (chloroform)  on  sodium  phenol  (comp.  p.  716): 
20  parts  of  phenol  are  dissolved  in  a  solution  of  60  parts  of  sodic  hydrate  in  at 
least  twice  the  weight  of  water  heated  to  56° — 60°  (122° — 140°  F.),  and  slightly 
more  than  the  equivalent  amount  of  trichloromethane  is  gradually  added,  the 
mixture  being  constantly  agitated  ;  the  reaction  is  completed  by  boiling  the 
mixture  for  half  an  hour,  the  excess  of  chloroform  is  then  distilled  off,  a  slight 
excess  of  sulphuric  or  hydrochloric  acid  added,  and  the  salicylic  aldehyde  together 
with  the  unattached  phenol  distilled  off  by  passing  a  current  of  steam  through 
the  liquid.  To  separate  the  aldehyde  from  the  phenol,  the  mixture  is  dis- 
solved in  ether,  and  the  former  extracted  with  a  solution  of  hydric  sodic 
sulphite,  (fee. 

Salicylic  aldehyde  is  a  colourless  oily  liquid,  of  pleasant  aromatic  odour, 
boiling  at  about  196°  (384°  8  F.),  of  the  sp.  gr.  1-173  at  15°  (59°  F.).  It  is 
moderately  soluble  in  water,  and  miscible  with  alcohol  and  ether  in  all  propor- 
tions ;  its  solutions  are  coloured  deep  violet  by  ferric  chloride.  On  oxidation 
it  is  converted  into  salicylic  acid.  It  combines  with  the  acid  sulphites,  forming 
crystalline  compounds  which  are  readily  decomposed  by  acids  with  separation  of 
the  unaltered  aldehyde.  It  is  acted  upon  by  aniline  and  by  urea  in  the  same 
manner  as  benzaldehyde.  With  potassic  chlorate  and  hydrochloric  acid,  it  yields 
tetrachloroquinone,  CgCl^Og.  Salicylic  aldehyde  readily  dissolves  in  solutions  of 
the  alkalies,  and  even  decomposes  carbonates,  forming  crj'stalline  metallic  de- 
rivatives, such  as  CgH^(OK).COH  and  C6H^(0Na).C0H,  from  which  other 
metallic  derivatives  may  be  obtained  by  double  decomposition;  crystalline  me- 
tallic derivatives  consisting  of  a  molecule  of  the  potassium  or  sodium  de- 
rivative united  with  a  molecule  of  the  aldehyde  are  also  known.  Ammonia 
combines  with  salicylic  aldehyde,  probabl}'  forming  the  ammonium  derivative, 
CgH^(ONH^).COH ;  on  heating  this  compound,  water  and  hydrosalicylamide, 
C^^H^^N.Og  =  3C^H^0.^  +  2NH3  -  3OH,,  are  formed. 

The  hydrogen  of  the  OH  group  may  also  be  displaced  by  both  positive  and 
negative  organic  radicles.  By  heating  the  sodium  derivative  CgH^(ONa).COH 
with  methylic  iodide,  methylsalicylol  or  ortTiomethoxyhenzaldehyde^ 
CgH^(OCHg).COH,  is  produced,  and  the  corresponding  ethyl  derivative 
may  be  formed  by  the  action  of  ethylic  iodide ;  both  are  colourless  oils,  which 
boil,  the  former  at  about  238°  (46o°*4  F.),  the  latter  at  about  248°(478°'4F.) ; 
they  form  crystalline  compounds  with  the  acid  sulphites,  and  enter  into  reaction 
with  ammonia,  the  hydramide,  C^yHgpNPg,  derived  from  the  latter  as  well 
as  that  derived  from  the  former,  undergoing  conversion  into  an  isomeric  basic 
substance  when  heated  (Perkin,  Journ.  Chem.  Soc,  xx.  418).  By  the  action 
of  benzylic  chloride  on  the  sodium  derivative  of  salicylic  aldehyde,  a  benzyl 
derivative  is  obtained  corresponding  in  its  properties  to  the  methyl  and  ethyl 
derivatives  (Perkin,  ibid.,  xxi.  122). 

Mono-  and  di-chlorinated  and  brominated  derivatives  of  salicylic  aldehyde 
have  been  prepared  by  the  action  of  chlorine  and  bromine,  and  a  mononitro- 
derivative  by  the  action  of  nitric  acid ;  by  the  action  of  pentachloride  of 
phosphorus,  the  dichlororthocresol,  CgH^(OH).CHClj^,  and  1-2  trichlorotoluene 
are  formed. 

When  salicylic  aldehyde  is  mixed  with  acetic  chloride,  hydrochloric  acid  is 
evolved,  and  the  liquid  on  cooling  deposits  crystals  of  a  body  of  the  composition 

;C  IT  OOTT 
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the  difficulty  with  which  the  phenols  form  ethers,  however,  this  formula  appears 
scarcely  probable.  The  product  in  question  is,  perhaps,  a  condensation  product 
of  the  formula  CgH^(0H).CHzzCgH2(0H).C0H.      It  is  also  obtained  by  the 
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action  of  benzoic  and  succinic  chlorides.  It  does  not  combine  with  acid  sul- 
piiites,  and  when  heated  with  acetic  chloride  is  converted  into  a  non-distillable 
oil  (Perkin). 

If,  however,  acotic  anhydride  be  added  to  the  sodium  derivative  of  salicylic  al- 
dehyde suspended  in  pure  dry  ether,  action  gradually  takes  place,  and  acetosalicylic 
aldehyde,  CgH^(02H3O2).COH,  is  produced,  toi^^ether  with  sodic  acetate ;  it  is  a 
crystalline  substance  which  melts  at  37°  (98°'6  F.),  and  boils  at  about  253° 
(487  '4  F.)  with  but  very  little  decomposition.  It  combines  with  the  acid 
sulphites;  when  heated  with  acetic  anhydride  at  150°  (302''  F.),  it  combines 
with  it,  forming  the  compound  CJi^{Cfifi^).CB.{C^BJJ^).^,  which  decomposes 
into  its  generators  on  distillation  (Perkin,  ibid.,  xxi.  182).  The  corresponding 
compound  of  salicylic  aldehyde,  Cgll^(OH)  CH(C2H30o)„  is  obtained  by  heating  a 
mixture  of  the  latter  with  acetic  anhydride  at  150°  (302°  F.) ;  when  distilled  it 
partially  decomposes,  and  on  heating  with  water,  it  yields  acetic  acid  and 
salicylic  aldehyde.  The  methyl  and  ethyl  derivatives  of  salicylic  aldehyde  also 
combine  with  acetic  anhydride  in  a  precisely  similar  manner  (Perkin,  ibid.,  xx. 
586).  If  instead  of  acting  upon  the  sodium  derivative  of  salicylic  anhydride  with 
acetic  anhydride  in  presence  of  ether  the  two  substances  be  simply  mixed  together, 
the  sodium  derivative  soon  dissolves,  much  heat  being  developed;  and  if  the  mixture 
be  boiled  for  a  few  minutes,  then  poured  into  water,  and  the  oil  which  separates 
be  distilled,  at  first  small  quantities  of  acetic  acid  and  of  unaltered  aldehyde 
pass  off,  after  which  nearly  pure  coumarin,  CgHgOj,  distils  over  at  about  290° 
(554°  F.)  (Perkin,  ibid.,  xxi  53).  Coumarin  is  contained  in  the  tonka  bean, 
which  derives  its  sweet  odour  from  it,  and  is  also  present  in  woodruff,  As^perula 
odorata,  in  the  flowers  of  sweet  vernal  grass,  Anthoxanthum  odoratum,  and 
in  other  plants.  Tiemann  and  Herzfeld  have  recently  shown  {Deut.  chem.  Ges. 
JBer.,  X.  283)  that  its  formation  in  the  above  manner  is  preceded  by  that  of 
acetorthocoumaric  acid.  Doubtless  the  salicylic  aldehyde  is,  in  the  first  place, 
converted  into  the  acetyl  derivative  CgH^(0.C.,H30).C0H  ;  this  product  then 
either  enters  into  reaction  with  a  molecule  of  acetic  anhydride  to  form  the  mixed 
anhydride  of  acetic  and  orthocoumaric  acids  : 
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or  it  combines  with  fhe  anhydride,  forming  CgH^(O.C2H30).CH(O.C2H30)o,  and 
the  mixed  anhydride  is  produced  by  the  action  of  this  acetodiacetin  on  a  molecule 
of  acetic  anhydride.  On  pouring  into  water,  the  anhydride  is  decomposed  into 
acetic  and  acetorthocoumaric  acids  j  on  distilling  the  latter,  it  breaks  up  into 
coumarin  and  acetic  acid : 


PTT  /CHzzCH.COOH_  pTT  / 
^«"*t0.C2H30  -  ^6^M0 
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Acetorthocoumaric  acid.  Coumarin.  Acetic  acid. 

The  presence  of  sodic  acetate  is  necessary  to  the  formation  of  coumarin,  which  is 
not  produced  by  merely  heating  together  salicylic  aldehyde  and  acetic  anhydride ; 
it  apparently  plays  the  part  of  a  dehydrating  agent,  but  it  is  difficult  to  explain 
the  precise  manner  in  which  it  acts :  if,  however,  it  be  supposed  that  the  mixed 
anhydride  of  acetic  and  orthocoumaric  acid  which  is  produced  results  from  the 
action  of  the  acetic  anhydride  on  the  acetodiacetin,  CgH^lC^HgO J. 011(0211302)3, 
it  is  not  improbable  that  the  function  of  the  sodic  acetate  in  inducing  the 
formation  of  this  anhydride  is  the  consequence  of  the  tendency  which  this  salt| 
possesses  to  combine  with  acetic  acid  : 
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Perkin  has  shown  that  by  employing  the  homologues  of  acetic  anhydride,  a  series 
of  bodies  homologous  with  coumarin  may  be  obtained,  and  also  that  ortho- 
methoxy benzoic  aldehyde  and  the  lower  haloid  derivatives  of  salicylic  aldehyde 
enter  into  reaction  with  the  anhydrides  of  the  acetic  series  in  the  same  manner 
as  salicylic  aldehyde. 

From  Baeyer's  experiments  it  appears  that  salicylic  aldehyde  resembles  benz- 
aldehyde  in  its  action  on  phenols  in  presence  of  hydrochloric  and  sulphuric  acids. 
According  to  Liebermann  and  Schwarzer  {Deut.  chem.  Ges.  Ber.,  ix.  800), 
salicylic  aldehyde  is  rapidly  converted  into  a  red  solid  substance,  closely 
resembling  the  so-called  rosolic  acid  in  its  properties,  when  warmed  with  con- 
centratea  sulphuric  acid ;  and  by  the  action  of  the  acid  on  a  mixture  of 
salicylic  aldehyde  and  phenol,  "rosolic  acid":  C^^^fi^  =  CJifi  +  2C  ^Ufi^— 2011^, 
identical  with  that  produced  on  heating  phenol  with  oxalic  and  sulphuric  acids,  is 
obtained.  From  this  it  appears  probable  that  in  the  formation  of  "  rosolic  acid" 
from  phenol  and  oxalic  acid,  salicylic  aldehyde  is  first  produced  by  the  action  on  the 
phenol  in  presence  of  the  sulphuric  acid  of  the  formic  acid  resulting  from  the  decom- 
position of  the  oxalic  acid  :  C^Hg.OH  +  H.COOH  =  CgH^(OH).COH  +  OH^. 

(1656)  Pakoxybenzoic  ALDEHYDE:  CgH^(OH).COH,  the  isomeride  of  sali- 
cylic aldehyde,  is  obtained  on  heating  paramethoxybenzoic  or  anisic  aldehyde, 
CgH^,(0CH3).C0H,  with  hydrochloric  acid  at  200°  (392°  F.),  for  three  or  four 
hours  (Bucking,  ibid  ,  ix.  527),  but  is  most  readily  prepared  from  phenol  by  the 
action  of  chloroform  in  presence  of  potassic  or  sodic  hydrate,  100  grams  of 
phenol  yielding,  according  to  Tiemann  and  Herzfeld  {ibid.,  x.  6^),  10  grams  of 
the  pure  aldehyde.  It  crystallizes  in  slender  needles,  which  in  the  dry  state 
melt  at  112°  (233°'6  F.),  but  under  water  at  about  60''  (140°  F.).  It  has  a 
pleasant  aromatic  odour,  and  dissolves  readily  in  alcohol  and  ether,  but  not  in 
cold  water,  although  hot  water  dissolves  it  more  readily  ;  its  aqueous  solution  is 
coloured  a  dirty  violet  by  ferric  chloride.  It  forms  crystalline  alkali-metal 
derivatives,  and  an  oily  ammonium  derivative,  which  soon  loses  ammonia  on 
exposure  to  the  air  ;  aniline  enters  into  reaction  with  it  to  form  a  crystalline 
body  of  the  composition  C,3H^^N0  =  C^H^O^  +  C^H^N  -  OH2  (Herzfeld,  ibid.,  x. 
1 267).  It  combines  with  the  acid  sulphites,  and  reduces  an  ammoniacal  solution 
of  a  silver  salt,  but  it  is  not  easily  oxidized  by  the  ordinary  oxidizing  agents. 
Fused  potassic  hydrate,  however,  readily  converts  it  into  potassic  paroxybenzoate. 
When  submitted  to  the  action  of  nascent  hydrogen  it  furnishes  a  mixture  of 
paroxybenzi/lic  alcohol,  CgH^(0H).CH2.0H,  and  of  hydroparoxybenzoiny 
[CgH^(0H).CH.0H]2 ;  apparently  there  is  no  isomeride  of  the  latter  formed. 
By  the  action  of  acetic  anhydride  on  its  potassium  derivative,  acetoparoxybenzoic 
aldehyde,  CgH^(C2H30j.COH,  is  formed;  and  by  boiling  it  with  acetic  anhydride 
the  aceto-diacetin,  CgH^(C2Hg02).CH(C2H302)2,  is  produced.  If  the  sodium 
derivative  of  paroxybenzoic  aldehyde  be  boiled  with  acetic  anhydride  and  sodic 
acetate,  the  acetyl  derivative  of  paracoumaric  acid,  CgH^(OH).CHlzCH.COOH, 
is  formed. 

(1657)  Paeamethoxybenzoic  or  ANISIC  ALDEHYDE ;  hydride  of  anisy I  : 
CgH^(0CH3).C0H,  may  be  obtained  by  digesting  a  mixture  of  paroxybenzoic 
aldehyde,  potassic  hydrate,  methylic  iodide,  and  methylic  alcohol  (Tiemann 
and  Herzfeld),  but  is  usually  prepared  by  the  oxidation  of  oil  of  anise  (comp. 
Kossel,  Ann.  Chem.  Pharm.,  cli.  25).  It  is  a  colourless  liquid  of  aromatic 
odour,  boiling  at  about  250°  (482°  F.),  which  rapidly  absorbs  oxygen  from 
the  atmosphere,  being  converted  into  anisic  or  paramethoxybenzoic  acid ; 
when    heated    with    an    alcoholic   solution    of   potassic    hydrate,  it   yields   a 
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mixture  of  potassic  anisate  and  of  anisic  alcohol.  In  other  respects  it  most 
closely  resembles  benzoic  aldehyde:  forming  a  crystalline  compound  with  hydric 
sodic  sulphite ;  being  converted  into  /i^dranisoin  and  isohydranisoin,  the 
methoxy-derivatives  of  hydro-  and  isohydrobenzoin,  by  the  action  of  nascent 
hydrogen;  into  anishydramid  by  the  action  of  ammonia;  and  into  anisoin,  the 
analogue  of  benzoin,  by  treatment  with  potassic  cyanide  solution.  When  heated 
with  acetic  chloride,  it  is  converted  into  a  humus-like  substance  (Rossel).  According 
to  Perkin,  it  yields  paramethoxyphenacrylic  acid,  CgH^(OCHg).CHzzCH.COOH, 
when  heated  with  sodic  acetate  and  acetic  anhydride ;  and  by  employing  propionic 
and  butyric  anhydrides  the  homologous  paramethoxyphenylcrotonic  and 
phenylangelic  acids  may  be  obtained.  These  acids,  on  distillation,  are  decom- 
posed with  evolution  of  carbonic  anhydride,  paramethoxyphenylcrotonic  acid, 
CqH^(0CHJ.C3H^.C00H,  yielding,  moreover,  a  body  which  is  apparently 
identical  with  anethol,  CgH^(OCH3).C3Hg,  the  chief  constituent  of  oil  of  anise. 

(1658)  Paeametadtoxtbenzoic  or  Peotocatechuic  aldehyde  : 
CyHgOg  =  CgH3(0H)„.C0H  (COH  :  OH  :  OH  =  i  :  3  :  4).  — Considerable  interest 
attaches  to  this  aldehyde  on  account  of  its  relation  to  vanillin  and  piperonal.  It 
is  formed  from  the  latter  by  heating  it  with  dilute  hydrochloric  acid,  carbon 
being  separated  ;  also  on  warming  dichlorpiperonal  with  water,  and  on  heating 
the  former  with  hydrochloric  acid.  It  crystallizes  from  water  in  flat  crystals, 
which  are  usually  arranged  in  concentric  groups;  it  melts  at  150°  (302°  F.), 
at  which  temperature,  however,  it  begins  to  decompose.  Its  aqueous-  solution, 
becomes  of  an  intense  pure  green  colour  on  the  addition  of  ferric  chloride  ;  on 
the  addition  of  a  small  quantity  of  sodic  carbonate  solution,  the  colour  changes 
to  violet,  whilst  a  larger  quantity  renders  it  a  magnificent  red.  If  dissolved  in 
an  excess  of  sodic  carbonate  solution,  it  may  be  extracted  by  ether,  but  not  if 
dissolved  in  a  solution  of  hydric  sodic  sulphite.  It  exhibits  powerful  reducing 
properties,  and  when  carefully  fused  with  potassic  hydrate,  it  is  oxidized  to 
protocatechuic  acid,  CpH3(0H)2.C00H  (Fittig  and  E-emsen,  .-Iww.  Chem.  Pharm.^ 
clix.  148;  clxviii.  93). 

(1659)  Paeoxymetamethoxybenzoic  ALDEHYDE;  metJiyl/protocatechuic 
aldehyde;  oxvanillin-X^fi^  =  C^H3(OH)(OCH3).COH(COH:OCH3:OH  =  1:3:4). 
— The  formation  of  this  compound  trom  coniferin,  a  glucoside  occurring  in  the 
cambium  of  coniferous  trees,  has  already  been  described  (p.  691);  it  is  also 
obtained  on  carefully  heating  opianic  acid,  CgH,^(OCH3)2(COH).COOH,  with  a 
concentrated  solution  of  zincic  chloride  (Armstrong),  and  it  is  to  this  substance 
that  vanilla,  the  fruit  of  a  climbing  orchidaceous  plant,  Vanilla  planifolia, 
growing  wild  in  Mexico,  Brazil,  and  other  tropical  countries,  owes  its  peculiar 
pleasant  aromatic  odour.  It  forms  colourless  needle-like  crystals,  soluble  with 
difficulty  in  cold,  but  easily  in  hot  water,  and  readily  soluble  in  alcohol  and 
ether  ;  it  melts  at  about  80"  (176°  F.),  and  if  carefully  heated  may  be  sublimed 
unchanged.  Its  aqueous  solution  is  strongly  acid,  and  it  furnishes  a  series  of 
metallic  derivatives  of  the  general  formula  CgH3(0R')(0CHj.C0H,  which 
mostly  crystallize  well.  By  digesting  the  potassic  derivative  with  methylic  alcohol 
and  methylic  iodide,  parametadimethoxy  ben  zoic  aldehyde,  CgH3(OCH3)2.COH,  is 
produced ;  whilst,  if  ethylic  alcohol  and  iodide  be  employed,  the  corresponding 
parethoxymetamethoxybenzoic  aldehyde,  CgH3(OC2Hg)(OCH3).COH,  is  obtained. 
The  former  crystallizes  in  colourless  needles,  melting  between  15°  and  20°  (59° 
and  68°  F.),  and  boils  at  285°  (545°  F.)  without  decomposition  ;  on  oxidation 
it  yields  the  corresponding  dimethoxybenzoic  acid.  The  latter  crystallizes  in 
large  prismatic  tables,  melting  at  65°  (149°  F.),  and  yields  an  ethmethoxybenzoic 
acid  on  oxidation,  identical  with  that  obtained  on  oxidation  of  ethyleugenol 
{1603).  When  vanillin  is  submitted  to  the  action  of  bromine  or  of  iodine,  it  is 
converted  into  bromo-  and  iodovanillin,  CgHyBrOj  and  CgH^IOj,  both  of  which 
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are  crystalline.  By  digesting  it  for  some  time  with  dilute  hydrochloric  acid  at 
200°  (392°  F.),  protocatechuic  aldehyde  and  methylic  chloride  are  produced ;  and 
when  it  is  heated  with  potassic  hydrate,  the  potassic  salt  of  protocatechuic  acid 
is  obtained.  It  yields  a  mixture  of  va7Lillylic  alcohol,  CgH3(OH)(O0Hj^).CH2.OH, 
and  oi  hydrovanilloin,  (C^HyOg.CH.OH)^,  when  submitted  to  the  action  of  nascent 
hydrogen  ;  the  former  is  easily  soluble  in  ether,  alcohol,  and  warm  water,  and  like 
saligenol  (saligenin)  is  converted  into  an  insoluble  resinous  compound  analogous  to 
saliretin  when  treated  with  dilute  acids ;  the  latter  is  almost  insoluble  in  cold  water, 
very  slightly  soluble  in  boiling  water  or  alcohol,  and  insoluble  in  ether.  Vanillin  is 
not  extracted  by  ether  when  dissolved  in  a  solution  of  hydric  sodic  sulphite  (Tiemann 
andHaarmann, Deut. cTiem.  Ges.  Ber.,  vii.  608 ;  Tiemann,  ibid.,  viii.  1123;  ix. 409. 

(1660)  Paeametamethylen.xybenzoic    aldehyde  ;     methyleneproto- 

cateehuic  ov  jpiperonylic  aldehyde;  piperonal :  CgHgOg  =  CgHg(C0H)j^|-CH2. 

— This  aldehyde  is  formed  on  oxidation  of  piperic  acid  (q.  v.),  G^^^fi^,  with 
potassic  permanganate.  It  is  only  sparingly  soluble  in  cold,  but  more  readily  in 
hot  water,  from  which  it  crystallizes  on  cooling  in  large,  colourless,  transparent, 
lustrous  prisms,  having  an  odour  resembling  that  of  coumarin  ;  it  melts  at  37° 
(98°'6  F.),  and  boils  at  263°  (505°-4  F.).  It  forms  a  crystalline  compound 
with  hydric  sodic  sulphite,  and  on  oxidation,  it  is  converted  into  piperonylic  acid, 
CgHgO^.  When  submitted  to  the  action  of  nascent  hydrogen,  it  yields  piperonylic 
alcohol,  CgHgOg,  together  with  hydropiperoin  and  isohydropiperoin,  C^gH^^Og, 
two  isomeric  dihydric  alcohols  which  manifest  the  closest  resemblance  in  their 
properties  to  hydrobenzoin  and  isohydrobenzoin  (1525)  ;  piperonylic  alcohol 
melts  at  51°  (i23°'8  F.),  hydropiperoin  at  202°  (395°'6  F.),  and  isohydro- 
piperoin  at  135°  (275°  F.) ;  of  the  last  two  compounds  the  latter  is  far  more 
soluble  in  water  and  alcohol,  and  both  are  more  soluble  than  the  monohydric 
alcohol.  When  piperonal  is  acted  upon  b}'  phosphoric  pentachloride,  it  yields 
either  piperonal  chloride,  CyllgO^.CHClj,  or  dichloropiperonal  chloride, 
CyllgClgOg.CHClg,  according  to  the  proportions  employed ;  both  these  compounds 
are  liquids,  and  boil  respectively  at  240° — 250°  (464° — 482°  F.)  and  280*^ 
(536°  F.);  the  former  in  contact  with  water  is  reconverted  into  the  aldehyde, 
whilst  the  latter  yields  a  dichlorinated  derivative  of  the  aldehyde,  CjHgCl^O^.COH, 

which  doubtless  has  the  formula  CgH3(C0H)  \  r\\  CCl^,  as  on  warming  with 

water  it  completely  decomposes  into  protocatechuic  aldehyde,  carbonic  anhydride, 
and  hydrochloric  acid : 

CAICOH)  I  ^  I  CCl,  +  2OH,  =  CgH3(0H),.C0H   +   CO,   +    2HCI. 

The  formula  assigned  by  Fittig  and  Eemsen  to  piperonal  is  placed  beyond  doubt 
by  their  discovery  that  piperonylic  acid  may  be  synthesized  by  heating  proto- 
catechuic acid  with  potassic  hydrate  and  methylenic  iodide,  CHjI^  {Ann.  Chem. 
Pharm.,  clii.  25  ;  clix.  129;  clxviii.  93). 

(1661)  Somologues  of  benzoic  aldehyde. — Two  aldehydes  derived  from 
toluene  or  methylbenzene  and  one  from  (?)  isopropylbenzene  are  known;  by 
boiling  sycocerylic  alcohol  (1482)  with  a  dilute  aqueous  solution  of  chromic 
acid  (De  la  Rue  and  Miiller,  Journ.  Ghem.  Soc,  v.  62)  obtained,  on  one  ocja- 
sion,  a  crystalline  neutral  substance,  which  probably  was  the  corresponding 
aldehyde.  Paratoluic  or  paramethylbenzoic  aldehyde,  CHg.CgH^.COH,  and 
a  toluic,  phenylacetic  or  phenethaldehyde,  CgHg.CH^.COH,  are  respectively 
obtained  by  distilling  the  calcic  salts  of  paratoluic  and  phenylacetic  acids  with 
calcic  formate.  The  former  is  an  oily  liquid,  boiling  at  204°  (399°'2  F.)  ;  the 
latter  is  solid,  but  has  not  been  obtained  in  a  crystalline  state,  separating  from 
its  ethereal  solution  as  a  gelatinous  mass  (Kadziszweski). 
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Cumic  or  cuminic  aldeliyde,  or  cuminol,  CgH^.CgH^.COH,  iti  contained 
together  with  cymene  in  the  essential  oil  of  cumin  {Cuminum  cyminum)^  and  also 
in  that  of  the  water  hemlock  {Cicuta  virosa).  It  may  be  separated  by  shaking 
the  oil  with  a  concentrated  solution  of  hydric  sodic  sulphite,  and  then  decomposing 
the  crystalline  compound  which  separates  by  sodic  carbonate,  after  purification  in 
the  usual  way  by  pressure  and  washing  with  alcohol.  Cumic  aldehyde  is  a 
colourless  oil,  having  a  powerful  odour  of  cumin,  boiling  at  about  237° 
(458°"6  F.).  In  all  respects  it  exhibits  the  closest  resemblance  to  benzoic 
aldehyde,  absorbing  oxygen  on  exposure  to  moist  air,  and  being  converted  into 
cumic  acid,  which  is  also  formed  from  it  by  the  action  of  the  weaker  oxidizing 
agents ;  when  boiled  with  chromic  acid,  however,  it  yields  terephthalic  acid, 
which  is  a  proof  that  the  groups  CgH^  and  COH  are  relatively  in  the  positions 
1-4.  It  is  generally  supposed  that  the  group  CgH^  has  the  constitution  of 
isopropyl,  CH(C  1X3)2,  as  according  to  the  investigation  of  Fittig,  Ahrens,  and 
Mattheides  [Ann.  Chem.  Pharm.,  cxlix.  325),  the  hydrocarbon  CgH^^  obtained 
on  distilling  cumic  acid  with  calcic  hydrate  is  not  identical  with  normal  propyl- 
benzene ;  but  the  correctness  of  this  conclusion  is  somewhat  open  to  doubt, 
especially  as  cumic  aldehyde  occurs  together  with  cymene  or  normal  propyl- 
methylbenzene,  and  as,  moreover,  thymol  and  carvacrol,  and  apparently  also  the 
terpenes  are  normal  propyl  derivatives. 

§   IV.      MONALDEHYDES    OF    OTHER    SeRIES. 

The  only  monaldehydes  known  besides  those  already  described 
are  the  so  called  fiirfurol  and  fucusol,  C^H^O.COH^  cinnamic 
aldehyde,  CgH^  COHg,  diphenethaldehyde,  CH(CgH5)3.COH,  and 
two  isomeric  naphthoic  aldehydes^  C-^qH„.COH. 

(1662)     FURFUEALDEHYDE      Or      a-PYEOMUCIC       ALDEHYDE;     furfurol  : 

CgH^O^  =  C^HgO.COH. — This  aldehyde  is  formed  on  heating  flour,  bran,  sawdust, 
and  other  vegetable  substances  with  dilute  sulphuric  acid  or  zincic  chloride  solution ; 
it  is  also  produced  in  small  quantity  on  heating  various  kinds  of  wood  merely  with 
water  in  closed  vessels,  at  an  elevated  temperature  (G.  Williams ;  Hugo  Miiller), 
and  is  the  chief  constituent  of  the  oil  which  passes  over  with  the  steam  on 
rectifying  the  crude  product  of  the  distillation  of  wood  at  temperatures  below 
200°  (392°  F.)  (Heill,  Deut.  chem.  Ges.  Ber.,  x.  936).  According  to  Sten- 
house,  a  very  advantageous  process  for  preparing  it  is  to  distil  bran  with  more 
than  half  its  weight  of  sulphuric  acid,  previously  diluted  with  two  parts  of 
water.  Schwanert,  however  {Ann.  Chem.  Pharm.,  cxvi.  257),  recommends  the 
proportions  100  pts.  sulphuric  acid,  300  pts.  water,  and  100  pts.  bran,  from 
which  he  obtains  3  pts.  of  the  aldehyde. 

Furfuraldehyde  is  a  colourless,  highly  refracting  oil,  which  soon  becomes 
coloured  when  kept,  doubtless,  however,  in  consequence  of  the  presence  of 
impurity  (comp.  Stenhouse,  R.  Soc.  Proc,  xviii.  537);  it  boils  at  about  163° 
(325°-4  F.),  and  at  i$°'6  (60°  F.)  has  the  sp.  gr.  1-1648.  It  dissolves  in 
about  12  pts.  of  cold  water,  but  mixes  with  alcohol  in  all  proportions.  When 
boiled  with  water  and  argentic  oxide,  it  yields  the  silver  salt  of  ^yromucic 
acid,  C^HgO  COOH ;  and  the  potassic  salt  of  this  acid  is  formed,  together 
with  farfarylic  alcohol,  C^HgO.CHg.OH,  when  It  is  treated  with  an 
alcoholic  solution  of  potassic  hydrate  (Limpricht,  Ann.  Chem.  Pharm.,  clxv. 
300).  This  alcohol  is  more  readily  lu-epared  by  the  action  of  sodium  amalgam 
on  an  aqueous  solution  of  the  aldehyde  maintained  acid  by  the  addition  of  acetic 
acid  J  on  extracting  the  solution  with  ether,  and  distilling  off  the  ether  from  the 
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extract,  it  remains  as  a  syrup  ;  this,  when  exposed  over  sulphuric  acid,  gradually 
dries  up  to  a  colourless  resin,  which  at  once  becomes  green  when  moistened  with 
hydrochloric  acid  (Baeyer,  Deut.  chem.  Ges.  Ber.,  x.  355).  Furfuraldehyde 
forms  a  crystalline  compound  with  hydric  sodic  sulphite  ;  and  by  the  action  of 
sulphuretted  hydrogen  it  is  converted  into  thiofurfurol,  C^HgO.CSH,  which  is  a 
white  crystalline  substance.  In  contact  with  ammonia  it  forms  furfuramlde, 
Ci6Hj2^203  =  3C5H^O,+  2NH3-30H2,  a  white  crystalline  neutral  body,  in' 
soluble  in  water,  melting  at  117°  (242°-6  F.)  (R.  Schiff),  which  is  at  once 
decomposed  by  acids  with  formation  of  furfuraldehyde  and  an  ainmonic  salt, 
whilst  on  heating  it  at  120°  (248*^  F.),  or  by  boiling  with  potassic  hydrate 
solution,  it  is  converted  into  the  isomeric  furfurine,  a  strongly  basic  substance. 
Furfurine  crystallizes  in  white  needles,  which  melt  at  116°  (240°'8  F.) ;  it 
yields  a  number  of  crystalline  salts,  such  as  the  hydrochloride,  C^gHj^N^OgCl. 
On  treatment  with  acetic  anhydride  it  furnishes  a  monacetyl  derivative, 
Cj5Hjj(C2H30)N203,  which  combines  with  6  atoms  of  bromine  (R.  Schiff,  ibid.,  x. 
1 1 86).  By  the  action  of  aniline  hydrochloride  and  aniline  on  furfuraldehyde  in 
alcoholic  solution,  furfuraniline  hydrochloride,  (?)  C^yH^gO^N^Cl,  is  obtained,  in 
the  form  of  beautiful  purple-coloured  crystals.  Furfuraldehyde  is  not  affected  by 
hydrochloric  acid,  but  on  adding  this  acid  to  a  mixture  of  phenol  with  the 
aldehyde,  a  blue  colour  is  produced,  which  becomes  green  on  dilution  with  alcohol, 
a  condensation  product  being  formed  (Baeyer).  On  heating  furfuraldehyde  with 
acetic  anhydride  and  sodic  acetate,  &c.,  it  is  converted  into  furfuracrylic  ajid : 
C,H30.C0H  +  CH3.C00H  =  C,H30.CHZZCH.C00H  +  0H2  (Baeyer,  he.  cit., 
and  ibid.,  695,  1358). 

The  most  satisfactory  expression  of  the  constitution  of  furfuraldehyde  appears 
to  be  afforded  by  the  following  formula,  the  arguments  for  the  adoption  of  which 
will  be  discussed  under  pyrouiucic  acid : 

HC  ZIZZ  CH 

I  I 

HC  CH 

\/ 

(1663)  FUCUSALDEHYDE  or  /3-PyEOMDCIC  ALDEHYDE;  fucusol:  C^llfi^=: 

C  H3O.COH. — This  isomeride  of  furfuraldehyde  is  formed  on  distillation  of  sea- 
weed— e.g.,  Fucus  nudosus,  vesiculatus,  serratus,  &c.,  with  dilute  sulphuric 
acid ;  and  is  perhaps  also  produced  on  similar  treatment  of  some  mosses  and 
lichens  (Stenhouse,  Ann.  Chem.  Pharm.,  xxxv.  301  ;  Ixxiv.  278;  R.  Soc. 
Proc,  XX.  80).  Fucusaldehyde  boils  at  about  172°  (34i°'6  F.)  ;  it  resembles 
furfuraldehyde  in  most  of  its  properties,  but  appears  to  be  less  stable.  It  is 
converted  into  the  silver  salt  of  ^-pyromucic  acid  on  boiling  with  water  and 
argentic  oxide,  and  in  contact  with  ammonia  forms  fucusamide,  C^gH^^N^Og, 
cwhich  by  boiling  with  pota.ssic  hydrate  solution  is  transformed  into  the  isomeric 
fucusine,  which  is  distinguished  from  the  isomeric  furfurine  by  crystallizing  'w 
small  laminae  united  in  stellate  groups  ;  fucusine  yields  crystalline  salts  such  as 
the  nitrate  C,,H^3N,03(N03). 

(1664)  CiNNAMic  or  Phenylaceylic  ALDEHYDE:  CgH^.CHzzCH.COH 
or  CgHgO. — This  aldehyde  forms  the  greater  portion  of  the  oils  of  cinnamon  and 
cassia,  in  which  it  occurs  along  with  a  small  quantity  of  hydrocarbons  (terpenes) ; 
it  may  readily  be  extracted  by  agitating  either  of  the  oils  with  a  concentrated 
solution  of  sodic  or  potassic  hydric  sulphite,  separating  the  crystalline  mass,  and 
washing  it  with  alcohol.  When  this  is  decomposed  with  dilute  sulphuric  acid, 
the  aldehyde  separates  as  an  oil  which  may  be  washed,  dried,  and  distilled. 

Cinnaraic  aldehyde  is  formed  on  oxidization  of  cinnamio  alcohol  (1483)  by 
oxygen  in   presence  of  platinum   black,   and  is  produced  synthetically  when  a 
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mixture  of  benzaldehvde  and   ethaldehyde  is  saturated  with  hydrochloric  acid 
gas  :  C  H^.COH  +  CH,.COH  -  C  H,.CH— CH.COH  +  0H„. 

It  is  a  colourless  oil,  heavier  than  water,  and  insoluble  in  it ;  it  boils  at  about 
248°  (478'^*4  F.),  being  slightly  decomposed,  and  readily  volatilizes  with 
vapour  of  water.  It  gradually  absorbs  oxygen  on  exposure  to  the  air,  being 
converted  into  cinnamic  acid ;  the  more  powerful  oxidizing  agents  convert  it 
into  benzoic  aldehyde  and  benzoic  acid.  When  submitted  to  the  action  of 
ammonia,  it  yields  crystalline  hydrocinnamide,  Cg^H.^^N^.  By  heating  it  with  acetic 
anhydride  and  sodic  acetate  and  the  homologous  compounds,  Perkin  has  obtained 
a  series  of  acids  such  as  cinnamenylacrylic  acid,  CgHg.CHzzCH.CHzzCH.COOH 
(Journ.  Chem.  Soc,  1877,  i.  403). 

(1665)  DiPHENETHALDEHYDE  :  CH(CgHg)2.C0H,  is  formed  together  with 
diphenylethylenic  oxide  on  distillation  of  hydrobenzoin  and  isohydrobenzoin  with 
dilute  sulphuric  acid  ;  it  is  a  colourless  oil,  yielding  diphenylketone,  C0(CgHj)2, 
on  oxidation  (Zincke,  Deut.  chem.  Ges.  Ber.,  ix.  1769). 

(1666)  Naphthoic  aldehydes:  C^^HgO  =  C^^^Hy.COH. — When  a  mix- 
ture of  the  calcic  salts  of  a-  and  j3-naphthoic  acids  is  distilled  with  calcic 
formate,  a  mixture  of  the  corresponding  aldehydes  is  obtained.  The  pure 
/3-aldehyde  is  formed  together  with  much  naphthalene  when  pure  /3-naphthoate 
is  employed,  but  the  a-aldehyde  cannot  be  prepared  from  the  pure  a-naphthoate, 
probably  owing  to  the  comparatively  low  temperature  at  which  the  salt  decomposes. 
a-Naphthoic  aldehyde  is  an  oily  liquid,  boiling  at  about  280°  (536°  F.),  but  it 
cannot  be  distilled  alone  without  decomposition.  ^-Naphthoic  aldehyde  crys- 
tallizes in  lustrous  plates,  which  melt  at  59°'5  (i39°'i  F.) ;  it  is  only  very 
slightly  soluble  in  cold  water,  but  readily  in  alcohol  and  ether  (Battershall,  Ann, 
Chem.  IP  harm.,  qX^lViii.  114). 

§  V.     DiALDEHYDES. 

The  only  dialdehydes  at  present  known  are  oxalic  aldehyde 
or  glyoxalj  COH.COH,  succinic  aldehyde,  CoH^(COH)2,  and  the 
isomeric  phthalic  and  terephthalic  aldehydes,  CgH^(C0H)2. 

(1667)  Oxalic  aldehyde  ;  ^^;yoa7a^ ;  CgHgOg  =  COH.COH. — This  alde- 
hyde bears  the  same  relation  to  glycol  and  oxalic  acid  that  ethaldehyde  does  to 
ethylic  alcohol  and  acetic  acid.  It  was  discovered  by  Debus  in  1856,  when 
examining  the  products  of  the  action  of  nitric  acid  on  ethylic  alcjhol,  being 
formed  together  with  glycollic  acid,  CH2(0H).C00H,  glyoxylic  acid, 
CH(OH),.COOH,  and  oxalic  acid,  COOH.COOH,  &c.  Glyoxal  is  obtained  from 
the  neutral  liquid  remaining  after  the  separation  of  these  acids  as  calcic  salts 
{v.  glyoxylic  acid),  by  evaporating  it  to  a  syrup  and  mixing  the  residue  with 
several  times  its  volume  of  a  concentrated  solution  of  hydric  sodic  sulphite; 
after  a  time,  the  sides  of  the  vessel  become  covered  with  a  white  crystalline  crust 
of  the  compound  of  the  aldehyde  with  the  acid  sulphite  [CH(OH).S08Na]2  +  OH^ ; 
this  may  be  purified  by  dissolving  it  in  the  smallest  possible  quantity  of 
boiling  water,  and  allowing  the  solution  to  cool  quickly.  This  compound  is  con- 
verted into  the  barium  salt  by  mixing  a  concentrated  solution  with  baric  chloride 
solution ;  the  barium  salt  is  then  exactly  decomposed  with  sulphuric  acid,  and 
the  filtrate  from  the  baric  sulphate  evaporated  to  dryness.  The  aldehyde  cannot 
be  separated  by  means  of  sodic  carbonate,  as  on  adding  this  salt  the  liquid 
becomes  yellowish-brown,  and  a  dark-coloured  precipitate  is  produced.  According 
to  Lubavin  {Deut.  chem.  Ges.  Ber.,  viii.  768;  Wyss,  ibid.,x.  1,365),  it  is  far 
more  advantageous  to  employ  a  mixture  of  equal  pirts  of  etlialdehyde  a  id  water 
than  alcohol:  100  parts  of  ethaldehyde  yielding  from  45  to  100  of  the  com- 
pound of  glyoxal  with  hydric  sodic  sulphite. 
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Oxalic  aldehyde  is  a  transparent,  amorphous,  deliquescent  substance,  extremely 
soluble  in  water,  alcohol,  and  ether.  It  reduces  an  ammoniacal  solution  of  a 
silver  salt  with  great  facility  ;  a  small  quantity  of  very  dilute  nitric  acid  converts  it 
into  glyoxylic  acid,  CH(0H)2.C00H,  while  by  a  larger  quantity  even  of  the 
very  dilute  acid  it  is  converted  into  oxalic  acid.  Alkalies  convert  it  even  in  the 
cold  into  the  corresponding  salt  of  glycolic  acid,  CH2(0H).C00H.  On  passing 
ammonia  into  its  ethereal  solution,  a  white  precipitate  is  formed,  apparently  con- 
sisting of  the  compound  with  ammonia,  but  when  it  is  submitted  to  the  action 
of  strong  aqueoua  ammonia,  glyoxaline,  CgH^N^,  and  glyco.sine,  CgHgN^,  are  pro- 
duced, the  former  being  the  chief  product.  Glycosine  is  produced  merely  by  the 
separation  of  the  elements  of  water  :  T^Qfi^^  +  4NH3  =  CgH^N^  +  6OH2,  but  the 
formation  of  glyoxaline  is  accompanied  by  that  of  formic  acid :  2C20.^H2  +  2NH3  = 
CgH^Ng  +  H^^^H  +  2OH2  (Debus,  ^ww.  Chem.  Pharm,  c'n.  20;  cvii,  199; 
ex.  316;  cxviii.  253).  Glycosine  is  nearly  insoluble  in  cold,  sparingly  soluble 
in  hot  water  ;  it  may  be  sublimed  by  careful  heating,  forming  a  bulky  sublimate 
consisting  of  needle-shaped  crystals ;  it  dissolves  in  hydrochloric  acid  solution, 
yielding  a  crystalline  hydrochloride  ;  and  also  dissolves  in  sodic  hydrate  solution 
on  boiling.  Glyoxaline  is  very  soluble  in  water,  and  the  solution  is  strongly 
alkaline.  According  to  Wyss  {loc.  cit.)  it  crystallizes  in  large  glistening 
prisms,  which  melt  at  about  88°  (i90°'4  F.),  and  it  boils  constantly  at  255° 
(491°  P.).  Its  vapour  density  corresponds  with  the  formula  C^H^N^.  It  is 
not  acted  upon  by  acetic  chloride  or  anhydride,  or  by  benzoic  chloride ;  but  when 
it  is  warmed  with  ethylic  bromide,  a  single  atom  of  hydrogen  is  displaced  by 
ethyl,  and  the  resulting  compound  unites  with  a  molecule  of  the  bromide.  It 
is  entirely  decomposed  by  potassic  permanganate,  but  is  not  affected  by  chromic 
acid ;  reducing  agents  are  without  action.  Bromine  converts  it  into  tribromo- 
glyoxaline,  CgHBrgNg,  which  exhibits  marked  acid  properties,  dissolving  in 
alkaline  solutions,  from  which  it  is  precipitated  unchanged  on  the  addition  of  an 
acid  ;  by  the  addition  of  salts  of  the  heavy  metals  to  solutions  of  the  alkali  metal 
derivatives,  white  insoluble  or  difficultly  soluble  precipitates  of  the  corresponding 
metallic  derivatives  are  produced.  The  silver  derivative,  CgAgBrgN^'  '-"^  remarkable 
for  its  stability  ;  by  digesting  it  with  methylic  or  ethylic  iodide,  methyl-  and  ethyl- 
tribromoglyoxaline  are  obtained.  A  silver  derivative  of  glyoxaline,  CgAgHgN^, 
is  obtained  as  a  white  voluminous  precipitate  on  adding  argentic  r.itrate  to  its 
aqueous  solution ;  and  from  this  compound  corresponding  methyl  and  ethyl 
derivatives  may  be  prepared  by  the  action  of  methylic  and  ethylic  iodides.  From 
these  observations  Wyss  concludes  that  glyoxaline  and  its  silver  and  bro mo- 
derivatives  are  most  probably  represented  by  the  following  formulae : 

HC^  ,  HC  BrC 

HC^  HC  BrC^ 

1  I  I 

HC— NH  HCHNAg  BrCllNH 

Glyoxaline,  Silver  glyoxaline.  Tribromoglyoxaline. 

According  to  SchiflF(G^az.  chim.  ital,  iv.  16),  when  hydrochloric  acid  gas  is 
passed  into  a  solution  of  glyoxal  in  acetic  acid,  and  the  mixture  is  allowed 
to  stand,  it  deposits  a  white  crystalline  powder  very  similar  to  potato-starch 
in  appearance.  This  compound,  kydrohexaglyoxal,  Q^fi^p^^,  is  formed  by  the 
condensation  of  6  mols.  of  glyoxal,  and  the  assimilation  of  i  mol.  of  water ;  it  is 
destitute  of  aldehydic  character,  however,  but  appears  to  contain  a  single  OH 
group,  as  it  yields  a  monaceto -derivative  when  treated  with  acetic  anhydride. 
It  is  almost  insoluble  in  all  ordinary  solvents,  and  is  a  body  of  great 
stability. 

3  3d 
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(1668)  Succinic  aldehyde:  C^Hp._^  =  CH„(C0H).CH„(C0H). —  This 
aldehyde  is  produced  by  the  action  of  sodium  amalgam  on  a  mixture  of  succinic 
chloride,  acetic  acid,  and  ether.  It  is  liquid  and  soluble  in  water,  and  boils  at 
about  202°  (395°'6  F.).  It  forms  a  crystalline  compound  with  hydric  sodic 
sulphite ;  oxidizing  agents  convert  it  into  succinic  acid ;  on  heating  it  with 
baric  or  calcic  hydrate  and  water  the  corresponding  salt  of  normal  oxybutyric 
acid,  CH2(OH).CH2.CH2.COOH,  is  formed  (A.  SaytzefF,  Ann.  CJiem.  Fharm., 
clxxi.  251.) 

(1669)  Phthalic  ALDEHYDE  :  C^'Efi^=  (?)  CgH^(C0H)2.— This  aldehyde 
is  formed  when  phthalic  chloride  is  digested  with  zinc  and  dilute  hydrochloric  acid 
(Kolbe  and  Wischin,  Journ.  Chem.  80c. ,  xix.  339),  or  with  magnesium  and 
acetic  acid  (Baeyer),and  is  best  prepared  by  the  former  method,  using  an  ethereal 
solution  of  the  chloride  (Baeyer,  Deut.  chem.  Ges.  Ber.,%.  123  ;  Hessert,  ibid.^ 
1445).  It  crystallizes  in  small  rhombic  plates,  melting  at  65°  (149°  F.),only 
slightly  soluble  in  cold,  but  more  readily  in  hot  water ;  it  is  readily  oxidized  to 
phthalic  acid  by  an  alkaline  solution  of  potassic  permanganate.  Like  the  aldehydes 
generally,  it  forms  a  crystalline  compound  with  hydric  sodic  sulphite.  Alkalies 
readily  transform  it  into  phthalaldehydic  acid,  CgHgOg,  which  on  mere  boiling 
with  water  is  reconverted  into  the  aldehyde-  By  the  action  of  sodium  amalgam 
on  its  alcoholic  solution,  a  crystalline  compound  of  the  formula  C^gH^^O^^ 
C,H,(CH,  OH).CH(OH).CH(OH).CgH^(CH,.OH)  is  produced,  together  with  a 
non-crystalline  body  which  perhaps  is  the  compound  CgH^(COH).CH„.OH. 

(1670)  Teeephthalic  aldehyds:  CgHgO^  =  CgH^(C0H)2(C0H  : 
COH  =  1:4. — According  to  Grimaux  (Cowj?^.  JKe»dJ.,lxxxiii.  82  5),this  aldehyde  is 
formed  on  heating  the  dichloroparaxylene  of  the  formula  G^J^O}lf^\)^  with 
plumbic  oxide  and  water.  It  crystallizes  in  long,  slender,  colourless  needles, 
which  melt  at  about  114°  (237°*2  F.). 


CHAPTER    IX. 

THE    KETONES. 

§  1.  Ketones  of  the  CO{C^H^^^-^^  Series ; — ^  II.  Ketones  of 
the  C\H,,^^.CO.C^H,,_^  and  CO{C^H,^^_^\  Series  ;—\  III. 
Ketones  of  other  Series.  Camphor ; —  §  IV.  Quinones  ; — 
§   V.  Sulphines  and  Sulphones. 

The  ketones  are  closely  related  in  their  properties  to  the 
aldehydes,  and  may  be  regarded  as  derived  from  them  by  the 
displacement  of  the  hydrogen  of  the  group  COH  characteristic 
of  the  aldehydes  by  hydrocarbon  radicles ;  they  may  also  be 
regarded  as  compounds  of  carbonic  monoxide  with  hydrocarbon 
radicles,  or  as  formed  by  the  displacement  of  the  OH  groups  in 
carbonic  acid,  C0(0H)2,  by  hydrocarbon  radicles ;  and  they  bear 
a  similar  relation  to  the  secondary  raonohydric  carbinols  that 
the  aldehydes  do  to  the  primary  monohydric  carbinols,  being 
formed  from  them  on  oxidation  in  precisely  the  same  manner  as 
the  aldehydes  are  from  the  primary  carbinols ;  thus  : 
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R^CH2(0H)       R^COH        E'^.CHtOH)        R'^.CO 

Primary  carbinol.  Aldehyde.  Secondary  carbinol.  Ketone, 

With  few  exceptions,  the  ketones  at  present  known  all  correspond 
to  the  general  formula  COR'g :  that  is  to  say,  they  consist  of 
only  monad  radicles  associated  with  the  group  CO. 

(1671)  Formation. — i.  By  oxidation  of  the  secondary  mono- 
hydric  carbinols,  which  may  be  represented  as  occurring  in  the 
following  manner : 

RVCH(OH)    +    (O  +  OH3)   =  RVC(0H)2    +   OH,; 
Il'2.C(OH)3   =   R'g.CO    +    OHg. 
(CH3)2.CH(OH)    +    (O  +  OH,)    =    (CHJ^.CIOH),    +    OH, ; 

Dimethyl  carbinol. 

(CH3),.C(0H),  =  (CH3),.C0   +   OH,. 

Dimethyl  ketone. 

2.  By  distillation  of  the  metallic  salts  of  the  acids,  and  par- 
ticularly of  the  baric  or  calcic  salts^  either  alone  or  mixed  with 
that  of  another  acid,  this  method  being  more  especially  appli- 
cable to  the  preparation  either  of  ketones  containing  only  radicles 
of  the  C^Hgjj^-^  series^  or  a  radicle  of  that  series  in  association 
with  an  isologous  radicle ;  the  reaction  is  precisely  analogous  to 
that  which  takes  place  in  the  formation  of  aldehydes  by  distil- 
lation of  the  salts  of  acids  with  a  formate,  the  group  OH  of  the 
COOH  group  in  the  acid  becoming  in  the  one  case  displaced  by 
hydrogen,  and  in  the  other  by  a  hydrocarbon  radicle  : 

(R'.C00)2Ca   =   R'o.CO    -f-    CaC03. 

Calcic  salt  of  acid.  Simple  ketone. 

(CH3.COO)2Ca   =    (CH3)2.CO    +    CaCOg. 

Calcic  acetate.  Dimethyl  ketone. 

(R'.C00)2Ca  +  {R.Q0O\Q2i   =   2W.CO.R'    +    2CaC03. 

Calcic  salt  of  acid.         Calcic  salt  of  isomeric,  Mixed  ketone, 

homologous  or  isologous  acid. 

(CgH,.C00)2Ca  +  (CH3.COO)2Ca  =   2CgH5.CO.CH3  +  2CaC03. 

Calcic  benzoate.  Calcic  acetate.  Phenylmethyl  ketone. 

3.  By  the  action  of  the  zinc  organo-metallic  compounds  on 
acid  chlorides,  the  product  being  at  once  treated  with  water. 
This  method  has  hitherto  only  been  applied  to  the  preparation  of 
simple  and  mixed  ketones  of  the  (CnH2n+-^)2CO  series,  and  of 
mixed  ketones  containing  a  radicle  of  the  CnH,^^!  series  in 
association  with  an  isologous  radicle. 

According  to  Pawlow's  recent  experiments  {Ann.  Chem.  Pharm.,  clxxxviii' 
104),  the  reaction  takes  place  in  the  manner  suggested  by  Wagner  and  Saytzeff 
{comp.  p.  412),  thus  : 

R'.COCl   +    Zn(C„H,,+,)2    =    R'.C(C,H^^,)(0.Zn(\H2,^,)Cl, 

he  product  at  this  stage  being  decomposed  on  treatment  with  water  in  accordance 
vith  the  following  equations  :  ■ 

3  p  2 
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R'.C(C„H,,^0(O.ZnC„H,„^,)Cl   +    2OH,   = 

E'.C(C,H,,^0(OH)C1    +    Zn(OHX   +    CJl,,^,-, 

E'.C(C,H2„^0(OH)C1    =    K'.CO.C,H,„^i  +    HCl. 

But  the  product  of  the  first  action  may  be  directly  converted  into  the  ketone  by 
the  action  of  a  further  quantity  of  the  acid  chloride  (Pavvlow)  : 

R'.C(C,H2„^,)(O.ZnC„H2„JCl   +    R'COCl   =    2R^C0,C,H,„^i    +   ZnCl,, 

Ko  that  the  amounts  of  acid  chloride  and  zinc  organo-metallic  compound 
requirecl  for  the  formation  of  the  ketone  would  appear  to  be  in  the  proportion  of 
2R'.C0C1 :  Zn(CnH2n  +  ^2  5  Pawlow  finds,  however,  that  it  is  often  advantageous 
to  employ  an  excess  of  the  zinc  compound,  especially  in  the  preparation  of  ketones 
containing  tertiary  radicles  of  the  form  C(CnH2n  4.  ^)^  (pinacolins),  the  most 
favourable  proportions  being  about  i  mol.  R.'COCl  to  1^  mols.  Zn{CjJt{2a  +  i\' 

4.  By  the  action  of  carbonic  monoxide  on  the  sodium 
organo-metallic  compounds  (Wanklyn) ;  as  only  the  radicles  of  the 
^nHgn+i  series  are  known  to  combine  with  sodium,  this  method 
is  restricted  to  the  formation  of  ketones  of  the  CO(C„H.2n+i)2 
series : 

CO   +    2NaC,H,„+i  =   CO(C„H2„+i)2  +   ^Na. 
CO   +   aNaCjH,  =   CO{C,li;,„^  +   aNa. 

Sodic  ethide.  Diethyl  ketone. 

5.  By  the  action  of  acid  chlorides  on  hydrocarbons  in 
presence  of  aluminic  chloride  (Friedel  and  Crafts^  Compt.  Rend., 
Ixxxiv.  1392.  1450 ;  Ixxxv.  74)  ;  for  example  : 

CgHg    +   CgH^.COCl   =    CgH5.CO.CgH5    +   HCl. 

Benzene.  Bezoic  chloride.  Dipheuyl  ketone. 

Other  chlorides,  such  as  zincic  and  ferric  chloride,  exert  a  similar  influence, 
and  not  only  organic  acid  chlorides,  but  also  the  chlorinated  as  well  as  bromi- 
nated  and  iodated  derivatives  of  hydrocarbons  having  the  halogen  associated 
with  carbon  atoms  forming  part  of  an  *'  open  chain"  in  like  manner  enter  readily 
into  reaction  with  hydrocarbons,  considerable  heat  being  developed  in  most 
cases.  Thus  on  passing  methylic  chloride  into  a  warm  solution  of  aluminic 
chloride  in  benzene,  mono-,  di-,  tri-,  and  even  tetramethylated  benzenes  are 
formed  ;  similarly,  benzylic  chloride  and  benzene  yield  di-  and  triphenylmethane, 
as  well  as  other  products  not  yet  investigated  ;  and  by  the  action  of  aluminic 
chloride  on  a  mixture  of  benzene  and  tetrachloromethane,  tetraphenylmethane, 
C(CgHg)^,  is  produced,  Chlorobenzene,  however,  is  entirely  without  action  on 
benzene  in  presence  of  aluminic  chloride.  The  manner  in  which  the  metallic 
chlorides  act  is  at  present  obscure,  however  ;  Friedel  and  Crafts  suppose  that  an 
aluminic  compound  is  first  formed  by  the  action  of  the  aluminic  chloride  on  the 
hydrocarbon,  which  then  enters  into  reaction  with  the  haloid  organic  compound, 
aluminic  chloride  being  regenerated  ;  thus : 

C,H^    +    Al.Cl,   =    C,H,.A1,C1,    +   HCl; 
C.H,,A1,C1,   +    C^H^CH^Cl   =    C,Hg.CH,.C,H,    +    Al^Cl,- 

The  discovery  of  this  property  of  certain  metallic  chlorides  of  inducing,  as  it 
were,  the  formation  of  haloid  acid  is  of  much  interest,  and  serves  to  throw  light 
on  the  production  of  hydrocarbons  by  Zincke's  method  {vid.  p.  359),  and  of  a 
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complex   mixture  of  olefines   and  paraffins  on    distilling    fermentation    amylic 
alcohol  with  zincic  chloride  (p.  194). 

6.  By  heating  acids  of  the  benzoic  and  naphthoic  series  with 
hydrocarbons  such  as  benzene  and  naphthalene  and  phosphoric 
anhydride,  whereby  under  the  dehydrating  influence  of  the 
anhydride  the  OH  of  the  COOH  group  of  the  acid  becomes 
separated  together  with  an  atom  of  hydrogen  from  the  hydro- 
carbon ;  thus  : 

C,H3   +  C,H,.COOH   +   P,0,   =   (C,H,),CO   +   2HPO3. 

7.  By  oxidation  of  the  acids  of  the  lactic  series,  and  of 
other  oxy-acids  of  the  general  formula  R'jjC(OH).COOH  j  for 
example  : 

(CH3)2C(OH).COOH  +  (O-hOH^)  =  (CH3)2C(OH)2  +  H^COg ; 

Oxyisobutyric  acid. 

{CH3),C(0H),  =  (CH,),CO  +    OH,. 

Dimethyl  ketone. 

8.  By  the  action  of  alkalies  on  ethylic  acetoacetate  and 
allied  compounds ;  thus  : 

CH3.C0.CH,.C00C,H,  +    Ba(OHX    =    CH3.CO.CH3  +  BaCOg  +   C.H^.OH. 

Ethylic  acetoacetate.  Dimethyl  ketone. 

This  method  is  perhaps  one  of  the  most  generally  available  for  the  preparation 
of  ketones.  Ethylic  acetoacetate  is  a  product  of  the  action  of  sodium  on  ethylic 
acetate  (q.  v.)  ;  when  treated  with  sodium,  it  yields  a  monosodlum  derivative, 
CHj.CO.CHNa^COOCgHg,  from  which  by  the  action  of  monohaloid  hydrocarbon 
derivatives  a  variety  of  compounds  of  the  form  CH^.CO.CHR'.COOCgHg  may  be 
obtained,  which  all  yield  ketones  of  the  form  CHg^.CO.CHgE.'  on  decom- 
position with  alkali ;  and  by  the  action  of  sodium  and  then  of  monohaloid 
hydrocarbon  derivatives  on  these  compounds,  a  series  of  bodies  of  the  form 
QH^.CO.G^' B' .QOOQ.^^  are  produced,  which  also  furnish  corresponding  ketones 
GK^.QO.QHR' B' .  Ethylic  propionate  may  in  a  similar  manner  be  converted 
into  the  compound  QR^.GYi^.{^O.CB.^.Q^^.QOOC^^  (Hellon  and  Oppenheim), 
from  which  doubtless  a  series  of  ethylated  ketones  are  derivable. 

9.  By  distillation  of  the  glycols  formed  by  hydrogenation  of 
the  ketones  with  sulphuric  acid ;   for  example : 

(UH3),C(OH).C(CH3),.OH   -   OH,  =  CH3.C0.C(CH33). 

Tetramethyl  glycol  (pinacone).  Methyl  tertiary-butyl  ketone  (pinacolin). 

The  formation  of  ketones  in  this  manner,  however,  is  obviously  the  result  of 
isomeric  change,  and  it  is  only  quite  recently  that  some  light  has  been  thrown 
on  the  manner  in  which  this  takes  place  by  the  experiments  of  Thorner  and 
Zincke  {Deut.  chem.  Ges.  Ber.,  ix.  1738,  1761).  According  to  Thorner,  two 
isomeric  compounds  are  formed  simultaneously  from  diparatolyl-diphenyl  ketone, 
one  being  a  derivative  of  ethylenic  oxide  and  the  other  a  ketone,  and  of  these  the 
former  is  readily  converted  into  the  latter  by  merely  warming  with  benzoic 
chloride  or  heating  with  acids;  thus: 
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(OH)C(C,H.)(C,H..CH,)       ^C(C.HJ(C.H..CH,)         ,  C,H, 

I  0       1  CO 

(0H)C(C.HJ(C.H..CH,)       ^C(C.H,)(C,H,.CH,)        *  C(C.H.)(C.H,.CH3), 

Ditolyldiphenylglyco'.  Ditolyldiphenethylenic  oxide.  Ketone. 

The  glycols  formed  by  hydrogenation  of  the  aldehydes  apparently  exhibit  a 
similar  behaviour,  as  the  so-called  hydrobenzoin  and  isohydrobenzoin  yield  both 
an  ethylenic  oxide  derivative  and  an  aldehyde  (Zincke)  ;  thus  : 

(OH)CH.C.H,  _/CH.CA  CH(C.H,). 

(OH)CH.C,H,  ^CH.C.H,  COH 

Hydro-  and  isohydrobenzoin.  Diphenethylenic  oxide.  Diphenethaldehyde. 

The  formation  of  derivatives  of  ethylenic  oxide  in  this  manner  is  perfectly 
normal,  being  analogous  to  that  of  ethylenic  oxide  itself  from  glycol ;  their 
conversion  either  into  an  aldehyde  or  a  ketone  is  the  consequence  of  the  trans- 
ference of  the  hydrocarbon  radicle  to  a  contiguous  carbon  atom,  so  to  speak,  in 
exchange  for  oxygen,  and  is  a  further  illustration  of  the  accumulation  of  hydro- 
carbon radicles  leading  to  the  production  of  more  stable  compounds,  of  which 
several  instances  have  been  previously  described  (pp.  399,  442). 

10.  By  heating  dihaloid  hydrocarbon  derivatives  of  the 
form  CCI2R3  with  water ;  for  example  : 

CCl^lC.H,),   -f    OH,   =   C0(C,H,)2  -F   2HCI. 

Diphenyldichloromethane.  Diphenyl  ketone. 

11.  Ketones,  and  especially  dimethyl  ketone  or  acetone, 
are  often  obtained  as  products  of  the  dry  distillation  of  complex 
highly  oxygenated  bodies  such  as  sugar,  and  of  wood. 

(1672)  Properties, — i.  The  majority  of  the  ketones  are 
volatile  liquids,  difficultly  soluble  or  insoluble  in  water;  they 
are  much  more  stable,  and  less  liable  to  change  and  to  enter  into 
reaction  with  other  bodies  than  the  aldehydes,  and  especially  do 
not  exhibit  the  tendency  to  polymerize  which  is  so  characteristic 
of  many  of  the  latter ;  they  also  oxidize  much  less  readily,  being 
without  action  on  an  ammoniacal  solution  of  a  silver  salt. 

2.  When  submitted  to  the  action  of  nascent  hydrogen,  they 
yield  a  mixture  of  a  monohydrij  secondary  carbinol,  and  of  a 
dihydric  alcohol  (so-called  pinacone)  :     . 

R'g.CO  +  HH  =  Il^2.CH(0H)  ;  2R'2.CO  +  HH  =         I 

R'2.C(0H) 

CH3.CO.CH3   +    HH   =   CH3.CH(OH).CH3. 

Dimethyl  ketone.  Dimethyl  carbiuol. 

2(CH3),.C0   +    HH    =   (CH3)3C(OH).C(OH)(CH3),. 

Dimethyl  ketone.  Tetramethyl  glycol. 

The  proportion  in  which  the  two  compounds  are  formed  depends  much  on 
the  conditions  of  experiment.  According  to  Friedel,  if  an  aqueous  solution  of 
acetone  be  treated  with  sodium  amalgam,  isopropylic  alcohol  is  almost  exclusively 
produced,  but  if  the  amount  of  ketone  dissolved  be  diminished  by  adding  potassic 
carbonate  to  the  water,  the  glycol  is  the  chief  product. 
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3.  The  ketones  do  not  furnish  corresponding  acids  on  oxi- 
dation, but  are  decomposed  into  products  containing  fewer  carbon 
atoms ;  it  has  been  shown,  chiefly  by  Popoff,  that  one  of  the 
hydrocarbon  groups  always  remains  in  combination  with  the 
CO  group,  and  forms  by  assumption  of  OH  the  corresponding 
acid,  whilst  "the  other  is  split  off  and  separately  oxidized.  For 
example  : 
CH3.CO.CH,.CH,.CH3+3(0  +  OHJ  -  CH3.COOH  + CH^.CH^.COOH  + 3OH,. 

Methylpropyl  ketoue.  Acetic  acid.  Propionic  acid. 

C.H^.CO.CHg    +    3(0  +  0Hj    -    C^H^.COOH    +    HCOOH    +    3OH,. 

Methylphenyl  ketoue.  Benzoic  acid.  Formic  acid. 

Apparently  it  is  always  the  less  stable  radicle  which  is  thus  split  off,  and 
the  product  or  products  of  the  oxidation  of  this  radicle  are  identical  with  those 
obtained  on  oxidation  of  the  corresponding  alcohol :  it  may,  in  fact,  be  supposed 
that  the  ketones  are  in  the  first  instance  resolved  into  an  acid  and  an  alcohol  on 
oxidation  in  the  manner  shown  by  the  general  equation : 

E^CO.R'    +    (0  +  OHj   =    R'.COOH    +    E'.OH  j 

Ketone.  Acid.  Alcohol. 

the  alcohol  being  then  at  once  further  oxidized. 

If  both  radicles  are  of  the  same  type — that  is  to  say,  if  both  are  normal  or 
iso-primary,  secondary  or  tertiary — but  contain  a  different  number  of  carbon 
atoms,  the  radicle  which  is  split  otf  is  always  that  which  contains  the  greater 
number  of  carbon  atoms.  From  ketones  containing  radicles  of  different  types, 
however,  if  they  belong  to  the  C0(CnH2n  +  ^\  series  and  contain  a  normal  and 
iso-primary  radicle,  the  iso-primary  is  removed;  while  from  those  containing  a 
normal  or  iso-primary  associated  with  a  normal  or  iso-secondary  radicle,  the  normal 
or  iso-secondary  radicle  is  split  off;  and  those  which  contain  a  normal  and  an 
iso-secondary  radicle  lose  the  latter.  The  behaviour  of  ketones  of  this  series 
containing  identical,  isomeric  or  homologous  normal  primary  or  isoprimary  radi- 
cles, may  therefore  be  briefly  expressed  by  the  general  equation  : 

CnH^+rCH,.CO.CH,.C^H,^  +  ,    +    3(0  +  OH,)   ^^ 

Normal  or  iso-primary  ketone. 

C,H2,+  ,.CH,.C00H   +   C^H^^  +  ^.COOH   +   3OH,. 

Primary  acid.  Acid. 

where  n  and  m  may  have  the  same  or  different  values,  the  nature  of  the  acid  or 
acids  obtained  depending,  of  course,  on  the  nature  of  the  radicles. 

The  behaviour    of  ketones   containing    identical,    isomeric    or  homologous 
normal  secondary  or  isosecondary  radicles,  may  in  a  similar  manner  be  exhibited 
by  the  equation : 
(CnH,„+,),CH.CO.CH(C^H,,+  ,),    +    2(0  +  0HJ   = 

Normal  or  iso-secondary  ketone. 

(CnH^n-fJ.CH.COOH    +    CO(C^H,,+  J,   +    2OH,; 

Secondary  acid.  Ketone. 

whilst  the  following  expression  indicates  the  nature  of  the  oxidation  products  of 
ketones  containing  a  normal  primary  or   isoprimary  radicle  associated  with  a 
normal  secondary  or  isosecondary  radicle : 
CnH,„+^.CH^.CO.CH(C^H,,+  ,),   +    (0  +  OH,)    = 

Normal  or  iso-primary  normal  or  iso-secondary 
ketone. 

C,H2,  +  ,.CH,.C00H  +    C0(C^H2^  +  J,   +    OH,. 

Primary  acid.  Ketone, 
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The  ketones  containing  tertiary  radicles  of  the  CnHjn  + 1  series  associated 
with  normal  primary  radicles  of  the  same  series,  which  are  almost  the  only 
ketones  with  tertiary  radicles  that  have  been  prepared,  behave  somewhat 
differently,  as  the  tertiary  radicle  remains  in  combination  with  the  CO  group, 
the  primary  radicle  being  split  oft"  and  separately  oxidized,  so  that  their  behaviour 
may  be  represented  by  the  equation : 

C(C,H,„+^)3.C0.CH,.C„H,„+,   +    3(0  + OH,)    = 

Primary  tertiary  ketone. 

C(C„H,„+J3.C00H    +    C,,H,„+,COOH    +    3OH,. 

Tertiary  acid.  Acid. 

These  ketones,  in  fact,  closely  resemble  those  containing  radicles  such  as  phenyl 
— i.e.,  in  which  the  CO  group  is  associated  with  a  carbon  atom  forming  part  of 
a  closed  chain — together  with  a  radicle  of  the  CaHan  4.1  series,  from  which  the 
latter  is  always  split  off  and  separately  oxidized  ;  thus  : 

C,H,.CO.C.,H,    +    3(0  + OH,)    =    C^H^COOH    +    CH3.COOH    +    3OH,. 

Ethylphenyl  ketone.  Benzoic  acid.  Acetic  acid. 

In  those  cases  in  which  the  methyl  group  is  split  off,  instead  of  formic  acid, 
which  is  the  normal  oxidation  product  of  this  group,  carbonic  anhydride  and 
water  are  obtained,  owing  to  the  further  oxidation  of  the  acid;  the  lower  ketones 
formed  as  the  first  products  of  oxidation  of  the  ketones  containing  secondary 
radicles  also  very  readily  undergo  further  oxidation  at  the  moment  of  formation. 

The  behaviour  of  several  of  the  ketones  of  the  CO(CuH2n+i)2 
series^  when  oxidized  by  concentrated  nitric  acid,  is  somewhat 
peculiar,  substances  being  produced  which  apparently  are  mono- 
nitro- derivatives  of  acids  of  the  acetic  series.  Thus,  dipropyl 
ketone  yields  a  body  of  the  composition  of  nitropropionic  acid, 
C2H4(N02).COOH,  and  dibutyl  and  dipentyl  ketones  furnish  com- 
pounds bearing  to  them  a  similar  relation  in  composition  (comp. 
Schmidt,  Deut.  chem.  Ges.  Ber.,  v.  599). 

4.  Certain  of  the  ketones  form  crystalline  compounds  with 
the  acid  sulphites  analogous  to  those  furnished  by  the  aldehydes, 
but  this  property  is  only  common  to  those  which  contain  the 
group  CH3  associated  either  with  a  primary  or  secondary  radicle 
of  the  C^Ilgn+i  series,  and  to  those  in  which  the  CO  group  is  not 
associated  with  a  carbon  atom  forming  part  of  a  closed  chain  ; 
those  which  contain  the  CHg  group  and  a  tertiary  radicle  of  the 
Cj^Hgn^^j  series  or  a  radicle  such  as  phenyl,  tertiary-butylmethyl 
ketone  or  pinacolin,  C(CH3)3.CO.CH3,  and  phenylmethyl  ketone, 
CgH5.CO.CH3,  for  example,  do  not  form  such  compounds. 

5.  Dimethyl  ketone  or  acetone  unites  with  hydrocyanic  acid, 
forming  an  exceedingly  unstable  cyano-derivative,  which  on 
digestion  with  hydrochloric  acid  solution  is  converted  into  oxyiso- 
butyric  acid  ; 

CH3.CO.CH3   +    HCN   =    (CH3)2C(OH).CN; 

Dimethyl  ketone.  Cyanodimethyl  carbinol. 

(CH3)2C(0H).CN  +  20H,  +  HC1  =  (CH3),C(0H).C00H  +  NH,CL 

Cyauisopropylic  alcohol.  Oxyisobutyric  acid. 
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It   has    not   been   ascertained^  however,  whether  this  property  is 
common  to  all  the  ketones ;  probably  it  is  not. 

6.  Crystalline  compounds  with  ammonia  analogous  to  those 
furnished  by  the  aldehydes  have  not  been  obtained  from  the 
ketones,  but  many  of  them  appear  to  enter  into  reaction  with 
ammonia  somewhat  after  the  manner  of  the  aldehydes,  forming 
more  or  less  complex  basic  compounds  with  separation  of  the 
elements  of  water  (comp.  p.  780).  Amines,  such  as  aniline, 
which  are  violently  acted  upon  by  the  aldehydes,  are  unaffected 
by  the  ketones ;  and  they  are  not  known  either  to  combine  or  to 
form  condensation  compounds  with  the  acid  amides,  such  as  are 
readily  yielded  by  the  aldehydes.  By  the  action  of  ammonia  and 
sulphuretted  hydrogen,  and  of  ammonia  and  carbonic  bisulphide 
respectively  on  dimethyl  ketone,  crystalline  compounds  are  formed, 
which  apparently  are  the  analogues  of  thialdin  and  carbothialdiu 
(p.  739),  but  this  property  has  not  been  observed  of  other 
ketones. 

7.  By  the  action  of  phosphoric  pentachloride  on  ketones,  the 
oxygen  is  displaced  by  the  equivalent  amount  of  chlorine  : 

CH3.CO.CH3    -f    PCI5    =    CH3.CCI2.CH3   +    POCI3. 

Dimethyl  ketone.  5-Dichloropropane. 

The   pentabromide   has    a   similar  action  in  many  cases,  and  in 
others  acts  as  a  brominating  agent. 

8.  When  submitted  to  the  action  of  chlorine  or  bromine,  they 
furnish  haloid  substitution  derivatives.  Dimethyl  ketone  forms 
an  unstable  additive  compound  with  bromine,  but  this  has  not 
been  observed  to  take  place  with  other  ketones. 

9.  Their  behaviour  when  heated  with  alkalies  is  somewhat 
similar  to  that  on  oxidation,  one  of  the  hydrocarbon  radicles 
being  split  off  in  combination  with  hydrogen,  and  displaced  by 
the  residue  OM'  of  the  metallic  hydroxide  HOM',  so  that  a 
hydrocarbon  and  a  metallic  salt  are  produced  ;  thus  : 

CeH5.CO.CgH5  +    HOK  =   CgHg  +   CgHg.COOK. 

Diphenyl  ketone.  Benzene.  Benzoic  acid. 

Probably  the  radicle  which  is  split  off  is  the  same  as  is  removed 
and  separately  oxidized  on  treatment  with  oxidizing  agents. 

10.  The  ketones  undergo  condensation  under  the  influence  of 
various  reagents,  especially  hydrochloric  and  sulphuric  acid, 
although  much  less  readily  than  the  aldehydes. 

The  changes  are  apparently  of  a  precisely  similar  character  to  those  which 
result  in  the  formation  of  condensation  products  of  the  aldehydes  (comp.  p.  yi?)- 
Thus  when  acetone  is  saturated  with  gaseous  hydrochloric  acid,  and  the  solution 
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allowed  to  stand  for  some  days,  two  ketones  resulting  from  the  condensation  of 
two  and  three  molecules  respectively  of  acetone  are  produced,  termed  mesityloxide, 
^6^10^'  ^"^  phorone,  CgH^^  j  the  formation  of  the  former  may  be  represented 
in  the  following  manner : 

CH3.CO.CH3   +    HCI   =    CH3.CC1(0H).CH3; 
CH3.CC1(0H).CH3  +  CH3.CO.CH3  =  (CHgXC^iCH.CO.CHg  +  OH,  +  HCI; 

and  the  latter  may  be  regarded  as  formed  in  a  precisely  similar  manner  from  the 
former  and  acetone.  Again,  when  acetone  is  carefully  distilled  with  concentrated 
sulphuric  acid,  mesityloxide  and' the  modification  of  trimethylbenzene  known  as 
mesitylene  are  obtained,  this  hydrocarbon  being  probably  the  product  of  the 
interaction  of  several  molecules  of  the  compound  formed  by  the  union  of  the 
acetone  with  the  acid ;  thus  : 

CH3.CO.CH3    +   H^SO^   =   CH3.C(0H)(HS0,).CH3; 
3CH3.C(OH)(HSOJ.CH3   =.    C,H3(CH3)3   +   3OH,   +    sH.SO,. 

Condensation  products  are  also  obtained  by  the  action  of  sodium,  calcic  oxide, 
zincic  chloride,  the  zinc  organo-metallic  compounds,  &c. ;  and  by  acting  on 
mixtures  of  ketones  with  hydrochloric  and  sulphuric  acids,  &c.,  compounds 
homologous  with  mesityloxide  and  with  mesitylene  may  be  produced.  Apparently 
the  condensation  of  the  ketones  requires  the  presence  of  a  very  much  larger 
amount  of  the  condensing  agent  than  suffices  to  induce  similar  changes  in  the 
case  of  the  aldehydes.  Thus,  if  methylphenyl  ketone,  CHg.CO.CgH^,  be  merely 
saturated  with  hydrochloric  acid  gas,  no  change  takes  place,  but  if  it  be  super- 
saturated, and  the  mixture  allowed  to  stand,  the  hydrocarbon  triphenylbenzene, 
CgH3(CgHg)3,  is  produced  in  considerable  quantity  (Heyne)  :  the  separation  of  the 
elements  of  water  from  several  molecules  of  the  compound  CgH5.CCl(OH).CH3, 
formed  by  the  union  of  the  ketone  and  acid,  would  appear  therefore  to  take  place 
only  under  the  dehydrating  influence  of  the  excess  of  acid. 

§  I.  Ketones  of  the  (CnH2n+i)2CO  Series. 

(1673)  Dimethyl  ketone  or  Acetone  :  C3HgO  =  CH3.CO.CH3. 
— This  ketone  is  formed: — i.  By  the  oxidation  of  isopropylic 
alcohol.  2.  By  the  dry  distillation  of  acetates.  Baric  acetate 
yields  a  pure  product ;  calcic  acetate  requires  a  higher  tempera- 
ture to  decompose  it,  and  in  consequence  a  part  of  the  acetone 
undergoes  change ;  this  salt^  however,  is  most  conveniently 
employed  for  the  preparation  of  acetone.  According  to  Fittig 
(Ann.  Chem.  Pharm.^  ex.  17),  the  crude  product  of  the  distillation 
of  acetates  contains,  besides  acetone,  ethyl-  and  propylmethyl 
ketones  and  dumasin,  CgH^(jO,  an  isomeride  of  mesityloxide.  3. 
By  the  action  of  zincic  methide  on  acetic  chloride.  4.  By  oxi- 
dation of  oxyisobutyric  acid,  (CH3)2C(OH).COOH.  5.  By  the 
decomposition  of  ethylic  acetoacetate,  CH3.CO.CH2.COOC2H5, 
with  baryta  water.  6.  By  the  action  of  water  at  about  200° 
(392°  R)  on  ^-dichloropropane,  CH3.CCI2.CH3,  and  3-dibromo- 
propane  ;  on  /3-dichloropropane,  CHg.CHCl.CHgCl;  and  j3-dibro- 
mopropane^   (the  former  yielding   at   the  same  time   a    certain 
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quantity  of  the  isomeric  propaldehyde^"^  CHg.CHg.COHJ  and  on 
chloropropylene,  CHg.CCllzCHg,  and  bromopropylene  (Linne- 
mann,  ibid.,  clxi.  58 — 70).  7.  Together  with  other  products,  by 
the  decomposition  of  acetic  acid  at  high  temperatures,  and  by 
the  dry  distillation  of  tartaric  and  citric  acids,  carbohydrates, 
and  wood;  hence  it  occurs  in  crude  wood  spirit.  It  has  been 
found  in  the  urine  in  cases  of  diabetes  (MarkownikofF,  ibid., 
clxxxii.  362). 

Dimethyl  ketone  is  a  mobile  colourless  liquid,  of  peculiar 
pleasant  odour,  miscible  in  all  proportions  with  water,  alcohol, 
and  ether;  it  boils  at  ^6°  {i32°'8  F.)  and  at  0°  has  the  sp.  gr. 
•814.  Like  alcohol,  it  dissolves  a  large  number  of  substances 
insoluble  in  water.  It  readily  unites  with  acid  sulphites,  forming 
sulpho-salts  as  2[(CH3)2C(OH).S03K]  -f  OHg,  which  crystallizes  in 
glistening  scales,  moderately  soluble  in  water ;  the  corresponding 
sodium  and  ammonium  salts  are  anhydrous ;  the  ketone  is  readily 
liberated  from  these  compounds  by  treatment  with  sodic  car- 
bonate. By  the  action  of  nascent  hydrogen,  dimethyl  ketone  is 
converted  into  dimethylcarbinol  and  tetramethylglycol  or 
pinacone  (comp.  p.  774).  When  oxidized  either  by  the  ordinary 
chromic  acid  mixture,  or  chromic  acid,  by  a  neutral,  alkaline  or 
acid  solution  of  potassic  permanganate,  or  by  bromine  and  argentic 
oxide,  it  yields  acetic  acid  and  carbonic  anhydride  (Hercz,  Deui. 
chem.  Ges.  Ber.,  viii.  1021),  scarcely  any  formic  acid  being 
obtained  as  it  is  for  the  most  part  further  oxidized.  Phosphoric 
pentachloride  converts  acetone  into  ^-dichloropropane,  dimethyl- 
dichloromethane  or  methylchloracetol,  CHg.CClg.CHg,  and  the 
corresponding  dibromopropane  is  obtained  by  the  action  of  the 
pentabromide.  It  is  violently  acted  upon  by  phosphoric  tri- 
sulphide;  on  distilling  the  product  and  fractionating  the  dis- 
tillate, the  so-called  duplothiacetone,  CgH^2^2'  ^^  obtained  as  a 
liquid  boiling  at  183^—188°  (36i°'4— 37o°-4  F.)  (Wislicenus, 
Zeits.  Chem.  [2],  v.  324). 

When  gaseous  anhydrous  hydrocyanic  acid  is  passed  into  cooled  acetone,  much 
heat  is  developed,  and  a  liquid  product  is  obtained,  which  distils  for  the  most 
part  at  about  120°  (248°  F.),  consisting  of  the  cyanide  CH3.C(OH)(CN).CH3 ; 
this  compound  is  very  unstable,  acetone  being  liberated,  and  a   precipitate  of 


*  It  may  be  supposed  that  the  dichloropropane  is  first  decomposed  with 
simultaneous  formation  of  the  two  chloropropylenes,  CH^.CHzzCHCl  and 
CHg.CCiZZCH^ ;  and  that  these  enter  into  reaction  with  water  at  the  moment 
of  formation  :  the  one  yielding  propaldehyde :  CHg.CHzzCHCl  +  OHg  = 
CHg.CHg.CHC^OH)  =  HCl  +  CHg.CH^.COHrthe  other  acetone  :  CH3.CCIIZCH, 
+  OH2  =  CH3.CC1(0H).CH3  =  HCl  +  CH3.CO.CH3. 
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argentic  cyanide  produced  on  mixing  it  with  argentic  nitrate  solution ;  when 
digested  with  hydrochloric  acid,  it  yields  oxyisobutyric  or  acetonic  acid, 
(CH^)2C(0H).C00H.  If,  however,  slightly  moist  pure  potassic  cyanide  is 
covered  with  acetone,  and  hydrochloric  acid  is  added  in  the  proportion  of  only 
one  molecule  for  each  molecule  of  cyanide  present,  a  crystalline  substance, 
which  may  be  represented  by  the  formula  (CH3XC(OH).O.C(CH3),(CN)  = 
2(0113)2. C(0H).C]N"  —  0H[2  is  produced;  when  digested  with  hydrochloric  acid, 
this  compound  yields  both  acetone  and  acetonic  acid.  Lastly,  if  a  mixture  of 
acetone,  potassic  cyaniie,  and  potassic  cyanate  is  similarly  treated,  acetonylurea, 

rNH.C(CH3)^, 
CO  {  I  is    obtained,  being    formed   by  the   conjunction    of  single 

I  NH.CO 
molecules    of  acetone,  hydrocyanic  acid,  and  cyanic  acid ;  when  heated   with 
hydrochloric  acid  at  about  150°  (302°  F.),  this  compound  yields  amidoisobutyric 
acid,  (CH3XC(NH,).C00H  (Urech,  Ann.  Chem.  Pharm.,  clxiv.  255.) 

According  to  Heintz  {ibid.,  clxxiv.  133  ;  clxxviii.  305,  326;  clxxxiii,  276, 
283,  290 ;  clxxxv.  I  ;  clxxxvii.  233),  acetone  yields  a  series  of  basic  substances 
when  submitted  to  the  action  of  ammonia;  the  first  product  is  diacetonamine , 
CgH^gNOj,  which  is  best  prepared  by  passing  ammonia  gas  and  acetone  vapour 
through  a  Liebig's  condenser  heated  to  100°  (212°  F.)  ;  on  boiling  this  com- 
pound with  acetone,  or  submitting  acetone  to  the  more  prolonged  action  of 
ammonia,  triacetonamine,  CgH^^NO,  together  with  small  quantities  of  an  iso- 
meric base,  and  of  dehydrotriacetonamine,  CgH^^N,  are  obtained.  Diaceton- 
amine is  a  colourless,  strongly  alkaline  liquid,  of  peculiar  ammoniacal  odour, 
which  decomposes  partially  on  distillation ;  it  yields  crystalline  salts  with 
several  acids.  Most  probably  it  has  the  formula  CH3.CO.CH2.C(CH3)^.NH2. 
When  acted  upon  by  nitrous  acid,  it  yields  mesityloxide  and  diacetone  alcohol, 
CH3.CO.CH2.C(CH3)2.0H,  a  colourless,  syrupy  liquid,  boiling  constantly  at 
164°  (32  7°'2  F.),  which  is  perhaps  the  oxygen  analogue  of  the  so-called 
duplothiacetone  mentioned  above  ;  and  when  submitted  to  the  action  of  nascent 
hydrogen,  it  forms  diacetonalkamine,  (?)  CH3.CH(0H)  CH^.CCCH J^.NH^,  a 
monacid  base  boiling  at  175°  (347°  F.).  Triacetonamine  crystallizes  in  long 
needles  or  quadratic  plates,  which  melt  at  39°'6  (i03°*3  F.),  and  decompose  at 
higher  temperatures ;  on  hydrogenation  it  yields  triacetonalkamine,  C^H^^NO, 
which  crystallizes  in  octahedra,  melting  at  i28°-5  (262°-4  F.) ;  nitrous  acid 
converts  it  into  nitrosotriacetonamine,  CgHjg(NO)NO,  proving  that  it  is  an 
e«?/c?o-compound. 

Dimethyl  ketone  has  been  shown  by  Reynolds  (Proc.  Poy.  Sac,  i87i,xix. 
431)  to  combine  with  mercuric  oxide,  a  property  which  its  homologues  appear 
to  share  with  it ;  the  resulting  compounds  belong  to  the  class  of  colloid  bodies, 
and  exhibit  somewhat  remarkable  properties.  To  obtain  the  compound  of  ace- 
tone, solutions  of  40  grams  HgClg  in  about  500  c.c.  of  water,  and  of  29  grams 
KHO  in  about  300  c.c.  of  water,  are  prepared.  About  150  c.c.  of  the  alkali 
are  added  to  a  solution  of  15 — 20  c.c.  of  acetone  in  250  c.c.  of  water,  and  then 
about  250  c.c.  of  the  mercuric  chloride  solution  ;  the  precipitated  mercuric  oxide 
is  at  first  only  slowly  redissolved,  if  the  liquid  be  not  warmed  ;  but  after  a  time 
it  quickly  redissolves  if  the  mixture  be  briskly  agitated.  "When  the  first  half  of 
the  mercuric  chloride  solution  has  been  added,  the  remaining  150  c.c.  of  alkali 
are  cautiously  poured  in,  and  then  mercuric  chloride  is  added  until  a  white  pre- 
cipitate makes  its  appearance.  The  filtered  liquid  is  now  dialysed  to  remove  the 
excess  of  alkali  and  the  potassic  chloride,  the  diffusate  being  frequently  replaced 
by  pure  water,  and  the  process  terminated  when  the  ditfusate  no  longer  contains 
chloride.  The  solution  thus  obtained  is  neutral  to  test  paper ;  if  containing 
5  per  cent,  of  the  anhydrous  compound,  it  will,  if  pure,  remain  liquid  for  12 — 14 
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days,  but  after  that  time  sets  to  a  jelly,  and  pectisation  may  be  brouo-ht  about 
in  a  few  seconds  by  heating  it  to  50°  (122°  F.),  or  by  the  addition  of  very 
minute  quantities  of  hydrochloric,  acetic,  nitric,  and  many  other  acids,  of  the 
alkaline  hydrates,  and  of  many  neutral  salts.  The  substance  which  separates, 
after  drying  first  in  vacuo  and  then  at  100° '(212°  F.),  has  the  composition 
[(CH3).^CO]2Hg303,  but  probably  the  solution  contains  the  very  unstable  hydrate 
of  this  body;  moreover,  this  hydrate  exhibits  distinctly  marked  although  ex- 
tremely feeble  acid  characters ;  Reynolds,  in  fact,  has  been  led  from  his  experi- 
ments to  regard  it  as  a  tetrabasic  acid.  Sodic,  baric,  and  even  calcic  hydrate 
may  be  used  in  place  of  potasssic  hydrate ;  it  is  noteworthy  also,  that  the  preci- 
pitate caused  by  acetic  acid  in  a  solution  of  the  "  potassium  derivate"  is  soluble 
in  excess  of  potassic  hydrate  immediately  after  its  formation,  but  that  it  soon 
loses  this  property.  Reynolds  states  that  acetone  may  be  detected  with  facility 
by  means  of  this  compound  {1,oc.  cit.,  p.  440).  Some  at  least  of  the  homologues 
of  dimethyl  ketone  behave  similarly  with  mercuric  oxide. 

(1674).  Haloid  Deeivatives  of  dimethyl  ketone. — Chlorine  is  readily 
absorbed  by  acetone  at  ordinary  temperatures,  monochlor acetone,  CHg.CO.CHgCl, 
and  ^-dichloracetone,  CHg.CO.CHClg,  being  formed  according  to  the  proportion 
of  chlorine  used  (comp.  BischofF,  Deut.  chem.  Ges.  Ber.,  v  863;  viii.  1329; 
Mulder,  ihid.^  1007;  Theegarten,  ihid.,  vi.  897) ;  the  product  is  contaminated, 
however,  with  other  substances  resulting  from  the  action  of  the  chlorine  on  the 
condensation  products  generated  by  the  action  of  the  hydrochloric  acid  on  the 
acetone,  two  of  which  of  the  composition  (?)  CgH^ClgO  and  CgH^ClgO  have  been 
isolated  by  Grabowski  (ibid.,  viii.  1438).  Monochloracetone  is  also  formed  by 
the  action  of  hypochlorous  acid  on  acetone  (Mulder) ;  and  by  the  action  of  sul- 
phuric acid  on  the  dichloropropylene  CH^Cl.CCIZZCHg  (Henry,  ibid.,  v.  986).  It 
is  a  colourless  liquid, difficultly  soluble  in  water,  boiling  at  about  119°  (246^*2  F.), 
which  does  not  combine  with  acid  sulphites.  On  treatment  with  argentic  oxide 
and  water,  it  yields  acetic,  glycolic,  and  formic  acids  (Linuemann).  Hydrocy- 
anic acid  combines  with  it,  forming  the  cyanide  CH3.C(0H)(CN).CH2C1,  which  on 
digestion  with  hydrochloric  acid  is  converted  into  monochloroxyisobutyric  acid 
(monochloracetonic  acid),  CH3.C(CH2Cl)(OH).COOH  (BischofF).  It  readily 
enters  into  reaction  with  potassic  acetate,  forming  the  acetate  CHg.CO.CH2(C2Hg02) 
(Henry) ;  and  with  potassic  iodide,  potassic  cyanide,  and  the  normal  sulphites 
(Glutz,  Journ.fr.  Chem.  [2],  i.  141).  Concentrated  nitric  acid  converts  it  into 
a  crystalline  body  of  the  formula  CgH^ClNO^  (Glutz,  Barbaglia,  Deut.  chem.  Ges. 
Ber.,  vi.  320). 

^•Dichlor acetone,  CHg.CO.CHClg,  which  is  best  prepared  by  passing  chlorine 
into  acetone  until  it  is  saturated,  heating  the  liquid  in  the  water  bath  towards  the 
close  of  the  operation,  also  boils  at  about  120°  (248°  F.)  ;  it  is  said  that  its  vapour, 
like  that  of  monochloracetone,  exerts  a  most  irritating  action  on  the  eyes  and  nose, 
but  according  to  Fittig  and  Borrche  this  is  due  to  the  presence  of  impurities. 
According  to  Linnemann  and  V.  Zotta,  it  is  converted  into  ordinary  lactic  acid 
when  heated  with  water  at  200°  (392°  F  )  It  combines  with  hydrocyanic  acid,  and 
the  resulting  cyanide  yields  dichloroxyisobutyricacid,  CH3.C(CHCl2)(OH).COOH, 
on  digestion  with  hydrochloric  acid  (Bischoif). 

a- Dichlor acetone :  CH^Cl.CO.CHgCl,  is  obtained  by  oxidation  of  dichloriso- 
propylic  alcohol  or  dichlorhydrin  (p.  541)  with  chromic  acid  mixture  ;  it  boils  at 
about  170°  (338°  F.).  It  forms  a  crystalline  compound  with  sodic  hydric  sul- 
phite— with  which  3'dichloracetone  also  unites — and  yields  crystalline  products 
with  potassic  iodide,  potassic  thiocyanate,  and  potassic  cyanide,  the  last-named  sub- 
stance converting  it  into  a  cyano-derivative  of  the  composition  ri/n-tr'^fiix^/nTSTN  \  ^> 
analogous    to    that    formed    by    acetone,    and    isomeric  with  the    compound 
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produced  in  a  similar  manner  from  /3-dichloracetone  (Glutz  and  Fischer, 
ibid  ,  iv.  52). 

By  oxidation  of  chlorobromhydrin,  CH2Cl.CH(OH).CH2Br,  the  corresponding 
a-cJilorohromacetone,  CH^Cl.CO.CH^Br,  is  obtained;  it  is  a  crystalline  sub- 
stance, which  melts  at  about  35°  (95°  F.),  boils  at  about  180°  (356°  F.), 
and  combines  with  sodic  hydric  sulphite  (Theegarten,  Deut.  chem.  Ges.  Ber., 
vi.  1276). 

According  to  Barbaglia  {ibid.,  vii.  4671),  the  product  of  the  action  of 
chlorine  on  well-cooled  acetone  contains  a  crystalline  body  of  the  composition  of 
dichloracetone,  which  is  deposited  in  large  prisms  from  the  portion  boiling  at 
140° — 170°  (284° — 338°  F.) ;  the  same  substance  was  obtained  by  Markow- 
nikoff  on  oxidation  of  dichlorhydrin.  It  melts  at  44°  (11 1°*2  F.),  and  probably 
is  a  polymeride  of  dichloracetone  (comp.  Bischoff,  ibid.j  viii.  1329,  and 
Grabowski,  loc.  cit.). 

Pure  acetone,  saturated  with  chlorine  in  the  cold,  absorbs  a  further  quantity 
of  the  gas  in  sunlight  and  on  warming,  especially  if  the  chlorine  be  moist, 
forming  trichloracetone,  but  the  chlorination  does  not  proceed  further 
(Bischoff, /o^.  cit).  It  is  a  colourless  oil,  boiling  at  about  171°  (338°  F.), 
which  combines  with  water  with  great  avidity  to  form  a  crystalline  hydrate, 
C3H3CI3O  +  2(2CH^)OH2,  melting  at  about  44°  ( 1 1 1°-2  F.),  from  which  it  may  be 
separated  by  the  action  of  hydrochloric  acid  gas  (Kramer,  ibid.,  vii.  2561  ; 
Bischoff,  viii.  1336).  It  does  not  combine  with  acid  sulphites;  on  warming  it 
with  aniline  and  potassic  hydrate,  phenylic  isocyanide  is  produced,  showing  that 
it  yields  chloroform  on  decomposition  with  alkali,  and  hence  that  it  has  the 
formula  CH3.CO.CCI3 ;  it  combines  with  hydrocyanic  acid,  and  the  product  yields 
tricJiloracetonic  acid,  CH3.C(CCl3)(OH).COOH,  on  digestion  with  hydro- 
chloric acid  (Bischoff). 

By  saturating  a  solution  of  acetone  in  methylic  alcohol  with  chlorine, 
fractionating  the  product,  and  strongly  cooling  the  various  fractions  of  the 
portion  boiling  at  160° — 180°  (320° — 356°  F.)  in  contact  with  water,  Bischoff 
has  succeeded  in  separating  the  hydrate  of  tetrachloracetone  from  that  of 
trichloracetone,  and  from  a  mixed  hydrate  of  tri-  and  tetrachloracetone  of  the 
formula  C  H,C1  O  +  C„H  Cl.O  +  6H  O.  Tetrachloracetone,  CH,C1  CO.CCl  , 
separated  from  the  hydrate  by  means  of  hydrochloric  acid,  is  an  extremely  volatile 
substance  possessing  a  most  irritating  odour,  the  irritation  which  is  frequently 
experienced  on  working  with  the  chlorinated  derivatives  of  acetone  being  probably 
mainly  caused  by  it.  The  hydrate,  CgllgCl^O  +  4OH2,  melts  at  about  39° 
(i02'°2  F.),  A  corresponding  dibromodichloracetone  is  formed  by  the  action  of 
bromine  on  dichlorhydrin  (comp.  p.  542). 

'Pentachlor acetone,  according  to  Staedeler,  is  formed  by  the  action  of  a 
mixture  of  potassic  chlorate  and  hydrochloric  acid  on  a  number  of  substances, 
amongst  others  citric,  salicylic,  gallic  and  quinic  acids,  quinone,  pyrogallol, 
albumin  and  muscular  flesh.  It  is  a  colourless  oil,  boiling  at  about  190° 
(374°  F.),  which  forms  a  crystalline  hydrate  with  4  mols.  water.  Hexachlor- 
acetone  is  produced  by  the  action  of  chlorine  in  sunshine  on  a  solution  of  citric 
acid,  which  yields  acetone  on  oxidation  ;  it  boils  at  about  200°  (392°  F.),  and 
forms  a  crystalline  hydrate  with  i  mol.  of  water. 

The  action  of  bromine  on  acetone  gives  rise  in  the  first  instance  to  the  pro- 
duction of  a  highly  unstable  additive  compound,  C^HgOBrg  (Linnemann),  and  sub- 
sequently of  substitution  derivatives.  The  mono-  and  dibromo-derivatives  are 
liquids  which  decompose  on  distillation ;  they  combine  with  acid  sulphites 
(Emmerling,  ibid.,  vi.  22;  Lokolowsky,  ix.  1687).  Pentabromacetone, 
obtained  by  the  action  of  an  excess  of  bromine  on  acetone  (Mulder),  is  identical 
with  the  so-called  bromoxaforra  of  Cahours  formed  by  the  action  of"  bromine  on 
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solutions  of  citrates,  and  with  the  parabromalide  of  Cloez  (Grimaux  ;  comp.  pp. 
425 — 461).    It  crystallizes  in  lustrous  silky  needles  which  melt  at  75"  (165°  F.). 

Hexhromacetone. — CBr3.CO.CBrg  (foot  note,  p.  797),  crystallizes  in  prisms 
melting  at  108°  (226°'4  P.)  ;  it  is  readily  decomposed  by  ammonia  in  accord- 
ance with  the  equation  :  CBr3.CO.CBr3  +  NH3  =  HCBrg  +  CBrg.CO.NH^. 

^-Diiodacetone  (?),  CHg.CO.CHTg,  is  producedby  gently  heating  acetone  with 
an  aqueous  solution  of  iodine  monochloride  ;  it  is  a  heavy  oil,  which  readily 
decomposes  with  separation  of  iodine  (Maxwell  Simpson).  a-Diiodacetone, 
CHgl.CO.CHgl,  according  to  Glutz  and  Fischer,  is  crystalline. 

(1675)  HoMOLOGUEs  OF  DiMETHYL  KETONE. — A  Considerable 
number  of  ketones  homologous  with  acetone  have  been  prepared, 
but  with  few  exceptions^  ov\j  their  behaviour  on  oxidation  and 
with  acid  sulphites  has  been  ascertained.  They  have  mostly 
been  obtained  either  by  the  action  of  zinc  organo-metallic  com- 
pounds on  acid  chlorides,  or  by  distillation  of  the  calcic  salts  of 
acids  of  the  acetic  series.  Two  only  which  are  especially 
interesting  need  therefore  be  described. 

(1676)  Methyl  teetiary-butyl  ketone  ;  pinacolin  :  CgH^gO  = 
C(CH3)3.CO.CH3. — This  ketone  was  discovered  by  Fitting  in  1859,  who  obtained 
it  by  distilling  pinacone  or  tetramethylglycol  (1502)  with  dilute  sulphuric  acid 
(comp.  p.  773)  ;  its  nature  was  not  ascertained,  however,  until  1873 — 1874, 
when  Friedel  and  Silva  {Gom'pt.  Rend.,  Ixxvii.  48)  converted  it  by  oxidation 
into  an  acid  of  the  same  composition  as  valeric  acid,  C^Hj^O^,  which  they  termed 
" pivalic  acid,"  but  which  Butlerow  shortly  afterwards  proved  to  be  trimethacetic 
acid,  C(CHg)3.C00H,  the  same  chemist  forming  pinacolin  itself  by  the  action  of 
zincic  methide  on  trimethacetic  chloride  {Ann.  Chem.  Pharm.,  clxxiii.  355  ; 
clxxiv.  125).  It  is  a  colourless  liquid  of  peppermint-like  odour,  almost  insoluble 
in  water,  boiling  at  106°  (222°'8  F.);  as  already  mentioned,  it  yields  trime- 
thacetic acid  on  oxidation,  but  it  is  only  slowly  attacked  by  the  ordinary  chromic 
acid  mixture.  It  does  not  combine  with  acid  sulphites.  It  yields  a  crystalline 
dichlorinated  derivative  on  treatment  with  chlorine  (Fittig,  ihid.,  cxiv.  54). 

(1677)  Methylnonyl  KETONE  :  Cj^H^g^  =  CHg.CO.CgH^g*.— This  ketone, 
which  may  be  artificially  produced  by  distilling  a  mixture  of  the  calcium  salts  of 
acetic  and  decylic  or  capric  acids,  is  the  chief  constituent  of  the  volatile  oil  of 
garden  rue  {Ruta  graveolens).  It  is  a  colourless  strongly  refracting  oil,  boiling 
constantly  at  224°  (435°*2  F.)  ;  when  cooled  to  5°— 6°  (41° — 42°-8  F.)  it 
forms  a  crystalline  mass  which  melts  at  15° — 16°  (59^ — 6o°'8  F.)  (Gorup 
Besanez  and  Grimm,  ihid.,  dvii.  275).  According  to  Giesecke  {Zeits.  Ghem. 
[2],  vi.  428),  it  is  readily  oxidized  by  chromic  acid  mixture,  yielding  acetic  and 
nonylic  or  pelargonic  acids,  CgHj^.COOH  ;  whilst  nascent  hydrogen  converts  it 
into  uonylmethylcarbinol,  CH3.CH(0H).CgHjg,  and  a  body  of  very  high  boiling 
point  which  is  probably  the  corresponding  pinacone.  Nonylmethylcarbinol  is  a 
viscid  liquid,  insoluble  in  water,  boiling  at  about  228°  (442°'4  F.). 

(1678)  The  following  table  is  a  list  of  the  ketones  of  the 
(CnH2n+|l2^^  series  at  present  known : 
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§  II.   Ketones  of  the  Coj^^J^^n+i  ^^^  C0{CJ1^^_^\  Series. 

(1679)  The  following  ketones  of  the  C^HgQ+^.CO.CnHg.^  series 
are  known : 

B.  P.  °  C. 

Mechylphenyl  ketone       .     .     .  CH^.CO  C^H^  200° 

Ethylphenyl  ketone    ....  C^H^.CO.C^Hg  209° 

Mefchylb?nzyl  ketone        .     .     .  CHg.CO.CH^.C.Hg  215° 

Propylphenyl  ketone         .      .     .  CgH.^CO.C.H^  221° 

Isopropylphenyl  ketone    .      .      .  CgH^^.CO  C^Hg  below  217° 

Ethylbenzyl  ketone     ....  C^H^  CO.CH^.C^H,  226° 

Methylphenethyl  ketone  .     .     .  CH3.C0.CH,.CH,.C^H,  236° 

Isobutylphenyl  ketone      .     .      .  (CH3),.CH.CH2.CO.C,Hg       226° 

Isopropylbenzyl  ketone     .      .      .  Cfi/.CO.Cll^.Cfl^  — 

With  the  exception  of  methylphenethyl  ketone,  these  have 
all  been  prepared  by  distilling  mixtures  of  the  calcic  salt  of 
benzoic,  or  of  phenylacetic  (CgH^.CHg.COOH)  acid,  with  the 
calcic  salt  of  an  acid  of  the  acetic  series.  Methyl  and  ethyl- 
phenyl ketones  have  also  been  obtained  by  the  action  of  zincic 
methide  and  ethide  respectively  on  benzoic  chloride,  C^Hg.COCl, 
ethylbenzyl  ketone  having  been  prepared  in  a  similar  manner 
from  phenylacetic  chloride,  CgHg.CHg.COCl.  Methylphenethyl 
ketone  is  the  product  of  the  action  of  alkalies  on  ethylic  aceto- 

fpTT      p    TT 
CnnrU'    ^^*^yl"  ^^^  ethylbenzyl 
ketone  and  methylphenethyl  ketone  are  the  only  ones  which  form 
compounds  with  acid  sulphites. 

Methylphenyl  ketone  or  acetojphenone  crystallizes  in  large  colourless 
plates  which  melt  at  14°  (57°'2  F.),  and  it  boils  at  about  200°  (372°  F.).  It 
yields  carbonic  anhydride,  water,  and  benzoic  acid  on  oxidation  (PopofF).  By 
the  action  of  ammonia  at  the  boiling  temperature  in  presence  of  phosphoric 
anhydride,  it  is  converted  into  a  crystalline  highly  stable  basic  compound, 
(?)  Cj^HjgN  (Engler  and  Heine),  a  small  quantity  of  triphenylbenzene,  which  is 
more  readily  obtained  by  the  action  of  hydrochloric  acid  (p.  778),  being  also 
produced.  By  acting  on  it  with  chlorine  at  the  boiling  point,  it  is  converted 
into  chlororaethylpheuyl  ketone,  CHgCl.CO.CgHg,  from  which  the  acetate  and 
corresponding  alcohol  may  be  prepared  (Graebe;  comp.  Hunaeus  and  Zincke, 
Deut.  chem.  Ges.  Ber.,  x.  i486).  Bromine  at  ordinary  temperatures  forms 
the  two  isomeric  compounds  CgH^.CO.CH^Br  and  CgH^Br.CO.CHg  (Emmerling 
and  Engler,  ibid.,iv.  147). 

The  remaining  members  of  the  series  are  liquids.  JEthylfhenyl  ketone  and 
methylhenzyl  ketone  yield  benzoic  and  acetic  acids  on  oxidation,  whilst  ethylbenzyl 
ketone  forms  benzoic  and  propionic  acids  (Popoff,  ibid.,  v.  500).  JPropyl/phenyl 
ketone  yields  benzoic  and  propionic  acids  (Schmidt  and  Fieberg,  ibid.,  vi.  498), 
whilst  isopropylphenyl  ketone  yields  benzoic  and  acetic  acids,  the  latter  being 
doubtless  formed  from  the  acetone  which  is  the  primary  product  of  oxidation. 
Methylphenethyl  ketone  also  yields  only  benzoic  acid  and  carbonic  anhydride,  the 
phenylacetic  acid  which  is  first  produced  being  at  once  further  oxidized  (Ehrlich, 
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Ann.  Ckem.  Pharm.,  clxxxvii.  18).  Isoproj)ylhenzyl  Tcetone,  however,  yields 
benzoic  and  isobutyric  acids  (Popoif  and  Fuchs,  ibid.,  ix.  1605),  which  are  also 
obtained  on  oxidation  of  isobutylphenyl  ketone. 

On  reduction,  methylphenyl  ketone  yields  both  methylphenylcarbinol  (i479) 
and  dimethyldipbenylglycol,  (C(CH3)(CgH5)  OH)^,  a  crystalline  substance  which 
melts  at  about  120°  (248°  F.)  (Eramerling  and  Engler,  ihid,,  vi.  T005); 
ethylphenyl  ketone  behaves  similarly  (1480),  and  propylphenyl  ketone  also 
yields  the  corresponding  monohydric  alcohol,  together  with  the  dihydric  alcohol 
homologous  with  hydrobenzoin  :  the  latter  crystallizes  in  long  needles  melting 
at64°(i47°-2  F.). 

(1680)  The  CO(CnH2n_7)o  series  includes  the  following  : 

M.  p.      B.  p.  °c. 
Diphenyl  ketone      .      .      .      CgH^.CO  CgHg  26°  and  49°  300° 

Pai-aphenyltolyl  ketone      .  )  c  H  .CO.C  H,.CH3  [  57°  3 U" 

Orthophenyltolyl  ketone    .  j     «    ^  e    4        3  |  —  — 

Phenvlbeuzyl  ketone    .      .     C^H^.CO.CH^.C^H,  55°  — 

Paraditolyl  ketone  .     .      .     CH^.C^H^.CO.C^H^  CH,  95°  — 

Dibenzyl  ketone      .     .      .     C,H,.CH,.CO.CH,.C,H.  30°         320° 

Phenylcymyl  ketone     .     .     C,H,.CO.CA(CH3)(C3H^)«       —  340° 

Diphenyl  ketone  is  formed  by  distillation  of  calcic  benzoate ;  by  heating 
mercury  diphenyl  with  benzoic  chloride  at  180°  (356°  F.) :  ll^{fifi^^  + 
2CgH5  COCl  =  (CgHg)2C0  +  HgCl^  (Otto)  ;  by  heating  a  mixture  of  benzene, 
benzoic  acid  and  phosphoric  anhydride  at  about  180°  (356°  F.)  (Kollarits  and 
Merz,  ihid.y  v.  447  ;  vi.  536) ;  by  the  action  of  carbonic  chloride,  COClg,  on 
benzene  in  presence  of  aluminic  chloride  (Friedel,  Crafts  and  Ador,  ibid.,  x. 
1854);  and  by  oxidation  of  diphenylmethane  (1377),  diphenylcarbinol  (p. 
503),  and  diphenethaldehyde.  When  prepared  by  oxidation  of  diphenyl- 
methane, it  is  first  obtained  as  a  clear  liquid,  which  on  standing  becomes  a 
mass  of  apparently  monoclinic  crystals  resembling  the  forms  produced  by 
cleavage  of  Iceland  spar,  and  melting  at  about  26°  (78^*8  F.) ;  after  a  time, 
however,  the  crystals  become  milk-white,  and  are  converted  into  the  rhombic 
prisms  in  which  the  ketone  ordinarily  s'^parates  from  its  solutions,  and 
which  melt  at  about  48°  (ii8°-4  F.)  (Zincke,  ibid.,  iv.  576).  According  to 
Linnemann  {Ann.  Ckem.  Pharm.,  cxxxiii.  i),  it  is  converted  into  diphenyl- 
carbinol or  benzhydrol  by  the  action  of  sodium  amalgam  on  its  alcoholic  solution  ; 
whereas  if  zinc  and  sulphuric  acid  are  employed,  chiefly  tetraphenylglycol  or 
benzopinacone,  (C(CgHg)2.0H)2,  is  obtained.  Benzopinacone  crystallizes  from 
alcohol  in  small  well-formed  prisms  ;  it  melts  at  186°  (366°-8  F.),  being,  how- 
ever, decomposed  into  diphenyl  ketone  and  benzhydrol;  the  same  decomposition 
is  effected  by  boiling  it  with  an  alcoholic  solution  of  potassic  hydrate  (Thorner 
and  Zincke,  Deut.  ckem.  Ges.  Ber.,  x.  1473).  On  treatment  with  benzoic 
chloride,  benzopinacone  is  apparently  converted  into  the  ketone  Cfi^.0O.C{0^^^, 
A  number  of  substitution  derivatives  of  diphenyl  ketone  have  been  obtained. 

Di-dimeihylamidophenyl  ketone. — Although  carbonic  chloride,  COCl^,  alone 
is  entirely  without  action  on  benzene  even  at  high  temperatures,  it  readily  acts  on 
dimethylamidobenzene  or  dimethylaniline,  CgH5.N(CH3)2,  forming  dimethyl- 
amidobenzoic  chloride,  (CH3)^N.CgH^.C0Cl,  the  reaction  taking  place  even  in  the 
cold.  On  heating  this  product  with  dimethylaniline  at  about  120°  (248°  F.), 
the  diphenyl  ketone  derivative  C0[CgH^,N(CHg).j2  is  produced,  together  with 
the  compound,  (CH3)2KCgH3[CO  C^H^.NCCHp  J^,  formed  by  the  action  of  2  mols. 
of  the  chloride  on  a  single  mol.  of  dimethylaniline  (Michler,  ^i^c?.,  ix.  7161). 

Tolylphenyl  ketones. — These  are  formed  on  oxidation  of  the  benzyltoluenea 
(p.  362),  and  on  heating  a  mixture  of  benzoic  acid  and  toluene  with  phosphoric 
anhydride  ;  the  para-compound,  which  alone  has  been  obtained  pure,  is  also  formed 
on  distillation  of  a  mixture  of  calcic  benzoate  and  paratoluate.    They  are  converted 
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into  the  corresponding  benzoylbenzoic  acids  on  oxidation.  On  reduction  with  zinc 
and  hydrochloric  acid,  paratolylphenyl  ketone  yields  two  isomeric  crystJiUine 
compounds  of  the  formula  C^gH^^O,  melting  respectively  at  137°  (278°'6  F.) 
and  2  £5°  (419°  F.),  the  dihydric  alcohol  C^^H^.O,  or  [C(C,HJ(C,H^.CH3).OH]2, 
which  is  first  produced,  undergoing  conversion  into  these  compounds  under  the 
influence  of  the  zincic  chloride.  Thorner  has  shown  (Ann.  Chem.  Pkarm.,  clxxxix. 
96)  that  the  body  of  lower  is  very  easily  transformed  into  that  of  higher 
melting  point  by  heating  with  hydrochloric,  hydriodie,  or  acetic  acid  at  about  150° 
(302"  F.),  or  on  warming  with  benzoic  chloride,  and  that  on  oxidation  it  is 
reconverted  into  the  ketone ;  whereas  the  isomeride  yields  an  acid  of  the  com- 
position C^Jl^fi^  (comp.  p.  773).  The  alcohol  C^^U^fl^  closely  resembles 
benzopinacone  in  its  properties  (Thorner  and  Zincke,  loc.  cit). 

PKenylhenzyl  ketone:  CgHg.CO.CH^.CgHj,  obtained  by  distillation  of  a 
mixture  of  benzoate  and  phenylacetate  of  calcium,  is  identical  with  the  so-called 
deoxyhenzoin  ibnned  by  reduction  of  benzoin,  and  by  oxidation  of  benzylphenyl- 
carbinol  or  toluylenehydrate  (p.  503)  (Radziszewski,  ibid.,  viii.  756);  it  is  also 
produced  on  heating  a  mixture  of  benzene  and  phenylacetic  acid  with  phosphoric 
anhydride  (Zincke,  ihid.,  vs..  1771).  It  crystallizes  from  alcohol  in  large  colour- 
less plates,  melting  at  55°  (131°  F.) ;   on  oxidation  it  yields  benzoic  acid. 

Benzoin  or  henzoylphenylcarhinol :  C^^.QO.QH{0^\i^.O)l,  is  obtained  on 
oxidation  of  hydrobenzoin  with  concentrated  nitric  acid,  and  by  the  action  of  an 
alcoholic  solution  of  potassic  cyanide  on  benzaldehyde  (p.  758).  It  crystallizes 
in  colourless  prisms,  melting  at  134°  (273°'2  F.),  difficultly  soluble  in  water  and 
alcohol;  on  oxidation  with  chromic  acid  mixture  it  yields  benzoic  aldehyde  and 
benzoic  acid,  but  nitric  acid  converts  it  into  benzil  or  dibenzoyl,  CgHg.CO.CO.CgHg. 
Benzil  crystallizes  from  alcohol  in  large  six-sided  prisms,  melting  at  90°  (194"  F.). 
On  oxidation,  it  is  entirely  converted  into  benzoic  acid,  and  on  reduction  forms 
benzoin ;  it  dissolves  in  a  concentrated  alcoholic  solution  of  potassic  hydrate  form- 
ing a  deep  violet-coloured  liquid,  which  after  prolonged  warming  becomes  yellow. 
Under  these  circumstances  isomeric  change  takes  place,  the  benzil  being  converted 
into  the  potassic  salt  of  diphenylglycolic  or  benzilic  acid,  (CgHg)2C(0H).C00H. 
The  formation  of  this  acid  is  probably  preceded  by  that  of  the  compound  : 

CgH,C(0H) . 

C,H,.C(OH)  J 
to  which  perhaps  the  violet  colour  is  due,  the  subsequent  change  being  analogous 
to  that  which  results  in  the  formation  of  the  so-called  pinacolins  (p.  773)' 

Paraditolyl  ketone,  obtained  by  oxidation  of  ditolylmethane  (p.  363),  crystal- 
lizes from  alcohol  in  rhombic  prisms,  melting  at  95°  (203°  F.) ;  it  is  converted 
into  ditolylcarbinol,  (CHg-CgHj^CgCOH),  on  reduction  (Weiler).  The  isomeric 
dibenzyl  ketone  is  prepared  by  distillation  of  calcic  phenylacetate  (Radziszewski). 

Phenylcymyl  ketone  is  produced  on  heating  a  mixture  of  benzene  and 
cymene  with  phosphoric  anhydride  (Kollarits  and  Merz,  loc.  cit.) ;  it  is  an  oily 
liquid  of  pleasant  odour. 

§  III.   Ketones  of  other  Series. — Camphor. 

(1681)  Naphthyl  ketones. — By  heating  a  mixture  of  benzoic  acid  and 
naphthalene,  or  of  benzene  and  a-  or  /3-naphthoic  acid,  with  phosphoric  anhydride, 
Kollarits  and  Merz  have  obtained  two  phenylnaphthyl  ketones,  CgHg.CO.C^^Hy. 
The  a-compound  is  the  more  soluble  in  alcohol,  from  which  it  crystallizes  in 
short  prisms,  melting  at  75°'5  (i67°9  F.) ;  the  jS-ketone  forms  long  needles, 
melting  at  82°  (i79°'6  F.).  Michael  and  Adair  {ibid.,  x.  583)  have  obtained 
the  same  compounds  by  heating  a  mixture  of  benzenene  sulphonic  acid  and  naph- 
thalene with  phosphoric  anhydride,  but  state  that  they  melt  at  100°  (212°  F.) 
and  116°  (240°8  F.)  respectively. 

3  e  2 
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Similarly,  on  heating  a-naphthoic  acid  with  naphthalene  and  PgO^,  or 
a-naphthoic  chloride  and  naphthalene  with  zinc,  or  /3-naphthoic  chloride  with 
mercury  dinaphthyl,  Hcr(C,„HJ.^,  a-/3-dinaphthyl  ketone,  C,,H^  «.CO.Cj„Hy  ^,  is 
produced.  This  crystallizes  in  needles,  melting  at  135°  (275°  F.),  and  when 
decomposed  by  heatincj  with  soda  lime  yields  both  a-  and  3-nfipbthoic  acids  and 
naphthalene.  By  heating  /3-naphthoic  acid  and  naphthalene  with  PgO^,  or 
^-naphthoic  chloride  and  naphthalene  with  zinc,  two  ketones  isomeric  with  the 
a-jS  compound  are  produced,  both  of  which,  however,  yield  /3-naphthoic  acid  and 
naphthalene  when  heated  with  soda  lime  ;  they  melt  at  i26°-5  (259°7  F.)  and 
165°  (329°  F.)  respectively,  and  require  for  complete  solution,  the  one  267,  and 
the  other  1250  parts  of  absolute  alcohol  at  19°  (66°'2  F.),  the  a-^  ketone 
dissolving  in  77  pts.  (Grucarevic  and  Merz,  ihid.,  vi.  1238,  1246  ;  ix.  15 15). 

(1682)  Mesittl  OXIDE  :  CgH^„0  =  (CH3)^CzzCH.CO.CH3.— This  ketone, 
as  already  mentioned,  is  formed  by  "  condensation"  of  2  rnols.  of  dimethyl  ketone, 
which  takes  place  under  the  influence  of  hydrochloric  and  sulphuric  acids  (Kane), 
of  alkalies  and  of  lime  (Fittig),  of  zincic  methide  and  ethide  (Pawlow),  and  of 
several  other  substances.  The  product  obtained  in  the  preparation  of  acetone  by 
the  action  of  zincic  methide  on  acetic  chloride  consists  chiefly  of  mesityl  oxide, 
and  homologous  compounds  are  obtained  in  a  similar  manner  in  the  preparation 
of  the  homologues  of  acetone  (Pawlow,  Ann.  Chem.  Pharm.,  clxxxviii.  J  26). 
It  is  best  prepared  by  the  action  of  hydrochloric  acid  (Baeyer ;  Claissen,  ihid.y 
clxxx.  4). 

Mesityl  oxide  is  a  colourless  liquid,  boiling  at  130°  (266°  F.),  having  an 
odour  of  peppermint ;  it  does  not  combi.-e  with  acid  sulphites.  On  oxidation 
with  nitric  acid,  it  yields  acetic  and  oxalic  acids ;  on  reduction  with  sodium 
amalgam,  it  is  converted  into  an  oily  body  of  the  composition  C^^H^gO,  which 
is  perhaps  the  corresponding  pinacolin  ;  and  it  combines  with  bromine,  forming 
a  highly  unstable  dibromide  (Claissen).  It  also  unites  with  hydriodic  acid 
(Pawlow),  and  with  hydrochloric  acid,  but  the  compounds  are  extremely  unstable ; 
if  it  is  saturated  with  hydrochloric  acid,  and  the  resulting  product,  after  washing 
with  water,  be  digested  with  an  alcoholic  solution  of  potassic  cyanide,  and  the 
solution  then  heated  with  an  alkali,  a  crystalline  acid  of  the  formula  CgHj^NO^ 
is  obtained,  from  which  the  nitrogen  is  not  eliminated  in  the  form  of  ammonia 
on  boiling  with  alkali,  neither  is  it  displaced  by  the  action  of  nitrous  acid 
(Maxwell  Simpson,  Ann.  Chem.  Tharm.,  cxlviii.  351).  Mesityl  oxide  yields 
mesitylene  on  treatment  with  concentrated  sulphuric  acid,  but  it  is  doubtful 
whether  this  hydrocarbon  is  formed  merely  by  the  withdrawal  of  the  elements 
of  a  molecule  of  water,  as  by  boiling  with  very  dilute  sulphuric  acid  it  is  com- 
pletely reconverted  into  dimethyl  ketone  (Claissen). 

Three  (.P)  ketones  isomeric  with  mesityl  oxide  have  been  described  : 
metacetone,  dumasin,  and  allyl acetone.  Metacetone  vfSi?,  first  obtained  by  Fremy 
on  distillation  of  sugar,  charcoal,  and  gum  with  lime  (comp.  Benedikt,  ihid., 
clxii.  303).  It  boils  at  about  84°  (t83''*2  F.),  and  on  oxidation  yields  acetic 
and  propionic  acids;  it  does  not  combine  with  acid  sulphites;  phosphoric  penta- 
chloride  and  most  of  the  ordinary  reagents  decompose  it  more  or  less  completely. 
As  it  yields  propionic  acid  on  oxidation,  it  does  not  appear  probable  that  it  is 
formed  by  condensation  of  dimethyl  ketone,  as  has  been  supposed;  a  compound 
formed  by  condensation  of  ethaldehyde  and  methylethyl  ketone  :  CH^.COH  + 
CH3.CO.C,H5  =  CH3.CHzzCH.CO.C^H;,  however,  would  doubtless  exhibit  the 
behaviour  of  metacetone,  and  it  is  quite  possible  that  it  is  so  formed. 

Dumasin  is  a  product  of  the  distillation  of  acetates ;  it  is  a  colourless  oil, 
boiling  at  120° — 125°  (248° — 257°  F.),  and  forming  a  crystalline  compound 
with  acid  sulphites  ;  it  yields  oxalic  acid  on  oxidation  with  concentrated  nitric 
acid  (comp.  Fittig,  ibid.,  ax.  21). 
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AUylacetone :    CHg.CO.CH^.CHaCHzzCHs,    is    obtained  on    decomposing 

ethj- lie  ally  laoetoacetate,  COOCjjHj.CH  <        '  ^» p„     with  alkalies;  it   is   a 

colourless  liquid,  boiling  at  128° — '130°  {262"^'/^ — 266^*  F.),  which  does  not 
combine  with  acid  sulphites,  and  on  oxidation  yields  acetic  and  oxalic  acids,  the 
isocrotonic  acid,  CH^IZlCH.CH^.COOH,  which  is  probably  first  produced,  being 
further  oxidized  (Zeidler,  ibid.,  clxxxvii.  34). 

The  homologue  of  mesityl  oxide,  CgH^^O,  formed  in  the  preparation  of  methylethyl 
ketone,  boils  at  about  168°  {■^2>'^°'A  ^•)  5  ^^^^^  ^f  the  formula  C^^H^gO,  obtained 
in  the  preparation  of  methylisopropyl  ketone,  boils  at  about  190°  (374°  F.)  ; 
and  that  of  the  formula  C^^^,p,  obtained  as  bye-product  in  the  preparation  of 
methylisobutyl  ketone,  boils  at  about  218°  (424°'4)  (Pawlow). 

(1683)  Methylcinnamyl  KETONE :  CH3.CO.CHziCH.CgHg,  obtained  by 
distillation  of  a  mixture  of  calcic  acetate  and  cinnamate,  is  a  colourless  oil,  boiling 
at  241°  (465°*8  F.) ;  it  forms  crystalline  compounds  with  acid  sulphites  (Engler 
and  Leist,  ibid.,  vi.  254). 

(1684)  Phorone. — This  name  is  applied  to  two  isomeric  bodies  of  the 
formula  CgH^^O,  one  solid  and  the  other  liquid,  formed  by  condensation  of  acetone. 
The  former  is  best  prepared  by  the  action  of  hydrochloric  acid  (Baeyer;  Claissen, 
loc.  cit.);  the  latter  is  a  product  of  the  action  of  sodium  (Staedeler),  and  of  lime 
(Fittig),  and  is  also  obtained  by  distillation  of  sugar  with  lime  and  in  a  similar 
manner  from  camphoric  acid  (comp.  Kachler,  ibid.,  clxiv.  79).  The  solid  body 
forms  large  prisms  which  melt  at  28°  (82°'4  F.),  and  boil  at  196°  (384°*8  F.). 
On  oxidation  with  chromic  acid  mixture,  it  yields  acetic  and  oxalic  acids,  and  on 
reduction  is  converted  into  a  crystalline  compound  of  the  formula  C^gH^gO  ;  it 
forms  a  crystalline  tetrabromide,  C^Hj^OBr^,  and  is  resolved  into  mesityl  oxide 
and  acetone  by  boiling  with  dilute  sulphuric  acid  (Claissen).  It  yields  pseudo- 
cumene,  C^J^CH^)^,  on  distillation  with  phosphoric  anhydride  (Jacobsen, 
Deut.  chem.  Ges.  Ber.,  x.  855).  Phorone  therefore  exhibits  considerable 
resemblance  to  mesityl  oxide,  and  consequently  it  may  be  represented  by  a 
similar  formula,  viz.,  (CH3)._^CzzCH.CO.CH=C(CH3),;  i.e.,  it  may  be  re- 
garded as  formed  from  a  molecule  of  acetone  and  a  molecule  of  mesityl  oxide  in 
the  same  way  that  the  latter  is  formed  from  2  mols.  of  the  former.  This  appears 
to  be  the  most  probable  formula  which  can  be  assigned  to  phorone,  as  it  is  formed 
on  heating  nitrosotriacetonamine  with  potassic  hydrate  solution  (Heintz),  triace- 

CH^.CO.CH^ 

tonamine  being  apparently  a  compound  of  the  formula :  I  I 

(CH3),C.NH.C(CH3)3. 

Liquid  phorone  boils  at  about  210°  (410°  F.);  it  yields  acetic  acid  and  adipic 
acid,  C^Hg(C00H)2,  on  oxidation  (Kachler),  and  on  treatment  with  phosphoric 
anhydride  is  converted  into  pseudocumene.  The  condensation  of  acetone  would 
appear  therefore  to  take  place  in  a  totally  different  manner,  according  as  acid 
or  alkaline  agents  are  employed;  the  manner  in  which  the  latter  act,  however, 
is  at  present  quite  obscure. 

(1685)  EtHYLENEDIETHYL     KETONE:     C^J^QO.C^^^;    PhENYLENEDI- 

ETHYL  KETONE  :  CJIJ^CO.C^K^^. — The  first  of  these  compounds  is  obtained  by 
the  action  of  zincic  ethide  on  succinic  chloride,  C2H^(C0C1)2 ;  the  second,  in  a 
similar  manner,  from  phthalic  chloride.  The  ethylene  ketone  is  liquid,  and  can- 
not be  distilled ;  the  phenylene  ketone  forms  large  colourless  crystals,  possessing 
a  fruity  odour,  which  melt  at  52°  (i25°"6  F.);  neither  combines  with  acid  sul- 
phites (Wischin,  Ann.  Chem.  P harm,,  cxliii.  259). 

(  (^  H    ) 

(1686)  Diphenylene  KETONE:   CO  <     «tj4  \  ^  jg  formed  by  distillation  of 

diphenic  acid,  C,H^(COOH).CgH^(COOH),  with  excess  of  lime,  and  on  oxidation 
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of  diphenylenemethane  or  fluorene  (1383).  It  crystallizes  from  alcohol  in  pale 
yellow  plates,  melting  at  84°  (i83°'2  P.)j  ^.nd  boiling  above  300°  (572"  F.); 
when  carefully  fused  with  potassic  hydrate,  it  is  converted  into  the  potassic  salt  of 
phenylbenzoic  acid.CgHj.CgH^.COOH  (Fittig  and  Osterma,y er,  ibid.,  clxvi.  374). 

(1687)  Camphok  :  Cjj^HjgO. — The  nature  of  this  compound  is  at  present  far 
from  determined,  but  as  there  is  some  reason  to  suppose  that  it  belongs  to  the  class 
of  ketones,  it  may  conveniently  be  described  here.  Common  or  laurel  camj)hor 
is  produced  in  the  island  of  Formosa  and  Japan,  being  obtained  from  the  Laurus 
campkora,  a  tree  which  is  found  throughout  Central  China  and  in  the  Japanese 
Islands.  This  variet}'  is  dextrorotatory.  The  oil  of  feverfew  {Pyrethrum 
parthenium)  contains  a  substance  which  apparently  resembles  ordinary  camphor 
in  all  respects  excepting  that  it  manifests  an  optical  activity  of  equal  extent,  but 
of  opposite  sign ;  the  oils  of  many  labiate  plants,  such  as  lavender,  marjoram, 
rosemary  and  sage,  are  also  said  to  contain  camphors,  differing  merely  from 
ordinary  camphor  in  their  behaviour  to  polarized  light,  being  in  somes  cases 
optically  inactive.  A  substance  resembling  ordinary  camphor  is  formed  on  oxi- 
dation of  some  of  the  terpenes  (p.  237).  None  of  these  (?)  isomerides  of  ordinary 
camphor  have  been  sufficiently  examined,  however. 

In  order  to  extract  the  camphor,  the  wood  is  cut  into  small  chips,  which  are 
then  exposed  to  the  vapour  of  boiling  water  in  a  rude  kind  of  still  {vid,  Phar- 
macographia,  p.  461)  ;  the  crude  camphor  which  volatilizes  is  usually  exported 
without  further  purification.  The  so-called  camphor-oil  which  drains  from  the 
crude  camphor,  according  to  Beckett  and  Wright  {Journ.  Chem.  Sac,  xxix.  7), 
is  a  complex  mixture  probably  containing  a  terpene,  a  body  having  the  composi- 
tion Cj^HjgO,  and  a  liquid  oil  containing  less  hydrogen  than  camphor,  together 
with  much  camphor.  Crude  camphor  is  purified  in  Europe  by  sublimation  in 
peculiar  glass  flasks,  and  is  sent  into  the  market  as  refined  camphor  in  the  form  of 
large  bowls  or  concave  cakes,  each  of  which  has  a  round  hole  in  the  bottom  corre- 
sponding to  the  aperture  of  the  vessel  in  which  the  sublimation  has  been  conducted. 

Camphor  is  a  colourless  crystalline  solid  of  peculiar  odour,  ver}'  slightly 
soluble  in  water,  readily  soluble  in  alcohol,  ether,  chloroform,  carbonic  bisulphide, 
and  many  other  liquids;  it  melts  at  175°  (347*^  F.),  and  boils  at  205° 
(401°  F.),  volatilizing  rapidly  even  at  ordinary  temperatures.  By  spontaneous 
and  extremely  slow  sublimation,  it  may  be  obtained  in  lustrous  hexagonal  plates 
or  prisms.  It  is  extremely  tough,  and  cannot  be  pulverized  per  se,  but  if 
moistened  with  any  of  the  liquids  which  dissolve  it,  pulverization  is  effected 
without  difficulty.  Its  apparent  sp.  rotatory  power  in  solution  varies  according 
to  the  strength  of  the  solution  and  the  nature  of  the  solvent,  the  value  of  [a]j, 
in  the  case  of  alcoholic  solutions  containing  9*68,  30*16,  and  5 4' 7  per  cent, 
respectively  of  their  weight  of  camphor  being,for  example,  42°'8,44°'9,and  47°  8 ; 
its  absolute  sp.  rot.  power  determined  by  the  method  described  on  pp.  574 — 576 
being  at  20°  (68°  F.)  [ajn  =  55°'6  (Landolt,  Beut.  chem.  Ges.  Ber.,  ix.  914). 

Camphor  does  not  unite  with  acid  sulphites,  nor  is  it  oxidized  by  prolonged 
heating  with  a  concentrated  solution  of  potassic  dichromate  and  sulphuric  acid.  It 
absorbs  hydrochloric  acid,  sulphurous  anhydride,  and  nitric  peroxide  gases  in 
quantities  varying  according  to  temperature  and  pressure,  forming  colourless 
liquids  which  are  at  once  decomposed  by  water  (Bineau,  Ann.  Chim.  Phys.  [3], 
xxiv.  328);  it  also  unites  with  hydriodic  acid,  forming  a  crystalline  com- 
pound Cjj^HjylO  (Kekule  and  Fleischer,  ihid.,  vi.  934);  and  on  treatment  with 
nitric  acid,  it  yields  an  oily  substance  of  the  composition  (C^j^HjgO)2.N20j,  which 
is  also  decomposed  by  water  (Kachler,  Ann.  Chem.  Pharm.,  clix.  283).  It  is 
not  affected  by  the  ordinary  reducing  agsnts,  but  if  dissolved  in  an  inert  liquid 
such  as  toluene  and  heated  to  about  90°  (194°  F.)  with  sodium,  it  is  converted 
into   sodium  camphor,   C^j^H^jNaO,  and  the   hydrogen   thus  displaced  acts  on 
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another  portion  of  the  camphor  forming  borneol,  Cj,jH^y(OH)  ;*  by  the  action  of 
ethylic  iodide  on  sodium  camphor,  ethylcamphor,  C^^H^g (€2115)0,  is  produced  as 
a  colourless  liquid,  boiling  at  226° — 229°  (438°'8 — 444°  F.)  (Baubigny,  Arm. 
Chim.  Phys.  [4],  xix.  230).  Phosphoric  pentachloride  readily  acts  on  camphor,  dis- 
placing its  oxygen  by  chlorine;  the  resulting  compound,  C^^H^gClg,  is  crystalline, 
and  is  resolved  by  slow  distillation  into  hydrochloric  acid  and  cymene,  Cj^H^^.  Cam- 
phor also  yields  cymene  on  distillation  with  zincic  chloride,  or  phosphoric  anhydride 
or  pentasulphide  (Pott;  comp.  Fittica,  ^ww.  Chem.  Pharm.,  clxxii.  303) ;  in  no 
case,  however,  is  cymene  the  only  product :  both  lower  and  higher  homologues 
of  this  hydrocarbon,  viz.,  toluene,  xylene,  raesitylene  and  laurene  (p.  296), 
being  formed  when  zincic  chloride  is  employed  ;  whilst  with  phosphoric  pentasul- 
phide a  considerable  quantity  of  thiocymophenol,  C^^jH^g.SH  (Flesch;  Fittica), 
and  of  higher  and  lower  homologues  of  benzene  (Armstrong)  is  produced  ; 
apparently  the  cymene  obtained  with  the  aid  of  phosphoric  anhydride  is  a  purer 
product,  but  in  this  case,  according  to  Lippman  and  Longuinine  (^Zeits.  Chem. 
[2],  V.  413,  and  Rommier  {Comft.  Bend.,  Ixviii.  930),  small  quantities  of  phenol 
and  cresol  are  Ibrmed.  By  boiling  camphor  for  some  time  with  about  one-fifth 
of  its  weight  of  iodine,  a  considerable  amount  of  carvacrol  or  orthoraethyl 
metapropylphenol,  C^gH^g.OH  (p.  495),  is  produced  (Fleischer  and  Kekule, 
Deut.  chem.  Ges.  Ber.,  vi.  934);  colophene,  C^^Hg^,  and  cymene  and  other 
hydrocarbons  of  the  benzene  series,  are  also  largely  ibrmed  (Armstrong).  By 
passing  its  vapour  over  heated  soda  lime,  or  by  boiling  it  with  an  alcoholic 
solution  of  potassic  hydrate,  and  also  by  the  action  of  potassium  on  a  solution  of 
camphor  in  petroleum,  campholic  acid,  C^^jH^gO^,  is  produced  (Kachler,  Ann. 
Chem.  Pharm.,  clxii.  259).  By  prolonged  boiling  with  nitric  acid  of  sp.  gr.  1*3  7, 
camphor  is  converted  into  camphoric  acid,  C^^H2gO^  =  CgH^^(C00H)2,  which 
on  further  oxidation  by  nitric  acid  yields  camphoronic  acid,  C^H^^Og  =  (?) 
CyHj^(0H)(C00H)2  (Kachler,  j&io?.,  clix.  281);  by  heating  camphoronic  acid 
with  bromine  and  water  it  is  converted  into  oxycamphoronic  acid,  CgH^^Og, 
which  apparently  is  also  a  trihydric  dibasic  acid  (Kachler).  According  to 
Kulhem  (^6^c?.,  clxiii.  231),  if  the  boiling  with  nitric  acid  be  continued  for 
a  long  time,  a  crystalline  body,  which  he  terms  dinitroheptylic  (?  hex)  acid 
^i^iik^^dPi*  is  obtained.  The  behaviour  of  these  oxidation  products  is  of 
considerable  importance  as  throwing  light  on  the  constitution  of  camphor  itself. 
Thus  on  heating  camphoric  acid  with  a  considerable  quantity  of  a  saturated 
solution  of  hydriodic  acid  at  200°  (392°  F.)  it  yields  the  hydrocarbon  hexhydro- 
metaxylene,  CgH^g  =  CgH^^(CHg)2,  which  by  oxidation  is  converted  into  iso- 
phthalic  acid,  CgH^(C00H)2,  and  forms  trinitrometaxylene,  CgH(N02)g(CHjj)2» 
on  treatment  with  a  mixture  of  concentrated  nitric  and  sulphuric  acids  (Wreden, 
ibid.,  clxxxvii.  153).  By  carefully  fusing  camphoric  acid  with  potassic  hydrate  it 
is  converted  xnio pimelic  acid,  Q^^J^GOO)!)^  (Hlasiwetz  and  Grabowski;  Kachler, 
ibid.,  clxix.   168);  camphoronic  acid,  when  similarly  treated,  yielding  butyric 


*  The  compound  thus  obtained  exhibits  most  of  the  properties  characteristic 
of  the  borneol  extracted  from  the  Dryabalanops  camphora,  differing  only  in 
its  optical  activity  ;  but  different  specimens  exhibit  different  rotatory  powers 
(Montgolfier,  Compt.  Bend.,\xxx\.  341  ;lxxxiv.  445).  Borneol  much  resembles  cam- 
phor in  appearance,  but  forms  brittle  crystals  melting  at  198°  (388°*4  F.),  and 
boils  at  212°  (4I3°"6  F.) ;  it  is  converted  hito  camphor  by  oxidation  with  nitric 
acid  ;  hydrochloric  acid  and  phosphoric  pentachloride  convert  it  into  a  crystalline 
compound,  Cj^^H^yCl,  which  melts  at  132°  (269°*6  F.),  and  is  reconverted  into 
camphor  by  the  action  of  hypochlorous  acid  (Kachler).  When  heated  with  acids, 
borneol  yields  salts  such  as  the  stearate  CjgHgjOg.CjgHj^  (Berthelot).- 
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acid  in  accordance  with  the  equation  :  CM^fi,  +  2H  +  OH^  =  zCJclfl^  +  CO,, 
and  this  acid  is  also  obtained  from  oxycamphoronic  acid(Kachler,  ibid.,  clix.  295). 
Both  camphoronic  and  oxycamphoronic  acids  are  bodies  of  remarkable  stability, 
being  little  acted  upon  even  by  prolonged  boiling  with  nitric  acid  ;  the  former  may 
be  heated  with  bromine  at  150°  (302'  F.)  without  forming  substitution  derivatives. 

According  to  Wejd  {DeuL  chem.  Ges.  Ber.,  i.  96),  when  camphor  is  heated 
at  200°  (392°  F.)  with  a  saturated  solution  of  hydriodic  acid,  a  mixture  of  three 
hydrocarbons  of  the  composition  C^H^g ,  C^^H^g  and  C^^^Hg^,  is  obtained;  the 
hydrocarbon  C^^^H^g  appears  to  yield  four  distinct  acids  on  oxidation,  but  is  chiefly 
converted  into  uvitic  or  methylisophthalic  acid,  CgHg(CH3)(COOH)2. 

Camphor  unites  directly  with  bromine  to  form  a  crystalline  highly  unstable 
dibromide,  C^pH^gBr^O,  which  splits  up  on  distillation  into  hydrobromic  acid  and 
monohromocamphor,  C^^H^gBrO  ;  this  compound  boils  at  274°,  is  easily  soluble 
in  alcohol,  and  crystallizes  in  prisms,  which  melt  at  76°  (i68°*8  F.) 
(525°*2  F.)  ;  it  is  not  decomposed  by  an  alcoholic  solution  of  potassic  hydrate 
(Swarts;  Perkin).  On  heating  it  with  bromine  at  120°  (248°  F.),  dibromo- 
camphor  is  produced  (Swarts).  MonocJdorocamphor,  C^^H^gClO,  is  formed  by 
the  action  of  a  solution  of  hypochlorous  acid  on  camphor;  according  to  Wheeler, 
it  melts  at  95°  (203°  F.),  and  is  converted  into  oxycamphor,  Cj^^H^gO^,  by  the 
action  of  an  alcoholi'3  solution  of  potassic  hydrate  (ibid.,  cxlvi.  81).  Tetra-  and 
pentachlorocamphor  are  said  to  be  produced  on  passing  chlorine  into  a  solution 
of  camphor  in  phosphoric  trichloride  (Claus). 

Constitution  of  camphor. — From  the  fact  that  it  is  not  altered  by  heating 
with  stearic  and  similar  acids  (Berthelot),  that  it  does  not  furnish  an  acetyl 
derivative  when  heated  to  230° — 250°  (446° — 482°  F.)  with  acetic  chloride  or 
anhydride  (Baubigny),  and  that  it  exchanges  an  atom  of  oxygen  for  two  atoms 
of  chlorine  when  treated  with  phosphoric  pentachloride,  there  can  be  little  doubt 
that  camphor  does  not  contain  the  group  OH,  and  therefore  that  it  does  not 
belong  to  the  class  of  alcohols  ;  moreover,  it  does  not  manifest  the  properties  of 
an  aldehyde,  as  it  resists  oxidation  by  chromic  acid.  The  oxygen  must  there- 
fore be  regarded  as  present  either  in  the  form  in  which  it  is  contained  in 
ethylenic  oxide  or  in  the  ketones ;  its  conversion  into  borneol,  which  has  the 
properties  of  an  alcohol  and  is  readily  reconverted  into  camphor  on  oxidation,  and 
its  general  behaviour,  are  more  in  accordance  with  the  latter  view,  which  has 
been  adopted  by  Kachler  and  Kekule,  and  is  probably  that  most  generally  enter- 
tained by  chemists.  The  following  formula?  have,  however,  been  proposed  at 
various  times  for  camphor  (comp.  Kekule,  Deut.  chem.  Ges.  Ber.,  vi.  929)  : 
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HgC CHa 
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1            1 
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HgC  .  0  .  CHa 

Hlasiwetz. 
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HgC       CH 
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Kachler.  Eekul^. 


Hlasiwetz  bases  his  formula  on  the  relation  of  camphor  to  the  terpenes  and  on 
Bauer's  synthesis  of  a  terpene  from  diamylene  (1237);  he,  however,  wrongly 
regards  this  olefine  as  a  "  normal"  compound  [ibid.,  iii.  539).  Meyer, 
Kachler,  and  Kekule  assume  the  existence  of  the  C^H^  group  on  account  of 
the  formation  of  cymene  or  paramethylpropylbenzene  by  the  action  of  dehydrating 
agents,  Kekule  laying  especial  weight  on  this  transformation  of  camphor.  The 
formulae  which  have  been  assigned  to  camphoric  acid,  which  are  of  importance  as 
showing  the  manner  in  which  the  oxidation  of  camphor  has  been  supposed  to 
take  place,  are  as  follows  : 
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C(CH3)(C00H)  CH2  CH.C3H7 

HaC        CHg  H2C        CH.C2H4.COOH  H2C        COOH 

H3C        C(CH3)(C00H)  H2C        CH.COOH  HC        COOH 

\X  \/  \/ 

CH2  CH2  ■  C.CH3 

.  Wreden.  Kachler.  Kekul4. 

There  are  many  reasons,  however,  for  doubting  the  correctness  of  all  these 
formulae  for  camphor  and  camphoric  acid,  especially  those  proposed  by  Meyer, 
Kachler  and  Kekule.  Weyl's  observation  that  the  hydrocarbon  Cj^H^g,  obtained  by 
heating  camphor  with  hydriodicacid, yields  a  methyl^isophthalic  acid  (CHg :  COOH  : 
COOH  =  1:3:5),  on  oxidation  cannot  be  reconciled  with  the  assumption  that 
camphor  is  a  propyl  derivative,  supposing  no  isomeric  change  to  take  place  in  the 
formation  of  the  hydrocarbon ;  and  the  fact  that  the  hydrocarbon  obtained  from  cam- 
phoric acid  by  heating  it  with  hydrochloric  or  hydriodic  acid,  is  a  metadimethylben- 
zene  (CH^ :  dig  =1:3)  derivative  would  appear  to  necessitate  a  similar  conclusion. 
Moreover,  it  is  difficult  to  understand  the  resistance  which  camphor  opposes  to  oxi- 
dation if  it  be  a  propyl  derivative,  and  still  less  that  of  camphoronic  and  oxycam- 
phoronic  acids ;  the  fact  that  bromine  is  without  action  on  camphoronic  acid  even 
at  150°  (302°  F.)  is  also  worthy  of  note.  But  in  this  respect  even  if  camphor 
contain  the  propyl  group,  the  manner  in  which  this  group  is  supposed  by 
Kachler  to  undergo  oxidation  appears  improbable;  and  Kekule's  formula  for 
camphoric  acid  is  equally  improbable,  as  it  is  impossible  to  explain  by  it  the  con- 
version of  the  acid  into  a  metaxylene  derivative  by  the  action  of  hydriodic  acid, 
as  according  to  our  present  experience  a  reducing  agent  of  this  kind  would  not 
lead  to  the  formation  of  a  compound  in  which  the  chain  of  carbon  atoms  is 
"  closed"  from  one  in  which  it  is  "  open."  As  Hlasiwetz  has  pointed  out,  the 
formation  of  cymene  from  camphor  cannot  be  regarded  as  absolute  proof  that  the 
latter  is  a  propyl  derivative  on  account  of  the  simultaneous  formation  of 
homologous  hydrocarbons,  which  indeed  appear  to  constitute  a  very  considerable 
proportion  of  the  entire  product  in  some  cases  ;  it  may  be  remembered  also  that 
we  have  pointed  out  that  in  the  case  of  the  terpenes,  the  evidence  that  these  com- 
pounds are  normal  propyl  derivatives  is  by  no  means  conclusive,  although  thpy 
readily  furnish  cymene  (p.  290).  Kachler  does  not  expressly  state  that  the 
butyric  acid  he  obtained  by  fusing  camphoronic  acid  with  potassic  hydrate  was 
the  normal  acid,  CH3.CH,.CH2.COOH  ;  if,  however,  it  is  the  normal  acid  which  is 
produced,  there  is  not  only  evidence  that  camphor  is  not  a  propyl  derivative,  but 
it  is  even  probable  that  radicles  of  the  form  (CnH^n  4-  J  do  not  enter  into  its  com- 
position ;  and  of  all  the  formulae  which  have  been  proposed,  that  of  Hlasiwetz 
would  appear  to  approximate  most  closely  to  the  requirements  of  theory.  Much 
further  study  of  camphor  and  its  derivatives  is  necessary,  however,  and  the  state- 
ments which  have  been  made  with  regard  to  the  hydrocarbons  obtained  from  it, 
and  the  behaviour  of  its  derivatives  on  fusion  with  potassic  hydrate,  must  be 
substantiated  before  it  will  be  possible  to  construct  a  formula  which  shall  exhibit 
in  a  satisfactory  manner  the  results  of  experimental  inquiry. 

§   IV.     QuiNONES. 

The  name  quinone  was  originally  applied  by  Berzelius  to  the 
compound  CgH^Og  first  obtained  by  Woskresensky  in  1838  by 
oxidation  of  quinic  acid^  but  it  is  now  applied  to  a  number  of 
bodies  analogous  to  it  in  composition,  and  which  exhibit  in  a 
more  or  less  marked  degree  its  peculiar  characteristic  qualities. 
The  quinones  are  all  derivatives  of  hydrocarbons  of  the  benzene 
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series  or  of  isologous  hydrocarbons,  such  as  naphthalene  and 
anthracene;  the  view  most  generally  entertained  with  regard  to 
their  constitution,  first  suggested  by  Graebe,  is  that  they  are 
formed  from  these  hydrocarbons  by  the  displacement  of  two 
atoms  of  hydrogen  by  two  atoms  of  oxygen  which  together  act 
as  a  dyad  radicle.  The  hydrogen  atoms  thus  displaced  are 
always  such  as  are  associated  with  carbon  atoms  forming  part  of 
a  closed  chain. 

There  are  three  general  methods  of  obtaining  quinones. —  i. 
By  oxidation  of  the  quinols  (hydroquinones) — i.e.,  the  dihydric 
phenols  in  which  the  OH  groups  occupy  relatively  the  positions  1:4. 
Thus  quinol  (hydroquinone),  CgH  ^(OH)^,  yields  quinone,  CgH^Og. 
The  oxidation  is  very  readily  effected^  the  quinols  being  at  once  con- 
verted into  the  corresponding  quinones  on  merely  adding  nitric 
acid,  or  a  solution  of  potassic  dichromate  and  sulphuric  acid,  to 
their  aqueous  solutions,  and  in  many  cases  mere  exposure  to  the  air 
is  sufficient.  The  reverse  change,  that  of  the  quinones  into  quinols, 
takes  place  with  equal  facility,  being  in  most  cases  effected  by 
means  of  so  feeble  a  reducing  agent  as  sulphurous  acid  without 
the  aid  of  heat,  or  by  digestion  with  a  solution  of  hydriodic  acid 
and  phosphorus.  2.  By  oxidation  of  diamido-derivatives  of 
hydrocarbons  of  the  benzene  and  isologous  series,  and  of  amido- 
derivatives  of  the  monohydric  phenols,  this  being  the  method 
most  generally  available  for  their  preparation.  Paradiamido- 
benzene,  CgH^(NH2)2,  ^^^  paramidophenol,  CgH4(NH2).OH,  for 
example,  both  furnish  quinone,  CgH^Og,  on  oxidation.  It  is 
probable  that  the  formation  of  quinones  in  this  manner  is  pre- 
ceded by  that  of  the  corresponding  alcohols,  the  amido- group 
being  in  the  first  instance  displaced  by  OH.  3.  By  oxidation  of 
the  corresponding  hydrocarbons,  as  in  the  formation  of  anthra- 
quinone,  Cj^HgOg,  from  anthracene,  C^^Hj^,  by  oxidation  with 
chromic  acid.  Quinones  have  not  been  prepared  from  hydro- 
carbons of  the  benzene  series  by  this  method,  however ;  they  are 
doubtless  formed  in  the  first  instance,  but  destroyed  by  further 
oxidation,  as  their  chlorinated  derivatives  and  chlorinated  quinols 
are  obtained  when  reagents  are  employed  which  simultaneously 
exert  an  oxidizing  and  chlorinating  action.  Thus,  when  benzene 
is  submitted  to  the  action  of  a  mixture  of  potassic  chlorate  and 
sulphuric  acid,  both  dichloroquinone,  CgH^ClgOg,  and  trichloro- 
quinol  (trichlorhydroquinone),  CgHCl3(OH)2,  are  produced. 

(1688)  Quinone  ;  benzoquinone  .-  Cgll^O^. — This  compound  is  formed 
by  oxidation  of  paradioxybenzene  or  quinol  (hydroquinone),  of  paradiamido- 
benzene  (paraphenylenediamiae),  of  paramidophenol,  and  of  paramidobenzene- 
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sulphonic  acid,  but  not  of  either  of  the  isomeric  dioxy-  or  diamidobenzenes, 
araidophenols,  or  amidobenzenesulphonic  acids  ;  also  by  oxidation  of  diparamido- 
diphenyl  or  benzidine,  of  amidobenzene  or  aniline,  and  of  quinic  acid, 
CgHy(OH)^.COOH,  as  well  as  of  coffee  and  other  vegetable  substances  which 
furnish  quinic  acid.  It  is  most  readily  prepared  by  oxidizing  aniline  with  sul- 
phuric acid  and  potassic  dichromate  (Nietzki,  Deut.  chem.  Ges.  Ber.,  x.  1934). 

Quinone  crystallizes  in  long,  golden  yellow  prisms,  difficultly  soluble  in 
water,  but  easily  in  alcohol  and  ether,  melting  at  116°  (240°'8  F.) ;  it  volatilizes 
at  ordinary  temperatures  and  readily  in  a  current  of  steam ;  under  reduced 
pressure  it  may  be  completely  vaporized  at  the  temperature  of  boiling  aniline, 
when  it  has  a  vapour  density  corresponding  to  the  formula  CgH^O^  (Hofmann). 
It  possesses  a  pungent  odour,  somewhat  like  that  of  iodine.  A  cold  aqueous 
solution  of  sulphurous  acid  rapidly  transforms  it  into  quinol  (hydroquinone), 
CgH^(0H)2,  with  formation  of  sulphuric  acid.  When  exposed  either  alone  or  in 
aqueous  solution  to  the  air,  it  gradually  becomes  brown ;  and  if  its  aqueous 
solution  be  rendered  alkaline  with  ammonia  or  potassic  hydrate,  it  absorbs  oxygen 
and  deposits  a  brown  matter. 

Haloid  Deeivatives  of  Quinone. — Chlorinated  derivatives  of  quinone 
are  obtained  by  the  action  of  a  mixture  of  potassic  chlorate  and  hydro- 
chloric or  sulphuric  acid  on  all  substances  which  furnish  quinone  on  oxidation, 
and  also  by  direct  chlorination  of  quinone.  Monochloroquinone,  CgH^ClO^,  is 
obtained  together  with  the  higher  chlorinated  derivatives  of  quinone  on  distilling 
quinic  acid  with  manganic  dioxide, hydrochloric  and  sulphuric  acid;  it  forms  slender 
yellow  needles  melting  below  100°  (212°  P.)  (Stoedeler).  Sulphurous  acid  con- 
verts it  into  monochloroquinol  (monochlorhydroquinone — 1512),  CgHgCl(0H)2, 
which  is  also  formed  on  dissolving  it  in  concentrated  hydrochloric  acid. 
Dichloroquinone,  QJlJd\p^{0  :  CI :  0  :  CI  =  I  :  2  :  4  :  6),  is  most  readily  pre- 
pared by  the  action  of  concentrated  nitric  acid  on  trichlorophenol  (Faust,  Ann. 
Chem.  Pharm.,  cxlix.  149);  it  is  also  a  product  of  the  action  of  chlorous 
anhydride  and  of  chloric  acid  on  benzene  (Carius),*  and  of  the  oxidation  of 
diorthochloroparamidophenol,  CgH^CyNH^^.OH.  It  crystallizes  from  alcohol  in 
straw-yellow  prisms,  melting  at  120°  (248°  F.),  and  readily  volatilizes  in  a 
current  of  steam  ;  it  yields  dichloroquinol  on  reduction ;  it  dissolves  in  ammonia, 
forming  a  solution  which  gradually  turns  green,  then  reddish,  and  finally  brown, 
from  which  acids  no  longer  precipitate  the  unaltered  substance.  By  the  pro- 
longed action  of  chlorine  and  of  chlor-oxidizing  agents  on  quinone  and  substances 
which  furnish  quinone  on  oxidation,  so-called  chloranil  is  obtained,  which  was 
long  regarded  as  tetrachloroquinone ;  Graebe,  however,  showed  that  it  was  a 
mixture  of  tri-  and  tetrachloroquinone,  which  cannot  be  easily  separated  by  the  aid 
of  solvents,  but  may  each  be  obtained  in  the  pure  state  by  digesting  the  mixture 
with  sulphurous  acid  and  then  boiling  the  product  with  water,  which  removes 
the  trichloroquinol,  leaving  the  tetrachloroquinol  undissolved  :  the  quinols  are 
then  reconverted  into  the  quinones  by  oxidation,  and  the  latter  purified  by 
crystallization  {ibid.,  cxlvi.  i).  Graebe  prepares  chloranil  from  phenol  by  the 
action  of  potassic  chlorate  and  hydrochloric  acid  ;t  according  to  Stenhouse, 
(Jour.  Chem.  Soc,  xxi.  141  ;  xxiii.  6),  a  considerable  increase  of  yield  is 
obtained  if  the  product  be   submitted   to  the   action  of  chloride  of  iodine   in 


*  Krafi*t  has  recently  shown  {Deut.  chem.  Ges.  Ber.^  x.  797),  that  the 
trichlorophenomalic  acid  of  Carius,  which  was  said  to  be  formed  in  this  reaction 
together  with  dichloroquinone,  is  in  reality  trichloroquinol  (trichlor hydroquinone). 

t  Schreder  has  observed  that  the  mother-liquors  from  the  preparation  of 
chloranil  contain  an  acid  of  the  formula  CCl3.C(Oli)2.COOH,  which  is  also 
formed  from  gallic  and  salicylic  acids  {ibid.,  clxxvii.  282). 
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presence  of  water.  Tnchloroquinone  forms  small  yellow  prisms,  melting  at 
about  165°  (329°  F.)  ;  tetrachloroquinone  crystallizes  in  pale-yellow  scales, 
which  sublime  completely  without  melting  if  gently  heated,  but  if  suddenly 
heated  it  melts,  undergoing  partial  decomposition.  Both  are  insoluble  in  water, 
which  dissolves  mono-  and  dichloroquinone,  and  difficultly  soluble  in  alcohol,  but 
more  soluble  in  benzene.  Both  yield  hexachlorobenzene,  CgClg,  when  heated  at 
180° — 200°  (356° — 392°  F.)  with  phosphoric  pentachloride  with  addition  of 
phosphoric  oxychloride  as  solvent  (Graebe)  ;  with  acetic  chloride,  trichloroquinone 
yields  diacetyltetrachloroquinol,  CgCl^(O.C2HgO)2,  which  is  also  produced  by  the 
action  of  acetic  chloride  on  tetrachloroquinol  at  ordinary  temperatures  (Graebe) ; 
when  digested  with  sulphurous  acid,  or  hydriodic  acid  and  ordinary  phosphorus 
(Stenhouse),  they  furnish  the  corresponding  quinol  derivatives ;  trichloroquinol 
is  scarcely  affected  by  treatment  with  sodium  amalgam  and  water.  Hesse  has 
described  a  number  of  remarkable  bodies  derived  from  tri-  and  tetrachloroquinone 
by  the  action  of  sulphites,  which  have  since  been  examined  by  Graebe,  who  has 
proposed  formulae  for  them  differing  somewhat  from  those  assigned  to  them  by 
their  discoverer.  Thus  on  adding  tetrachloroquinone  to  a  warm  dilute  solution 
of  potassic  sulphite,  two  sulpho-salts  are  produced,  one  of  which  Graebe  represents 
as  a  dichloroquinoldisulphonate  :  Cf\0^  +  S^^SOg  +  OH^  =  CgCl,(OH)2(S03K).^ 
+  2KCI  +  KHSO^ ;  regarding  the  other  as  formed  by  the  displacement  of  the 
four  atoms  of  chlorine  in  tetrachloroquinone  by  the  group  SO^K,  and  the  union 
of  the  resulting  compound  with  a  molecule  of  hydric  potassic  sulphite.  Potassic 
thiochronate,  Cg(OH)(O.S03K)(S03K)^,  as  the  latter  salt  is  called,  is  resolved  into 
hydric  potassic  sulphite  and  potassic  quinoldisulphonate,  Q^J^OH\{^^OJ^)^, 
when  heated  with  dilute  hydrochloric  acid  solution  at  100°  (212°  F.) ;  and  by 
the  action  of  alkalies  it  is  converted  into  the  potassic  salt  of  euthiochronic  or 
dloxyquinonedisulpJionic  acid,  OfijfiK)J^^O.^K.)^.  By  the  action  of  reducing 
agents  on  potassic  euthiocronate,  the  potassic  salt  of  tetroxyhenzenedisulphonic 
acid,  CJjyK)J^^OyK.)^,  is  produced.  Trichloroquinone  yields  the  potassic  salt 
of  trichloroquinolsulphonic  acid,  Cg(OH)2Cl3(S03H),  on  treatment  with  potassic 
sulphite  ;  and  by  the  action  of  potassic  hydrate  on  this  salt  in  presence  of  oxygen, 
the  potassic  salt  of  chlorodioxyquinonesulphonic  acid,  Cg02Cl(OK)2(S03K),  is 
produced. 

The  chlorine  in  tri-  and  tetrachloroquinone  is  also  readily  displaced  by  the  action 
of  alkalies  ;  the  products  of  their  action  have  chiefly  been  studied  by  Koch,  Graebe, 
and  Stenhouse.  Thus  by  dissolving  chloranil  in  a  dilute  solution  of  potassic  hydrate, 
it  is  converted  into  the  potassic  derivative  of  so-called  chloranilic  acid  or  dichloro- 
dioxyquinone,  CgCl202(OH)2,  which  crystallizes  in  beautiful  purple-red  prisms  ; 
the  "  acid"  itself,  which  may  be  obtained  by  dissolving  the  salt  in  water  and 
adding  hydrochloric  acid,  forms  bright-red  shining  scales.  By  the  action  of 
reducing  agents,  dichlorodioxyquinone  is  converted  into  dichlorodioxy quinol  or 
dichlorotetroxybenzene,  CgCl.,(OH)^,  which  crystallizes  in  colourless  needles;  it 
is  permanent  in  the  dry  state,  but  when  moist  absorbs  oxygen  and  is  reconverted 
into  the  parent  compound.  Acetic  chloride  at  100°  (212°  F.)  converts  dichloro- 
dioxyquinol  into  the  tetracetyl  derivative,  ^^^^{^fip.:^^ ;  and  when  acted  upon 
by  phosphoric  pentachloride  in  the  proportion  of  i  raol.  to  2  mols,  of  the  latter 
it  yields  a  tetrachlorodioxybenzene,  CgCl^(0H)2,  which  differs  from  tetrachloro- 
quinol in  being  easily  soluble  in  water  and  also  by  yielding  a  dark-green  colour 
with  ferric  chloride,  the  latter  circumstance  rendering  it  probable  that  it  is  a 
catechol  (pyrocatechin)  derivative. 

Mono-  and  dibromo-derivatives  of  quinone  are  unknown ;  a  mixture  of  tri- 
bromophenol  and  tetrabromoquinone  is  formed  by  the  action  of  bromine  in 
presence  of  iodine  and  water  on  phenol  (Stenhouse).  The  latter  compound  closely 
resembles  the  corresponding  chloroquinone  in  properties.     If  bromine  is  added 
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to  water  in  which  bromanilic  acid,  CgBr20^(OH)2,  is  suspended  until  the  latter 
is  dissolved,  and  the  solution  is  then  allowed  to  stand,  crystals  are  obtained 
which  apparently  have  the  composition"  CgBr^^OH,  and  a  correspondino- 
substance,  OgBrgClgOH,  is  produced  on  similar  treatment  of  chloranilic  acid 
(Stenhouse).  * 

(1689)  Qtjinhydeone. — When  solutions  of  quinone  and  of  quinol  are 
mixed  together,  the  two  combine  forming  so-called  quiuhydrone,  which  crystal- 
lizes from  the  solution  in  long  flat  glistening  green-coloured  needles ;  this 
substance  is  also  formed  by  incomplete  reduction  of  quinone,  and  by  partial 
oxidation  of  quinol.  According  to  Liebermann,  it  has  the  composition  C^jH^^O^, 
as  very  nearly  the  theoretical  amount  is  obtained  when  the  quinone  and  quinol  are 
employed  in  simple  molecular  proportions.  It  dissolves  in  hot  water,  and  separates 
almost  entirely  from  the  solution  on  cooling,  but  is  decomposed  by  boiling  with 
water ;  reducing  agents  convert  it  into  quinol,  and  oxidizing  agents  into  quinone 
{Deut.  chem.  Ges.  Ber.,  x.  16 14).  The  bodies  homologous  and  isologous 
with  quinone  and  their  haloid  derivatives  mostly  form  similar  compounds. 

(1690)  Phenoquinone. — This  name  has  been  assigned  by  Wichelhaus  to 
the  compound  CjgHj^O^  formed  together  with  quinol,  quinhydrone,  and  probably 
other  reduction  products  when  quinone  is  added  to  a  solution  of  phenol,  and 
also  by  careful  oxidation  of  phenol  (comp.  p.  476).  When  purified  by  sublima- 
tion, it  forms  beautiful  red  needles  with  green  metallic  lustre,  melting  at 
71°  (i59°*8  F.)  ;  it  dissolves  in  water,  and  when  heated  with  alkalies  or  acids 
is  readily  resolved  into  its  generators  or  their  products  of  decomposition.  From 
the  manner  in  which  it  is  formed  it  probably  has  the  formula  CgH^(0.0CgHg)2. 

All  the  phenols  appear  to  react  with  quinone  in  a  similar  way.  Thus  on 
mixing  solutions  of  quinone  and  pyrogallol,  pyrogalloquinone  at  once  separates, 
and  the  liquid  is  found  to  contain  only  quinol : 

2C,HA  +  2C,H3(0H)3  =  C,H,(OH),  +  C.HXO.OC.H^COHy^ 

Quinoue.  Pyrogallol.  Quinol.  Pyrogalloquiuone. 

This  body  forms  brick-red  needles,  insoluble  in  water,  melting  at  about  200° 
(392°  F.). 

Probably,  also,  all  the  homologues  and  isologues  of  quinone  which  are  with- 
out difficulty  converted  into  quinols,  resemble  quinone  in  their  behaviour  with 
phenols.  The  haloid  derivatives  of  the  quinones,  however,  act  somewhat  difie- 
rently,  trichloroquinone  yielding  quinhydrone  and  pyrogalloquinone,  respectively, 
on  treatment  with  quinol  and  pyrogallol,  whilst  tetrachloroquinone  is  converted 
into  tetrachloroquinol  by  heating  with  pyrogallol  at  100°  (212°  F.).  Thiophenol 
also  exerts  a  reducing  action  on  quinone,  converting  it  into  quinhydrone  and  quinol. 

By    the  action  of  aniline,   phenoquinone   is   converted  into  the   compound 

*  The  nature  of  these  remarkable  products  is  at  present  unknown,  but  it  is 
not  improbable  that  their  relation  to  benzene  is  less  simple  than  these  formulae 
indicate,  as  complex  bodies  have  been  obtained  by  the  action  of  chlorinating  and 
brominating  agents  on  other  derivatives  of  benzene.  Thus  by  the  action  of 
bromine  in  presence  of  water  on  triamidophenol,  Weidel  and  Gruber  have 
obtained  the  compound  CjgHgNgBr^jOy,  which  is  converted  into  the  compound 
Cj^gHyBr^jO^^  by  warming  with  sulphuric  acid,  the  latter  being  probably  related 
to  the  bodies  C^jH^Br^^O,  C^gH^Br^^Og,  &c.,  obtained  in  a  similar  manner  by 
Stenhouse  and  Groves  from  catechol  and  pyrogallol  (pp.  525 — 548);  by  the 
continued  action  of  bromine  and  water,  the  compound  C^gHgNgBr^^O^  is  converted 
into  hexahromacetone,  CBrg.CO.CBig,  carbonic  anhydride  and  ammonia  being  the 
only  accessory  products  {Deut.  chem.  Ges.  Ber.,  x.  1137).  Benedikt  also  has 
recently  obtained  the  compound  CgBrgOH  by  the  action  of  bromine  in  presence 
of  water  on  tribromophloroglucol ;  this  body  y\e\^&  jpentahromacetone  on  warming 
with  alcohol  {Ann.  Chem.  Pharm.,  clxxxix.  165), 
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C^gHjgOjN^,  identical  with  the  substance  obtained  by  Hofmann  by  the  action  of 
aniline  on  quinone,  and  which  may  be  represented  by  the  formula 
CgH^(0.NH.CgHg)2  (Wichelhaus).  The  action  of  aniline  on  tetrachloroquinone, 
however,  is  analogous  to  that  of  alkalies,  the  compound  CgCl202(NH.CgH5)2 
being  formed  (Hofmann). 

(1691)  Resoequinone. — Catechol  and  resorcinol,  the  isomerides  of  quinol, 
do  not  yit'ld  substances  related  to  them  as  quinone  is  to  quinol  on  oxidation ;  but 
as  already  mentioned  (pp.  523,  531),  the  so-called  pentabromoresorcinol  obtained 
by  the  action  of  bromine  in  excess  on  resorcinol,  on  warming  is  converted  into 
the  compound  CgHBr^jO^,  with  loss  of  two  atoms  of  bromine ;  this  compound, 
which  is  isomeric  with  tribromoquinone,  is,  perhaps,  derived  from  a  body  bearing 
a  similar  relation  to  resorcinol  that  quinone  does  to  quinol.  It  dissolves  easily  in 
alcohol,  with  difficulty  in  ether,  benzene,  &c.,  crystallizing  in  small  needles,  which 
decompose  at  about  190°  (374°  F.) ;  the  attempts  to  combine  it  with  hydrogen 
and  with  bromine  have  been  unsuccessful.  A  similar  compound  is  obtained 
by  the  decomposition  of  the  so-called  pentabromorcin  (Liebermann  and  Dittler). 

(1692)  ToLUQUiNONE  or  Methylquinone  :  CHg.CgHgO^. — This  quinone 
is  formed  on  oxidation  of  orthometadiamidotoluene :  CH3.CgHg(NH2)2 
(CHg  :  NHj  :  NH2=  1:2:5)  ^^^  ^^  orthotoluidine ;  it  closely  resembles 
benzoqumone,  crystallizing  in  golden-yellow  scales,  which  melt  at  67°  (i52°'6 
F.)  ;  on  reduction  with  sjilphurous  acid,  it  is  converted  into  methylquinol, 
CH3.CgH3(OH)2,  which  forms  colourless  needles,  melting  at  124°  (255°"2  F.) 
(Nietzki,  Deut.  ckem.  Ges.  Ber.,  x.  S;^^;  1934). 

According  to  Southworth  {A7m.  Chem.  Pkarm.,  clxviii.  268),  metacresol 
yields  only  dichlorotoluquinone,  and  orthocresol  a  mixture  of  di-  and  trichlorotolu- 
quinone,  on  treatment  with  potassic  chlorate  and  hydrochloric  acid,  whilst 
paracresol  does  not  furnish  a  quinone  derivative ;  beech-tar  creasote,  according 
to  Gorup-Besanez,  when  thus  treated,  yields  a  certain  quantity  of  tetrachloro- 
ioluquinone  (com^.  Brauninger,  ibid.,  clxxxv.  350). 

(1693)  Xyloquinone. — By  oxidizing  the  portion  of  crude  phenol  boiling 
^t  195° — 220°  (374'' — 428°  F.),  Rommier  and  Bouilhon  {Jahresh.,  1862,  322) 
have  obtained  a  substance — the  so-called  phlorone — of  the  composition  of 
xyloquinone,  CgHgOg,  which  crystallized  from  water  in  long,  very  slender  yellow 
needles,  melting  at  about  61°  (i4T°'8  F.).  According  to  Gorup-Besanez,  a 
tetrachlorinated  xyloquinone  is  formed  in  small  quantity  on  treating  certain 
beech-tar  creasotes  with  hydrochloric  acid  and  potassic  chlorate. 

(1694)  OXYMETAXYLOQUINONE     Or    OxYDIMETHYLQCINONE  :       C^HgOg  = 

(CHg)2CgH(OH)02.— This  compound  is  formed  by  the  oxidation  of  diamido- 
mesitylene  (CH3)gCgH(NH2)2.  It  crystallizes  from  water  in  orange-red 
needles,  and  like  benzoquinone  is  very  volatile,  and  has  a  pungent  odour ;  it 
melts  at  103°  (2I7°"4  F.).  Its  aqueous  solution  is  immediately  coloured  a 
magnificent  reddish  violet  by  the  addition  of  a  trace  of  any  alkaline  substance 
in  consequence  of  the  formation  of  the  corresponding  metallic  derivative,  of  which 
several  have  been  prepared;  the  potassium  compound,  QJ1^{0K)0^,  forms 
small  black  needles  extremely  soluble  in  water.  On  reduction,  it  yields  trioxy- 
metaxylene,  (0113)20^11(011)3,  which  crystallizes,  with  a  molecule  of  water,  in 
large,  colourless,  flat,  apparently  monoclinic  prisms,  melting  at  89°  (i92°*2  F.), 
whilst  the  anhydrous  compound  melts  at  about  122°  (25i°-6  F.).  It  oxidizes 
on  exposure  to  the  air  with  formation  of  the  corresponding  quinhydrone,  which 
crystallizes  in  needles  resembling  potassic  permanganate,  melting  at  about 
143°  (289°'4  F.)  ;  ferric  chloride  reconverts  it  into  the  oxyquinone.  On  dis- 
tillation over  heated  zinc  dust,  trioxymetaxylene  is  reduced  to  metaxylene  (Fittig 
and  Siepermann,  Ann.  Chem.  Pharm.,  clxxx.  23). 

(1695)  Cymoquinone  or  Methylpeopylquinone;  thymoquinone :  Cj^H^.O^ 
=  CjHya.CgH2(CHj)02. — This  quinone  is  formed  by  oxidation  of  both  thymol-  and 
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carvacrolsulphonic  acids  (p.  494),  but  is  best  prepared  by  distilling  the 
arnidothymol  obtained  by  reduction  of  nitrosothymol  with  a  concentrated  solution 
of  ferric  chloride.  It  crystallizes  in  yellow  glistening  plates,  raeltino-  at 
45°-5  (ii3°"9  F.),  and  boils  at  about  200°  (392°  F.)  without  decomposing 
(Carstanjen) ;  when  kept,  however,  especially  if  moist,  it  appears  to  be  polymerized, 
being  converted  into  a  white  porcelain-like  substance,  which  crystallizes  from 
alcohol  in  long  yellowish-white  needles,  melting  at  about  200°  (392°  F.) 
(Liebermann.)  The  quinone  is  extremely  volatile,  and,  like  the  homologous 
compounds,  possesses  a  pungent  odour.  By  the  action  of  sulphurous  acid, 
it  is  first  converted  into  thymoquinhydrone,  which  crystallizes  in  black 
needles,  and  then  into  thymoquinol  (hydrothyraoquinone — 1521).  It  dis- 
solves in  a  concentrated  solution  of  potassic  sulphite  heated  to  about  60° 
(140"  F.),  with  considerable  development  of  heat,  and  on  cooling  the  liquid  solidi- 
fies to  a  mass  of  crystals  of  the  sulpho-salt  0^^11^302 (SO^K).  This  salt  yields 
thymoquinol  when  boiled  with  hydrochloric  acid  ;  but  if  the  solution  is  mixed 
with  an  alkali  and  exposed  to  the  air,  it  absorbs  oxygen  energetically,  and  acquires 
a  dark  purple-violet  colour :  on  adding  an  acid,  an  orange-coloured  precipi- 
tate of  oxybhymoquinone,  0^^11^,(011)02,  is  obtained;  hence  it  is  probable  that 
the  salt  in  question  is  a  dioxycymenesulphonate,  C3H^«-.CgH(CH.^)(OH),,S03K 
(Carstanjen).  The  homologues  of  thymoquinone  appear  to  behave  in  a  similar 
manner  with  sulphites.  Cymoquinone  dissolve?  in  concentrated  hydrochloric 
acid,  forming  raonochlorocymoquinol,  C3Hy*.CgH'(CH3)Ct(0H)2.  On  treatment 
with  bromine,  it  yields  mono-  and  dibromocymoquinone  ;  the  former  crystallizing 
in  yellow  needles,  the  latter  in  glistening  pale-yellow  scales,  which  melt  at 
73°"5  (i64°'3  ^')  ;  dibromocymoquinone  does  not  appear  to  be  acted  on  by 
sulphurous  acid,  although  on  treatment  with  tin  and  hydrochloric  acid  it  is 
reduced  to  cymoquinol. 

(1696)  OxvcYMOQUiNONES. — Diamidothymol  and  diamidocarvacrol  hydro- 
chlorides both  furnish  oxycymoquinone,  CgH^*  CgH(CH3)(OH)02,  on  distillation 
with  a  solution  of  ferric  chloride  ;  when  purified  by  sublimation,  this  substance 
forms  brilliant  scarlet-coloured  crystals,  mixed,  however,  with  orange-coloured 
needles,  which  possess  the  same  composition  but  melt  at  a  lower  temperature 
(Carstanjen).  According  to  Ladenburg  and  Engelbrecht,  however,  the  lighter- 
coloured  crystals  are  probably  dioxycymoquinone,  monoxycymoquinone  melting 
constantly  at  169° — 172°  (336°'2 — 341^^*6  F.).  Oxycymoquinone  dissolves  in 
alkaline  solutions,  forming  a  deep  purple^red  coloured  liquid ;  on  boiling  it  with 
potassic  hydrate,  dioxycymoquinone,  Q^^'^.Qj(^]l^{0)l)f)^,  is  formed.  This 
crystallizes  in  pale-red  prisms,  melting  at  220°  (428°  F.)  (Carstanjen,  Journ. 
pr.  Chem.  [2],  iii.  63  ;  xv.  398  ;  Liebermann,  Deut.  cJiem.  Ges.  Ber.,  ix.  1778; 
X.  77,  611  ;  Ladenburg  and  Engelbrecht,  ibid.,  x.  49,  1218). 

(1697)  Naphthaquinone  :  Cj^jHgOg. — Naphthalene  may  be  directly  con- 
verted into  this  quinone  by  oxidation  with  a  solution  of  chromic  anhydride  in 
glacial  acetic  acid  (Groves,  Journ.  Chem.  Soc,  xxvi.  209) ;  and  it  is  formed  in 
almost  theoretical  quantity  by  oxidation  of  the  diamidonaphthalene  prepared  by 
reducing  the  nitroamidonaphthalene,  which  melts  at  191°  (375°"8  F.)  (comp. 
p.  349).  It  closely  resembles  the  quinones  derived  from  the  hydrocarbons  of 
the  benzene  series,  being  a  bright  yellow  crystalline  substance,  possessing  a 
pungent  odour,  and  readily  volatile  with  vapour  of  water ;  it  melts  at  about 
125°  (257°  F.)  It  yields  naphthaquinol  on  reduction  (1522);  and  combines 
with  this  compound  forming  naphthaquinhy drone,  C^^H^^O^,  which  is  a  dark 
purple  crystalline  substance. 

An  oxynaphthaquinone,  0^^^11^(011)02,  has  been  prepared  by  boiling  the 
so-called  diimidonaphthol  (p.  500)  with  hydrochloric  acid.  Dioxynaphtha- 
quinone  or  naphthazarin,  C^^J^OH).f).^,  is  obtained  by  the  action  of  concen- 
trated sulphuric  acid  and  zinc  or  of  sulphuric  acid  alone  on  a-dinitronaphthalene 
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(p.  353)  (Liebermann,  Deut.  chem.  Ges.  Ber.,  iii.  905  ;  De  Aguiar  and  Baeyer, 
ibid.,  iv.  251,  438)  ;  it  forms  red-brown  crystals,  having  a  bright  green  metallic 
lustre,  and  yields  a  series  of  coloured  metallic  derivatives.  By  acting  on  dinitro- 
a-naphthol  with  potassic  chlorate  and  hydrochloric  acid,  dichloronaphthaquinoney 
C^^jH^ClgOg,  is  produced,  which  Graebe  has  shown  (^Ann.  Chem.  P/iarm.,  cxlix.  i) 
exhibits  the  closest  resemblance  to  tri-  and  tetrachloroquinone  in  its  reactions. 

(1698)  /G-Naphthaquinone  :  C^^HgO^. — By  oxidation  of  amido-3-naphthol 
Stenhouse  and  Groves  have  obtained  a  substance  isomeric  with  naphthaquinone, 
crystallizing  in  slender  needles  of  a  bright  orange  colour,  melting  at  96°  (204°'8 
F.) ;  it  is  much  less  volatile  than  the  isomeride,  but  like  it  is  converted  into 
the  corresponding  quinol  on  hydrogenation,  and  yields  phthalic  acid  on  oxidation 
by  nitric  acid ;  when  it  is  mixed  with  a  solution  of  the  quinol,  dark-coloured 
crystals  are  deposited,  probably  consisting  of  the  quinhydrone  {Jour.  Chem.  Soc, 
1877,11.52). 

(1699)  CoERULiGNONE  or  CEDRiRET  :  C^gH^gOg. — In  Order  to  purify  the 
crude  acetic  acid  obtained  by  distillation  of  wood  (beech  and  birch),  it  is  the 
practice  in  some  manufactories  to  add  a  small  quantity  of  potassic  dichromate 
to  the  acid  separated  from  the  crude  calcic  acetate  by  distillation  with  a  stronger 
acid,  and  to  allow  the  mixture  to  stand  for  some  time  ;  the  surface  of  the  liquid 
then  becomes  covered  with  a  bluish  skin,  which  gradually  sinks,  forming  a  lolae 
deposit  on  the  bottom  of  the  vessel  containing  the  liquid.  This  substance  is 
insoluble  in  all  ordinary  solvents,  but  may  be  purified  by  dissolving  it  in  phenol 
warmed  to  about  30°  (86°  F.),  and  precipitating  with  alcohol  or  ether,  the 
precipitate  being  then  repeatedly  extracted  with  boiling  alcohol.  Coerulignone  is 
thus  obtained  crystallized  in  steel-blue  glistening  needles ;  it  dissolves  in  con- 
centrated sulphuric  acid,  forming  a  magnificent  corn-flower-blue  coloured 
solution,  the  coloration  being  so  intense  that  the  merest  trace  may  be  thus 
recognized.  By  the  action  of  reducing  agents  it  is  readily  converted  into 
hydrocoerulignone,  C^gH^gOg,  which  is  reconverted  into  the  parent  compound  by 
oxidizing  agents.  Hydrocoerulignone  forms  colourless  rhombic  crystals,  soluble 
in  alcohol  and  benzene,  melting  at  about  190°  (374°  F.)  ;  it  yields  metallic 
derivatives,  such  as  CjgHjgNa^Og,  and  corresponding  acetyl  and  benzoyl 
derivatives.  When  heated  with  a  concentrated  solution  of  hydrochloric  acid 
to  180° — 200°  (356° — 392°  F.),  it  yields  methylic  chloride  and  hexoxy- 
diphenyl  (15  51).  Hydrocoerulis:none  therefore  probably  has  the  formula 
CgH2(OH)(OCH3)2.CgH2(OH)(OCH3)^,  coerulignoue  being  the  corresponding 
quinone  (Liebermann,  Ann.  Chem.  Pharm.,  clxix.  221). 

The  parent  substance  from  which  coerulignone  is  derived  is  not  known  in 
the  pure  state,  but  according  to  Hofmann  {Deut.  chem.  Ges.  Ber.^  viii.  66)  it  is 
a  phenol-like  body  contained  in  the  portion  of  beech-tar  boiling  at  about  270° 
(518°  F.)  ;  this  portion  of  beech-tar  also  contains  an  oily  body  of  the  compo- 
sition CjjHjgOg,  which  may  be  isolated  in  a  pure  state  by  fractional  distillation 
and  crystallization  of  its  sodium  derivative.  It  boils  at  285°  (545°  F.), 
and  on  oxidation  yields  a  quinone  of  the  composition  CgHgO^,  crystallizing  in 
long  yellow  needles,  which  is  converted  into  the  quinol  CgH^^O^  by  reducing 
agents,  and  yields  a  dibromo-derivative  CgHgBrgO^,  which  forms  magnificent  red 
crystals  melting  at  175°  (347°  F.)  on  treatment  with  bromine. 

(1700)  Teteoxydtphenoquinone  :  C^.^HP2(0H)4' ^^  f'O^™^^  on  treatment 
of'  hexoxydiphenyl  with  iodine ;  it  crystallizes  in  microscopic  blue  needles 
resembling  coerulignone,  soluble  in  alkalies  with  a  magnificent  blue  colour  (Lieber- 
mann, ibid.,  ix.  1887). 

(1701)  Ethenedicymoquinone  :  C^gHggO^,  is  formed  on  oxidation  of  an 
alkaline  solution  of  ethenedioxycymyl,  'C\\-:zO[C^\{J^Q^n^){(^y\^{OYi)\,  by 
potassic  ferrocyanide ;  it  forms  dark  red  crystals,  and  is  reconverted  into  the 


1702.]  ANTHRAQUINONE.  801 

parent  compound  by  reduction  with  sulphurous  acid  (Jager,  Jour.  Chem.  Soc, 
1877,  i.  262). 

(1702)  Antheaquinone  :    Cj.HgO^  -  CgH  J  ^^  i  CgH^.— Anthracene  like 

naphthalene  is  converted  into  the  corresponding  quinone  on  oxidation,  which  is 
best  effected  on  the  small  scale  by  means  of  chromic  anhydride,  the  hydrocarbon 
being  dissolved  in  glacial  acetifc  acid,  and  a  solution  of  the  anhydride  in  acetic 
acid  added  as  long  as  reduction  takes  place ;  the  product  is  then  precipitated  by 
water,  and  purified  by  distillation  or  sublimation.  Anthraquinone  is  produced 
in  small  quantity  together  with  diphenyl  ketone  by  distillation  of  calcic  benzoate 
(Kekule  and  Franchimont,  Deut.  chem.  Ges.  Ber.,  v.  908),  and  is  also  formed 
by  heating  a  mixture  of  phthalic  chloride  and  benzene  with  zinc,  by  oxidation 
of  orthotolylphenyl  ketone  (p.  375)'  ^"*^  ^J  heating  orthobenzoylbenzoic  acid, 
C^Hg.CO.CgH^.COOH,  with  phosphoric  anhydride  or  sulphuric  acid  (Behr  and 
Dorp,  ihid.,  vii.  578,  805;.  Dibrom-  and  dichloranthracene  and  anthracenedihy- 
dride  also  furnish  anthraquinone  on  oxidation. 

Anthraquinone  may  be  crystallized  from  hot  benzene  or  nitric  acid  ;  it  melts 
at  527°  (527°  F.),  and  sublimes  in  yellow  needles  or  prisms;  its  boiling  point 
is  above  that  of  mercury,  but  below  that  of  sulphur,  its  vapour  density  deter- 
mined by  Deville  and  Troost's  method  in  sulphur  vapour  corresponding  to  the 
formula  C^Jlf)^  (Graebe).  It  is  an  extremely  stable  substance,  being  scarcely 
affected  by  oxidizing  agents ;  and  it  is  not  converted  into  the  corresponding 
quinol  on  treatment  with  sulphurous  acid  or  a  dilute  solution  of  hydriodic  acid, 
although  this  compound  (1527)  may  be  obtained  on  digesting  it  with  a  dilute 
solution  of  sodic  hydrate  and  zinc  dust,  in  which  the  quinone  gradually  dissolves, 
forming  a  red-coloured  liquid.  Anthraquinone  is  readily  reduced,  however,  by 
boiling  with  a  concentrated  solution  of  hydriodic  acid  and  phosphorus,  and  is 
finally  converted  into  anthracenedihydride,  Cj^H^^ ;  the  formation  of  this  body  is 
preceded  by  that  of  anthranol,  Cj^Hg(OH),  isomeric  with  the  anthrols  or  anthra- 
phenols  discovered  by  Linke  (1489).  Anthranol  crystallizes  from  alcohol  in 
yellow  needles,  melting  at  163° — 170°  (325°'4 — t,t,^°  F.),  soluble  in  alkalies; 
it  is  reconverted  into  anthraquinone  by  oxidation  (Liebermann  and  Topf,  Deut. 
chem.  Ges.  Ser./ix.  1201).  When  fused  with  potussic  hydrate,  anthraquinone 
yields  potassic  benzoate:  C^JIfl^+  2H0K=  2CgHj.C00K;  and  when  distilled 
over  soda-lime  it  furnishes  benzene.  By  heating  with  phosphoric  pentachloride 
and  some  phosphoric  oxychloride  at  190^ — 200°  (374° — 392°  F,),  the  oxygen 
in  anthraquinone  is  displaced  by  two  atoms  of  chlorine,  but  the  dichloranthracene 
thus  produced  is  further  chlorinated  (Graebe  and  Liebermann,  Ann.  Chem. 
Pharm.,  Sup.,  vn.  284';  clx.  125).  It  yields  sulpho-acids  when  heated  with 
sulphuric  acid  at  temperatures  above  200°  (392"  F.).  Anthraquinonedisulphonic 
acid  is  also  formed  by  the  action  of  oxidizing  agents  on  dichlor-  and  dibrom- 
anthracenedisulphonic  acids  (Perkin,  Journ.  Chem.  Soc.,  xxiv.  20). 

Haloid  and  Nitro-derivatives  of  anthraquinone. — Mono-  and  dibrom- 
anthraquinone  are  obtained  by  oxidation  of  tri-  and  tetrabromanthracene,  dichlor- 
anthraquinone  being  formed  in  a  similar  manner  from  tetrachloranthracene. 
Bromine  is  without  action  on  anthraquinone  at  ordinary  temperatures,  but  at 
100°  (212°  F.)  slowly  converts  it  into  dibromanthraquinone.  These  compounds, 
like  anthraquinone,  are  extremely  stable  bodies,  and  do  not  enter  into  reaction 
with  the  alkaline  sulphites,  &c.,  in  the  manner  so  characteristic  of  the  haloid 
dwivatives  of  benzoquinone  (Graebe  and  Liebermann,  loc.  cit.). 

Nitric  acid  alone  does  not  convert  anthraquinone  into  nitro-derivatives,  but 
on  heating  anthracene  with  dilute  nitric  acid  a  dinitroanthraquinone, 
C^^J^O^p^,  is  obtained  together  with  anthraquinone.  According  to 
Fritzsche,    it  crystallizes   in   microscopic  quadratic    plates,  and    possesses    the 
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property  of  combining  with  all  the  solid  hydrocarbons  in  coal-tar,  and  hence  it  is 
termed  Fritzsche's  reagent ;  the  compound  with  anthracene,  C^^HjQ.Cj^Hg(N02)202, 
forms  violet  coloured  laminsB  (Jahresb.,  1868,  395). 

Anthraquinone  readil}'  yields  a  dinitro-derivative,  however,  on  nitration  with 
a  mixture  of  concentrated  nitric  and  sulphuric  acids,  but  the  product  is  apparently 
isomeric  with  the  before-mentioned  body,  as  it  does  not  yield  the  violet  compound 
with  anthracene.  It  is  said  to  yield  alizarin  on  fusion  with  potassic  hydrate; 
coloured  substances  are  obtained  from  it  by  the  action  of  concentrated  sulphuric 
acid,  and  by  the  action  of  nitrous  acid  on  the  corresponding  diamidoanthra- 
quinone  (Bottger  and  Petersen ;  Liebermann,  Deut.  chem.  Ges.  JBer.,  iv. 
226,  230,  301). 

(1703)  MoNOXY-DEEiVATiVEs  OF  antheaqutnone. — Two  monoxyanthra- 
quinones  and  several  isomeric  di-  and  trioxyanthraquinones  have  been  prepared, 
one  of  thedioxy-  and  one  of  the  trioxy-derivatives  being  identical  respectively  with 
alizarin  and  purpurin,  the  colouring  matters  derived  from  madder  root  [Hubia 
tinctorium). 

,  0-2 Monoxy anthraquinone :  C^J^^{OH)0,^,\^  obtained  as  a  bye-product  of  the 
manufacture  of  alizarin  from  anthraquinone,  and  is  also  formed  on  reduction  of 
alizarin,  by  the  action  of  nitrous  acid  on  alizarinamid,  C^^Hg02(NH2)(OH),  and 
by  heating  a  mixture  of  phthalic  anhydride  and  phenol  with  sulphuric  acid.  It 
crystallizes  from  alcohol  in  yellow  plates  or  needles,  which  do  not  melt  at  285° 
(545°  F.),  but  sublimes  at  a  higher  temperature  in  yellow  plates.  It  yields  a 
considerable  quantity  of  phthalic  acid  on  oxidation  with  nitric  acid.  It  decom- 
poses baric  and  calcic  carbonates,  and  yields  a  red  crystalline  barium  derivative 
very  soluble  in  water,  but  does  not  dye  mordanted  cotton ;  its  monacetyl  deriva- 
tive crystallizes  from  alcohol  in  small  yellowish  interlaced  needles  (comp.  Lieber- 
mann, Ann.  Chem.  P harm.,  clxxxiii.  151). 

o— I  or  E rythroxy anthraquinone  :  C^J^^{OVl)0^. — This  isomeride  of  oxyan- 
thraquinone  is  formed  together  with  it  on  strongly  heating  a  mixture  of  phthalic 
anhydride  and  phenol  with  sulphuric  acid.  It  crystallizes  from  alcohol  in  orange- 
yellow  needles,  melting  at  173° — 180*^  (343° '4 — 356°  F.),  but  begins  to  sublime 
at  150°  (302°  F.)  in  long  red-yellow  needles.  With  baric  hydrate  it  forms  a  red 
precipitate,  almost  insoluble  in  water,  but  it  does  not  yield  a  coloured  lake  with 
alumina.  Its  solution  in  sulphuric  acid  is  reddish -yellow,  and  exhibits  a  dis- 
tinct narrow  absorption  band  in  the  green,  which  is  absent  from  the  spectrum  of 
the  solution  of  the  isomeride  (Baeyer  and  Caro,  Deut.  chem.  Ges.  Ber.,\\\.  968). 

(1704)    O-I  :  2DlOXYi.NTHEAQUINONE      or     ALIZAEIN  :       ^xfi6{^^)-Pr — 

According  to  Schunck's  researches,  this  substance  is  not  present  as  such  in 
madder  roots,  but  as  an  amorphous  glucoside*'  (ruhian)  ;  the  roots,  however, 
contain  a  peculiar  ferment  {erythrozym)  capable  of  decomposing  this  glucoside 
with  formation  of  alizarin,  although  no  action  takes  place  as  long  as  the  plant  is 
living.      Acids  and  alkalies  also  separate  alizarin  from  rubian ;  but  in  all  cases, 


*  A  crystalline  glucoside  termed  ruherythric  acid,  which  is  resolved  into 
alizarin  and  a  glucose  on  hydration  and  which  perhaps  is  the  form  in  which 
alizarin  is  present  in  madder  root,  was  first  isolated  by  Eochleder  in  1851 
(Ann.  Chem.  Pharm.,  Ixxx.  321);  and  the  same  substance  apparently  was 
afterwards  described  under  the  name  of  ruhianic  acid  by  Schunck,  who,  how- 
ever, regarded  it  as  an  oxidation  product  of  rubian — a  conclusion  which  is  by  no 
means  established.  According  to  Rochleder's  latest  statement  {Deut.  chem. 
Ges.  Per.,  iii.  295),  ruberythric  flcid  has  the  formula  Q,.^Jd^^,  its  decompo- 
sition into  alizarin  and  a  glucose  being  represented  by  the  equation :  ^^J^J^y^^  = 
Cj^HgO^  +  CgHjjjOg  4-  OHj,  which,  however,  appears  somewhat  doubtful ;  Graebe 
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along  with  the  alizarin,  other  bodies  are  obtained,  of  which  even  the  composition 
has  not  yet  been  satisi'actorily  at-certained ;  this  indeed  is  true  of  many  of  the 
madder  educts.  Although  the  true  formula  of  alizarin  and  the  possibility  of  its 
being  an  anthracene  derivative  was  first  recognised  by  Strecker  (Zeits.  Chem,  [2], 
iv.  263),  its  relation  to  this  hydrocarbon  was  first  established  by  Graebe  and 
Liebermann's  researches  {Ann.  Chem.  JPharm.,  Sup.,  vii.  291).  By  distilling  it 
with  zinc  dust  these  chemists  succeeded  in  obtaining  anthracene,  and  from  its 
resemblance  to  chloranilic  acid  they  were  then  led  to  regard  it  as  a  dihydroxyl 
derivative  of  anthraquinone — a  view  which  was  completely  confirmed  by  the 
success  of  their  attempt  to  prepare  it  by  heating  dibromanthraquinone  with 
potassic  hydrate.  This  process  wS,s  soon  utilized  for  the  manufacture  of  alizarin 
on  the  large  scale,  but  pot  long  afterwards  the  more  economical  and  manageable 
method  now  employed  was  introduced,  which  consists  in  fusing  with  an  alkali 
a  salt  of  the  sulpho-acid  produced  by  treatment  of  anthraquinone  with  Nord- 
hausen  sulphuric  acid.* 

According  to  Wartha,  a  small  quantity  of  alizarin  is  formed  on  carefully 
fusing  anthraquinone  with  potassic  hydrate  ;  it  is  also  produced  on  heating 
a  mixture  of  catechol  (pyrocatechin)  and  phthalic  anhydride  with  concentrated 
sulphuric  acid,  and  from  both  the  isomeric  monoxyanthraquinones  by  fusion 
with  potassic  hydrate  (Baeyer  and  Caro,  Deut.  chem.  Ges.  Ber.,  vii.  968). 

Anthraqiiinone  yields  a  mixture  of  mono-  and  disulpho-acids  on  treatment 
with  sulphuric  acid,  at  least  two  modifications  of  the  latter  being  formed  (Caro, 
ibid.,  ix.  68t);  hence  "crude  alizarin"  is  a  mixture  of  several  substances.  It 
was  at  first  supposed  that  alizarin  was  formed  from  a  corresponding  disulpho- 
acid,  but  it  is  now  known  that  it  is  derived  from  a  monosulpho-acid,  the  first 
product  of  the  action  of  potassic  hydrate  on  this  acid  being  monoxyanthraquinone, 
which  is  subsequently  converted  into  alizarin,  merely  by  the  action  of  the 
potassic  hydrate  (comp.  Perkin,  Jour.  Chem.  Soc,  1876,  i.  851).  Each  of  the 
disulpho-acids  yields  in  a  similar  manner  a  corresponding  dioxy-derivative,  iso- 
meric with  alizarin,  each  of  which  may  in  turn  be  converted  into  a  trioxy- 
derivative  by  further  fusion  with  alkali  (Caro ;  Schunck  and  Eoemer,  loc.  cit.). 

Alizarin  is  almost  insoluble  in  water,  but  dissolves  in  alco-hol,  ether,  ben- 
zene, carbonic  bisulphide,  concentrated  sulphuric  acid,  &lc.  ;  it  separates  ficjiu 
its  solution  in  more  or  less  deeply-coloured  jellow  flocculi,  but  sublimed  alizarin 
forms  beautiful  orange-red  needles,  melting  at  about  275°  (527°  F.).  It  furnishes 
a  series  of  metallic  derivatives,  two  atoms  of  hydrogen  becoming  displaced  by  the 
equivalent  amount  of  metal ;  the  alkali-metal  derivatives  are  soluble,  but  those  of 
other  metals  insoluble  in  water.  Its  solution  in  alkalies  is  of  a  beautiful  violet 
colour ;  with  alumina  it  forms  a  red  precipitate  or  lake ;  with  iron  salts  a  purple 
precipitate.  On  reduction  with  potassic  hydrate  and  zinc,  it  yields  tetroxy- 
anthracene,  Cj^Hg(OH)^,  which  is  very  readily  reconverted  into  alizarin  by  mere 
exposure  of  the  alkaline  solution  to  the  air ;  when  oxidized  by  nitrio  acid,  it 


It  and  Liebermann  have  suggested  that  it  has  the  formula  ^20^1%^^*  ^^^  ^^^^  ^^^ 
decomposition  by  hydration  is  represented  by  the  equation  :  Cg^^H  0^^+  20H2  = 
C^^HgO^  -f-  2CgHj2^Q  5  ^^^  ^^^^  formula  is  scarcely  reconcileable  with  the  acid 
characters  of  the  compound,  and  the  fact,  that  it  yields  coloured  precipitates  with 

{  many  metallic  salts. 

*  The  history  of  the  discovery  of  the  constitution  of  alizarin,  and  of  its 
artificial  production,  has  been  well  described  by  Kussell  [British  Association 
Reports,  1873).  An  interesting  account  of  the  mode  of  dyeing  madder  colours 
will  be  found  in  Calvert's  work  on  Dyeing  and  Calico  Printing,  edited  by  Steu- 
house  and  Groves  (1876.    Manchester:  Palmer  and  Howe). 
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yields  a  consideralile  quantity  of  phtlialic  acid.  By  the  action  of  acetic  anhydride 
it  is  converted  into  diacetylalizarin,  C^^Hg(C.,H802)202,  which  forms  yellow  flat 
needles  or  plates,  melting  at  160°  (320°  F.)  ;  on  nitration  this  suhstance  yields 
a  nitroalizann,  C^fi^{^0^){OJl),^0,,,  dyeing  alumina  mordants  a  bright  orange 
colour,  and  converted  by  reduction  into  ainidoalizarin,  which  crystallizes  in  small 
black  needles  dissolving  in  alcohol  to  form  a  beautiful  crimson  solution  (Perkin, 
Jour.  Chem.  Soc,  1876,  ii.  578).  By  heating  it  with  bromine  at  180° — 190" 
{356° — 374°  F.),  alizarin  is  converted  into  hromalizaHn,  Cj^HjBr(OH).pj, 
which  yields  phthalic  acid  on  oxidation  (Perkin,  ibid.,  xxvii.  401). 

(1705)  IsoMEEiDEs  OP  ALIZARIN.  Qr-1 '. /^J}ioxyanthraqmnone  or 
quinizarin  :  Cj^Hg(01i).,02.— This  isomeride  of  alizarin  is  formed  on  heating  a 
mixture  of  phthalic  anhydride  and  quinol  (hydroquinone)  or  parachlorophenol 
with  sulphuric  acid  (Grimm,  Deut.  chem.  Ges.  Ber.,  vi.  508  ;  Baeyer  and 
Caro,  ibid.,  vii.  968;  viii.  152;  Liebermann  and  Giesel,  ibid.,  x.  606);  and 
by  the  action  of  heat  on  purpurin  (Schunck  and  Eoemer,  Jour.  Chem.  Soc, 
1877,  i.  674).  It  closely  resembles  alizarin,  crystallizing  in  bright  red 
needles  which  melt  at  about  194°  (38l°'2  F.),  and  yields  similar  colours  with 
mordants ;  but  its  solution  in  ether  or  sulphuric  acid  exhibits  a  greenish-yellow 
fluorescence  and  a  well-detined  absorption  spectrum,  which  is  not  the  case  with 
alizarin.  Both  alizarin  and  quinizarin  are  converted  into  purpurin  by  oxidation 
with  manganic  dioxide  and  sulphuric  acid  (De  Lalaude ;  Baeyer  and  Caro).  Its 
diacetyl  derivative  melts  at  200°  (392°  F.). 

o— I  ;  ^Dioxyanthraquinone  or  purpuroxanthin :  C^JJg{OJl)S^^,  is  pre- 
sent in  small  quantity  in  madder,  and  may  be  obtained  by  heating  purpuro- 
xanthic  acid,  Cj^Hj(0H),02.C00H,  and  from  purpurin  (trioxyanthraquinone) 
by  boiling  it  with  an  alkaline  solution  of  stannous  hydrate,  or  by  converting  it 
into  amidodioxyanthraquinone  by  means  of  ammonia  and  displacing  the  NH^ 
group  in  the  latter  compound  by  hydrogen  by  the  action  of  nitrous  acid  (comp. 
Liebermann,  ^w».  Chem.  P harm.,  clxxxiii.  211  ;  Schunck  and  Eoemer,  /oc. 
cit.).  It  sublimes  very  readily  in  yellowish-red  needles,  melting  at  263° 
(505°'4  F.),  easily  soluble  in  alcohol;  it  dissolves  in  baryta- water,  forming  a 
yellowish-red  solution,  and  does  not  yield  colours  with  mordants.  By  boiling 
with  potassic  hydrate  solution,  it  is  reconverted  into  purpurin;  on  oxidation  with 
nitric  acid  it  yields  a  considerable  quantity  of  phthalic  acid.  Its  diacetyl 
derivative  forms  pale  yellow  needles,  melting  at  about  184°  (363°  2  F.).  It 
yields  crystalline  dibromo-  and  dinitro-derivatives  (Plath,  Deut.  chem.  Ges.  £er., 
Ix.  1204). 

{?)  2—3  or  2'-2  Dioxyanthraquinone ;  Anthrajlavic  acid:  Cj^Hg(OH)„Oj. 
— This  isomeride  of  alizarin  is  a  constituent  of  the  crude,  artificially  prepared 
alizarin  (Schunck;  Perkin,  e/bwr.  Chem,  jSoc,  xxiv.  11 09;  xxvi.  19;  Schunck 
and  Roemer,  Deut.  chem.  Ges.  Ber.,  ix.  379,  678) ;  fro.n  which  it  may  be 
extracted  by  boiling  with  baryta-water,  being  the  product  of  the  action  of 
alkali  on  one  of  the  disulpho-acids  formed  on  heating  anthraquinone  with 
sulphuric  acid  (Caro) ;  it  is  also  the  chief  constituent  of  the  so-called  anthra- 
flavone  obtained  by  Barth  and  Senhofer  {Ann.  Chem.  Pharm.,  clxx.  100)  by 
heating  metaoxybenzoic  acid  with  somewhat  dilute  sulphuric  acid  at  180° — 200° 
(356° — 392°  F.)  (Schunck  and  Roemer,  ibid.,  x.  1225).  It  crystallizes  from 
alcohol  in  yellow  silky  needles,  almost  insoluble  in  benzene  and  cold  baryta-water, 
melting  above  330°  (626°  F.)  ;  its  solution  in  alkalies  has  a  yellowish-red 
colour,  but  it  does  not  colour  mordants.  It  is  converted  into  flavopurpurin  by 
fusion  with  potassic  hydrate.  Its  diacetyl  derivative  forms  in  pale  yellow 
crystals  melting  at  about  228°  (442''*4  F.).  By  the  addition  of  an  excess  of 
bromioe  to  its  alcoholic  solution,  anthraflavic  acid  is  converted  into  a  tetrabromo- 
derivative,  insoluble  in  all  the  ordinary  menstrua. 
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Isoanthraflavic  aeid :  C^^Hg(0H)20^. — This  dioxyanthraquinone  also  accom> 
panics  alizarin  and  anthraflavic  acid  in  crude  alizarin  (Schunck  and  Roemer, 
loc,  cit.),  and  is  derived,  like  the  latter,  from  an  anthraquinonedisulphonic  acid 
(Caro) ;  being  easily  soluble  in  cold  baryta-water,  it  is  without  difficulty 
8eparated  from  its  isomerides.  Isoanthraflavic  acid  crystallizes  from  aqueous 
alcohol  in  long  yellow  needles,  which  after  drying  over  sulphuric  acid  retain  a 
molecule  of  water;  the  anhydrous  substance,  like  anthraflavic  acid,  does  not 
melt  at  330°  {626°  F.)  but  sublimes  at  a  higher  temperature.  Its  solutions  in 
alkalies  and  in  hot  sulphuric  acid  are  of  a  deep  red  colour,  whereas  the  latter 
forms  a  yellow  solution  with  anthraflavic  acid;  it  is  destitute  of  dyeing  properties. 
By  the  action  of  potassic  hydrate,  it  is  converted  into  anthrapurpurin ;  with 
bromine  it  yields  a  tetrabromo-derivative  moderately  soluble  in  acetic  acid ;  it 
does  not  furnish  phthalic  acid  on  oxidation  with  nitric  acid.  Its  diacetyl- 
derivative  forms  pale  yellow  indistinct  crystals  which  melt  at  about  195* 
(Z^Z°  F.)  (comp.  Perkin,  Jour.  Chem.  Soc,  1876,  i.  851). 

Chrysazin  :  C^JlJ,0]l),p^. — To  prepare  this  isomeride  of  alizarin,  so-called 
chrysammic  acid,  Cj^H2(N0j)^(0H)^0j,  obtained  by  the  action  of  concentrated 
nitric  acid  on  Barbadoes  aloes,  is  converted  into  the  corresponding  araido-compound 
— the  hydrochrysammid  of  Schunck — by  reduction  with  a  solution  of  sodic 
thiohydrate,  and  the  diazo-compound  resulting  from  the  action  of  nitrous  acid 
on  the  product  decomposed  by  heating  with  alcohol.  It  crystallizes  from  acetic 
acid  in  red-brown  glistening  needles,  melting  at  191°  (375°*8  F.) ;  it  dissolves 
in  alkalies,  forming  a  yellowish-red  solution,  which  is  not  fluorescent,  and  which, 
on  the  addition  of  calcic  and  baric  salts,  yields  red  precipitates  of  the  calcic  and 
baric  derivatives  of  chrysazin.  It  is  destitute  of  dyeing  properties.  When 
distilled  over  zinc  dust  it  yields  anthracene.  It  is  not  converted  into  phthalic 
acid  by  oxidation  with  nitric  acid.  Diacetylchrysazin  forms  yellow  crystals  similar 
to  those  of  benzoic  acid,  melting  at  226° — 230°  (438°-8 — 446°  F.).  By 
heating  chrysazin  with  an  excess  of  fuming  nitric  acid  in  the  water  bath,  it  is 
converted  into  a  tetranitrodioxyanthraquinone,  which  is  in  all  respects  identical 
with  chrysammic  acid  from  aloes  (Liebermann,  loc.  cit.,  p.  174). 

Other  isomerides  of  alizarin. — According  to  Schunck  and  Hoemer,  so-called 
anthraflavone  contains,  besides  anthraflavic  acid,  a  second  isomeride  of  alizarin, 
distinguished  by  its  solubility  in  benzene.  It  crystallizes  in  anhydrous  needles, 
melting  at  292*^  (557°'6  F.),  and  dissolves  in  alkalies  forming  a  pure  yellow- 
coloured  solution. 

Frangulic  acid  from  frangulin  (p.  694),  according  to  Faust,  is  also  an 
isomeride  of  alizarin  ;  but  it  has  been  very  insufficiently  examined,  and  it  is  not 
improbable  that  it  is  a  methylanthracene  derivative  (comp.  Liebermann  and  Wald- 
stein,  Deut.  chem.  Ges.  Ber.,  ix.  1775). 

Lastly,  madder  is  said  to  contain  an  extremely  small  amount  of  an  isomeride 
j  of  alizarin,  distinguished  by  dissolving  in  a  solution  of  potassic  or  sodic  hydrate 
I  with  a  blood-red  colour,  and  by  not  yielding  colours  with  dumina  or  iron  mordants 
(Rochleder,  ibid.t  iii.  292). 

j  (1706)    TfilOXY-DEBIVATIVES      OF      ANTHBAQUINONE ;      O- 1  :  2  :  ^THoxy- 

I  anthraquinone  or  Purpurin :  Cj4H.(OH)jOj. —  Purpurin  occurs*  together  with 
alizarin  in  madder  extract,  being  present,  like  the  latter,  in  the  fresh  root  as  a 
glucoside ;  to  separate  it  approximately  from  alizarin  on  the  large  scale,  advan- 
tage is  taken  of  the  discovery  of  E.  Kopp  that  the  glucoside  of  purpurin  is 
decomposed  by  warming  with  a  solution  of  sulphurous  acid  to  50° — 60°  (122* 
— 140°  F,),  whereas  the  glucoside  of  alizarin  is  only  decomposed  on  heating  to 
about  100°  (212°  F.).  It  may  be  further  purified  by  dissolving  it  in  boiling 
alum  liquor,  in  which  it  is  far  more  soluble  than  alizarin,  adding  acid  to  the 
filtered  solution,  and  if  necessary  repeating  the  solution  in  alum  liquor,  &c. 
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after  which  it  is  several  times  re-crystallized  from  alcohol ;  or  still  better  by 
extracting  'munjeet,'  the  root  of  Eubia  munjista,  with  a  boiling  solution  of  alu- 
minic  sulphate,  precipitating  with  hydrochloric  acid  and  crystallizing  the  product 
from  spirit.  As  munjeet  does  not  contain  alizarin,  the  purpurin  is  easily  obtained 
in  a  pure  state.  The^  crude  purpurin  prepared  by  Kopp's  method  contains  a 
considerable  quantity  of  so-called  pseudopurpurin,  which  Kosenstiehl,  Phth  and 
Liebermann  (comp.  ibid.,x.  16 18)  have  shown  to  be  a  purpurincarboxylic  acid, 
C^^H^(0H)g02.C00H.  This  substance  is  readily  decomposed  into  purpurin  and 
carbonic  aniiydride  by  heat  or  by  boiling  with  potassic  hydrate  solution.  Purpurin 
may  be  formed  artificially  from  both  alizarin  and  quinizarin  by  oxidation  with 
manganic  peroxide  and  sulphuric  acid  (De  Lalande ;  Baeyer  and  Caro). 

Purpurin  crystallizes  from  aqueous  alcohol  in  deep  orange-coloured,  thin, 
flattened  prisms  of  the  composition  C^^HgOg  +  OH^;  from  strong  alcohol  it  is 
deposited  in  dark-red  anhydrous  needles,  melting  at  253°  (487°-4  P.),  but  it 
begins  to  sublime  at  150°  (302°  P.).  It  dissolves  in  alkalies,  producing  deep 
red-coloured  solutions;  and  on  treatment  with  boiling  baryta-water  forms  a 
purple  lake  quite  insoluble  in  water ;  it  dyes  a  red  free  from  all  blue  tint  with 
alumina  mordants,  and  purples  and  blacks  with  ferric  salts.  Purpurin  and 
alizarin  are  readily  distinguished  by  means  of  the  characteristic  absorption 
spectra  of  their  solutions  in  various  menstrua ;  purpurin  is  also  characterized  by 
giving  a  pink  fluorescent  solution  when  dissolved  in  alum  liquor.  Its  deriva- 
tives are  obtained  with  less  facility  than  those  of  alizarin,  and  it  is  a  less  stable 
body  than  alizarin ;  thus  a  solution  of  purpurin  in  alkali  loses  its  colour  on 
exposure  to  the  air,  becoming  pale  yellow  in  consequence  of  the  oxidation  of  the 
purpurin.  This  behaviour  renders  it  possible  to  detect  traces  of  alizarin  in 
presence  of  considerable  quantities  of  purpurin,  for  if  the  latter  be  destroyed  in 
this  manner,  the  alizarin  may  then  be  easily  recognized,  as  the  products  of 
oxidation  of  the  purpurin  do  not  aflect  its  absorption  spectrum.  Purpurin,  like 
alizarin,  yields  anthracence  when  distilled  over  heated  zinc  dust ;  when  dissolved 
in  alkali  and  heated  with  zinc,  it  is  converted  into  peutoxyanthracene ;  and  on 
oxidation  with  nitric  acid,  it  yields  phthalic  acid.  When  heated  with  acetic 
anhydride  at  180°  (356°  P.),  it  yields  triacetylpurpurin,  which  crystallizes  in 
yellow  needles,  melting  at  about  199°  (390°'2  P.);  on  treatment  with  bromine 
it  yields  monobromopurpurin,  which  crystallizes  in  dark-red  lustrous  needles, 
melting  at  276°  (528°-8  P.)  (comp.  Schunck  and  Roemer,  Jour.  Ckem.  Soc,. 
1877,  i.  670). 

Isopurpurin :  €^^115(011)302. — This  isomeride  of  purpurin  is  produced 
in  almost  theoretical  quantity  on  carefully  heating  isoanthraflavic  acid  with 
potassic  hydrate.  It  crystallizes  from  acetic  acid  in  minute  orange-coloured 
anhydrous  needles,  melting  above  330°  (626°  P.) ;  its  triacetyl-derivative  crystal- 
lizes from  acetic  acid  in  pale  yellow  glistening  scales,  melting  at  about  221° 
(429°'8  P.).  It  yields  a  dibromo-derivative  on  treatment  with  bromine.  Antlira- 
purpurin  has  about  the  same  affinity  for  mordants  as  alizarin,  and  it  yields 
analogous  colours,  but  purer  shades ;  the  bands  in  its  absorption  spectrum  are 
also  in  the  same  position  as  those  of  alizarin  (Perkin,  Jour.  Ckem.  Soc,  xxvi. 
425;  Schunck  and  Roemer,  JDeut.  cliem.  Ges.  Ber.,  ix.  678;  x.  182 1).  Its 
dyeing  properties  are  similar  to  those  of  purpurin.  On  treatment  with  bromine  , 
it  yields  a  dibromo-derivative. 

Flavopurpurin :  C^^^(011)f)^,  isomeric  with  purpurin  and  isopurpurin, 
is  formed  by  heating  antbraflavic  acid  under  pressure  with  a  concentrated  solution 
of  potassic  hydrate.  It  crystallizes  from  alcohol  in  golden-yellow  anhydrous 
needles,  melting  above  330°  (626°),  but  sublimes  in  long  needles  like  alizarin. 
It  dissolves  in  a  solution  of  potassic  hydrate  forming  a  purple-coloured  liquid, 
less  red  than  that  of  purpurin  but  redder  than  that  of  isopurpurin,  and  which 
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exhibits  an  extremely  characteristic  absorption  spectrum.  It  forms  a  diacetyl- 
derivative,  which  crystallizes  in  golden-yellow  plates,  melting  at  238"  (46o°'4  F.) ; 
or  a  triacetyl-derivative  much  more  soluble  in  acetic  acid,  which  crystallizes  in 
sulphur-yellow  needles,  melting  at  196°  (384°'8  ¥.).  Bromine  converts  it  into 
a  tribromo-derivative  (Schunck  and  Roemer,  loo,  cit. ;  ibid.,  x.  1821). 

Oxychrysazin  :  C^JlJS^ll)fi^,  is  formed  on  fusion  of  chrysazin  with  potassic 
hydrate.  It  is  somewhat  difficultly  soluble  in  alcohol ;  it  dissolves  in  alkaline 
solutions  with  a  violet  colour,  and  yields  colours  with  mordants  intermediate  in 
tint  between  those  furnished  by  alizarin  and  purpurin.  Its  solution  in  alum 
liquor  is  not  fluorescent  like  that  of  purpurin.  Its  triacetyl-derivative  melts  at 
about  193°  (379°"4  F.)  (Liebermann,  Ann.  Chem.  Pharm.,  clxxxiii.  191). 

(?)  o— I:  2  :3  Trioxyanthraquinone  or  anthragallol :  C^^Hg(OH)302,  formed 
by  heating  a  mixture  of  benzoic  and  gallic  a^ids,  or  of  pyrogallol  and  phthalic 
anhydride,  with  sulphuric  acid,  sublimes  in  orange  needles;  it  yields  phthalic 
acid  on  oxidation.  Its  triacetyl-derivative  forms  pale  yellow  needles,  melting  at 
171°— 175°  (339°-8— 347°  F.)  (Seuberlach,  ihid.,  ix.  38). 

(1707)  TeTEOXT-  AND     HEXOXY-DEEIVATIVES    OF     ANTHEAQUINONE  ;    Te- 

troxyanthraquinone  ;  anthrachrysone  :  C^^H^(0II)^02. — This  compound  is  formed 
on  heating  dioxybenzoic  acid  from  disulphobenzoic  acid  with  concentrated  sulphuric 
acid  at  120° — 140°  (248° — 284°  F.).  It  forms  yellow  microscopic  prisms, 
which  do  not  melt  even  at  320°  (608°  F.)  ;  it  dissolves  in  alkaline  solutions  and 
in  sulphuric  acid,  forming  red-coloured  liquids,  and  it  also  dyes  alumina  mordants 
red.  When  passed  over  heated  zinc  dust  it  yields  anthracene  (Barth  and  Senhofer, 
ibid.,  clxiv.  109). 

By  heating  opianic  acid,  CgH2(OCH3)2(COH).COOH,  with  sulphuric  acid, 
Liebermann  and  Chojnacki  have  obtained  a  red  colouring  ma,iter,  mjiopin,  C^^HgOg, 
which  apparently  is  also  a  tetroxyanthraquinone  as  it  yields  anthracene  when 
passed  over  heated  zinc  dust.  It  crystallizes  from  alcohol  in  indistinct  yellowish- 
red  needles,  and  dissolves  in  alkaline  solutions  with  a  violet  colour  {ibid,  clxii.  321). 

Sexoxyanthraquinone ;  rujigallic  acid  :  Q^J^,^{pH)^0^. — This  compound 
is  formed  on  heating  gallic  acid  with  concentrated  sulphuric  acid,  the  conversion 
being  complete  at  the  temperature  of  the  water  bath ;  its  formation  in  this 
manner  is  precisely  analogous  to  that  of  anthrachrysone  and  anthraflavone  from  di- 
and  monoxybenzoic  acid  respectively.  It  sublimes  in  yellowish-red  transparent 
needles  ;  it  dissolves  in  sulphuric  acid,  forming  a  red  solution  ;  when  moistened 
with  a  concentrated  solution  of  potassic  hydrate,  it  is  coloured  a  magnificent 
indigo-blue,  but  with  a  more  dilute  solution  it  forms  a  violet- colon  red  liquid,  from 
which,  however,  it  is  gradually  deposited  on  standing.  With  alumina  and  iron 
mordants  it  yields  colours  similar  to  those  of  alizarin,  but  dull.  When  reduced 
by  sodium  amalgam,  it  yields  a  small  quantity  of  alizarin ;  and  by  distillation 
over  heated  zinc  dust  it  is  converted  into  anthracene  (comp.  Jaffe,  Dent.  chem. 
Ges.  Ber.,  'in.  694;  Klobukowski,  ibid.,iyi.  1056). 

(1708)  Methylantheaquinone  :  C^^H^^jO.^  =  CHg.Cj^HyOg.— This  homo- 
logue  of  anthraquinone  is  obtained  by  oxidation  of  methyl  anthracene  (1394), 
and  on  further  oxidation  becomes  converted  into  anthraquinonecarboxylic  acid, 
Cj^HyOg.COOH.  It  sublimes  very  readily  in  yellow  needles,  melting  at  163^ 
(325°*4  F.),  easily  soluble  in  boiling  alcohol  (Fischer,  ibid.,  viii.  675). 

On  converting  methylanthraqainone  into  sulpho-acid,  and  fusing  the  potassic 
salt  of  the  latter  with  potassic  hydrate,  it  appears  to  yield  methylalizarin ;  this 
substance  forms  red  crystals  melting  at  about  251°  (483°*8  F.),  and  very  closely 
resembles  alizarin  (Fischer). 

Chrysophanic  acid  and  emodin,  two  substances  extracted  from  rhubarb,  have 
ecently  been  shown  by  Liebermann  and  Fischer  to  be  respectively  the  di-  and 
rioxy-derivatives  of  methylanthraqainone  {Ann.  Chem.  PAar/w.,  clxxxiii.  15^)  J 
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chrysophanic  acid  has  also  been  detected  in  the  roots  of  several  other  species  of 
Rheum,  in  several  species  of  Eiimex,  and  in  yellow  wall  lichen  {Parmelia  jparie- 
tina),  and  emodin  in  the  bark  of  Bhamnus  frangula  (Liebermann  and  Waldstein, 
Deut.  chem.  Ges.  Ber.,  ix.  1775).  Emodin  and  chrysophanic  acid  are  dis- 
tinguished by  their  behaviour  with  a  solution  of  sodic  carbonate,  the  former 
dissolving  with  a  blood-red  colour,  the  latter  being  insoluble.  Chrysophanic 
acid,  CH3.C^^Hg(OH)202,  crystallizes  in  golden-yellow  needles,  melting  at 
162°  (323°'6  ¥.);  it  dissolves  in  solutions  of  alkalies  with  a  cherry-red  colour, 
and  it  yields  red  precipitates  with  lime  and  baryta-water,  which,  however,  are 
decomposed  by  mere  exposure  to  the  air.  Its  diacetyl-derivative  forms  narrow 
glistening,  pale  yellow  plates  melting  at  about  203°  (397°'4  F.).  By  dissolving 
it  in  fuming  nitric  acid  it  is  converted  into  a  tetranitro-derivative  resembling 
that  obtained  from  chrysazin.  Emodin,  GH^.Q^^J^OY{)f>.^,  crystallizes  from 
acetic  acid  in  silky  orange-red  needles,  melting  at  245*" — 250°  (473° — 482°  F.)  ; 
its  triacetyl-derivative,  prepared  by  heating  it  with  acetic  anhydride  at  180° 
(356°  F.),  melts  at  190°  (374°  F.). 

By  oxidizing  barbaloin  and  socaloin*  with  chromic  acid  mixture,  Tilden  has 
obtained  a  tetroxymethylanthrrquinone,  (yB.^.C^^J^OH)f)^,  which  he  terms 
aloxanthin,  as  an  orange  granular  powder ;  it  dissolves  in  sodic  hydrate  solution, 
forming  a  cherry-red  coloured  liquid,  but  has  no  affinity  for  mordants  {Jour. 
Chem.  Soc,  1877,  ii.  264). 

(1709)  DiMETHYLANTHEAQUiNONE :  (CH3)^C^^Hg02,  formed  by  oxidation 
of   dimethylanthracene,  crystallizes    in    pale  yellow  needles,  melting    at    155° 


*  The  crystalline  substances  extracted  from  the  various  sorts  of  aloes  differ 
somewhat  in  properties,  but  Tilden  is  inclined  to  regard  them  all  as  compounds 
of  the  formula  C^gH^gOy.  Three  varieties  are  usually  distinguished :  Barbaloin, 
from  Barbadoes  aloes  ;  Zanalo'in,  from  Zanzibar  aloes,  which  is  probably  identical 
with  Socaloin,  from  Socatriue  aloes,  as  so-called  Zanzibar  aloes  is  merely  a  highly 
crystalline  variety  of  the  drug  imported  from  Socotra  by  way  of  Zanzibar ;  and 
Natalo'in  from  Natal  aloes.  Their  principal  characters  are  summarized  in  the 
following  table  (Tilden,  Trans.  B.  Pharm.  Conf.,  1875,  540  ;  and  private 
communication) . 


Composition. 
CieHigO,  requires 
C.  5962  per  cent. 
H.  S-59 


Melting  point  of 

anhydrous  substance 

Crystalline  form 

When  moistened 

with  a  drop  of  cold 

HN03(S.G.  I  42) 

When  boiled  with 
nitric  acid 

Bichromate  solution 
and  sulphuric  acid 


On  fusion  with  KOH 


BARBALOIN. 

Anhydrous  after  drying  in 
vacuo. 

C,  59-31  H.  5*88  (Stenhouse 

average) 
C.  59'23  H.  5-61  (Schmidt 

average) 
Air  dried  crystals  contain 
HjO  or  ^H./).     (Assum- 
ing fortiiula  CigH  18^)7) 
About  150°  (Steuiiouse) 
i46°-i48'  (Schmidt) 
Minute  orange-yellow 
prisms 
Intense  crimson  coloura- 
tion, fading  quickly 


Yields  CO3,  trinitrophenol, 

oxalic,  aloetic,  and  tinally 

chrysammic  acid 

Aloxanthin,  besides  COg 

and  a  little  acetic  acid 


SOCALOINor  ZANALOIN 

Anhydrous  after  drying  in 

vacuo. 

C.  59-49  H.  5-80  (Tilden 

average) 
C.  59-2  H.  5-9  (i'liickiger) 

Air  dried  crystals  contain 
3H2O 

ii8°-i2o°(Von  Som- 

maruga) 
Minute  orange-yellow 

prisms 

Very  sUght  change  of 

colour 


CO2  &c.,  same  as  barbaloin 
Same  as  barbaloin 


Acetic  acid,  paraoxybenzoic 
acid,  a-orcin  (Rochleder). 
Intermediate  production 
of  alorcinie  acid, 
C6H2(CH3)2(OH).COUH 
(Weselsky)  ?  from  Soco- 
trine  aloes 


NATALOIN. 

Driedat  i2o°C.— 130°. 

C.  59-56  H.  5-96  (Tilden 

average) 

C.  59-36  H.  6- 10  (Fluckiger 

average) 

Crystals  anhydrous 


1 80°- 1 90°,  Fliickiger 

Greenish-yellow  rect- 
angular scales 

Blood-red  colour,  which 
does  not  fade;  liquid 
dries  up  in  the  air  to  a 
red  varnish 

CO2,  much  oxalic  acid,  and 
a  very  little  trinitrophe- 
nol.  No  chrysammic  acid 

C(>2  »"tl  much  acetic  acid, 
with  traces  of  an  odour- 
ous  body  not  identified 
(qy.  quinone) 

Acetic  acid,  paraoxybenzoic 
acid,  and  a  body  which 
gave  the  qualitative  reac- 
tions of  j3-orcin.  It  may, 
however,  have  been  VVe- 
selsky's  acid. 
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(311°  F.);  on  oxidation  it  yields  methylanthraquinonecarboxylic  acid, 
CHg.Cj^HgO^COOH,  and  anthraquinonedicarboxylic  acid,  Cj^HgOglCOOH)^ 
(Wachendorif  and  Zineke,  ibid.,  x.  1481). 

By  heating  carmine  red  from  cochineal  with  sulphuric  acid,  Liebermann  and 
Dorp  {Ann,  Chem.  Fharm.,  clxiii.  105)  have  obtained  a  red  colouring  matter, 
ruflcocein,  C^gHj^Og,  which  apparently  is  an  oxyquinone-derivative  related  to 
diraethylanthracene. 

(17 10)  Constitution  of  Antheaquinone  and  its  Oxy-deeivatives. 
— The  formation  of  anthraquinone  from  phthalic  chloride  and  benzene, 
and    of   oxyanthraquinones    from    phthalic    anhydride    and    oxy-derivatives    of 

benzene,  leaves  no  doubt  as  to  the  correctness  of  the  formula  CgH^  \  ^^  >  CgH^ 

for  anthraquinone  (comp,  1389).  The  production  of  alizarin  and  quinizarin 
from  catechol  and  quinol  respectively  suffices  not  only  to  indicate  that  the  OH 
groups  in  these  compounds  are  both  present  in  the  same  Cg  group — which  is 
confirmed  by  their  yielding  phthalic  acid  on  oxidation — but  also  affords  evidence 
of  the  relative  positions  of  these  groups  {yid.  p.  376)  ;  and  since  purpurin  is 
formed  on  oxidation  of  both  alizarin  and  quinizarin,  it  must  also  be  supposed 
that  the  OH  groups  in  this  modification  of  trioxyanthraquinone  are  all  in  the 
same  Cg  group,  a  conclusion  which  necessarily  extends  to  purpuroxanthin,  the 
dioxyanthraquinone  formed  by  reduction  of  purpurin,  and  which  is  in  harmony 
with  the  observation  that  purpurin  and  purpuroxanthin  both  furnish  phthalic 
acid  on  oxidation.  Inasmuch,  however,  as  only  three  dioxyanthraquinones  are 
possible  in  which  the  OH  groups  are  in  the  same  Cg  group,  and  the  constitution 
of  two  of  these  is  known,  that  of  the  third  is  at  once  determined ;  so  that 
alizarin,  purpuroxanthin,  and  quinizarin  may  be  represented  by  the  following 
symbols : 

OH  OH  OH 


0         y\  v^v        0         yx  y\         0 


— 0— r      IOH 

— C- 
0 


^\-^-/\ 


-c 


v-^ 


c— 


c— 


\/ 


OH 


Alizarin.  Purpuroxanthin. 

The  formula  assigned  to  anthraquinone  admits  of  the  existence  of  only  two 
monoxyanthraquinones,  one  having  the  OH  group  in  the  position  i,*  the  other 
the   OH   group   in   the  position   2.     Inasmuch   as  oxyanthraquinone   may  be 


*  If  it  be  agreed  to  represent  anthraquinone  by  the  symbol 


,'/\-^-/\ 


4'  4 


and  to  number  the  "positions"  in  the  manner  shown,  the  constitution  of  anthra- 
quinone-derivatives  may  be  very  simply  indicated  by  figures  as  in  the  case  of 
benzene-derivatives  ;  if  the  displacing  radicles  are  supposed  to  be  contained  only 
in  the  one  Cg  group,  this  may  be  shown  as  in  the  case  of  alizarin,  for  example, 
by  the  symbol  o— i  :  2,  whereas  the  isomeride  containing  an  OH  group  in  the 
position  I  in  the  one  Cg  group  and  in  the  position  2  in  the  other  would  be 
represented  by  the  symbol  1-2''  or,  which  is  the  same  thing,  1-2. 
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obtained  from  anthraqulnonesulphonic  acid,  and  it  is  the  tendency  of  sulphuric 
acid  chiefly  to  form  meta-derivatives,  it  appears  probable  that  this  compound  is 
a  meta-derivative,  and  therefore  that  the  OH  group  in  erythoxyanthraquinone 
is  in  the  position  i  ;  the  fact  that  erythoxyanthraquinone  is  more  highly  coloured 
lends  some  support  to  this  conclusion,  for  meta-derivatives,  as  a  rule,  do  not 
appear  to  furnish  colouring  matters. 

Few  data  exist  from  which  the  constitution  of  the  remaining  dioxy-derivatives 
of  anthraquinone  may  be  deduced.  The  formation  of  anthraflavic  acid  from 
metaoxy benzoic  acid  necessitates  the  assumption  that  the  OH  groups  are  in 
different  Cg  groups,  in  which  each  must  occupy  the  meta-position,  and  two 
formulae  are  therefore  possible — viz  ,  2' — 2  and  3' — 2  ;  thus  : 


OHf 


O 
^— C- 


/\  ^ 


— c- 


OH 


'— c— <>.     }  ohV.   y— C— I 

0      V^  \^      0 

The  isomeride  which,  according  to  Schunck  and  Roemer,  is  formed  together 
with  anthraflavic  acid,  would  be  represented  by  whichever  of  these  formulae  does 
not  belong  to  the  latter.  The  fact  that  no  phthalic  acid  is  formed  on  oxidation 
of  isoanthraflavic  acid  indicates  that  the  OH  groups  in  it  are  in  different  Cg  groups, 
but  there  is  no  further  evidence  extant  which  would  serve  to  throw  light  on  its 
constitution.  Chrysazin  also  does  not  furnish  phthalic  acid,  and  from  the  great 
readiness  with  which  this  body  yields  a  tetrauitro-derivative,  it  appears  probable 
that  both  OH  groups  occupy  ortho-positions,  and  therefore  that  it  may  be 
represented  by  one  of  the  two  formulae ; 

OH  OH  OH 


\/     0 
OH 

It  is  a  remarkable  fact  that  none  of  the  dioxyanthraquinones  in  which  the 
OH  groups  are  in  different  Cg  groups  exhibit  any  affinity  for  mordants,  and  this 
apparently  is  also  fhe  case  with  the  monoxyanthraquinones  and  with  purpuro- 
xanthin,  in  which  the  OH  groups  are  relatively  in  the  meta-position ;  only 
alizarin  and  quinizarin,  in  which  respectively  the  OH  groups  are  relatively  in  the 
positions  i  :  2  and  i  :  4  act  as  dyes. 

Purpurin  is  shown  by  its  formation  from  alizarin  and  quinizarin  to  have  the 
three  OH  groups  in  the  one  Cg  group  and  in  the  relative  positions  1:2:4.  An- 
thragallol  from  the  manner  in  which  it  is  formed  also  contains  the  three  OH 
groups  in  the  one  Cg  group,  and  these  must  be  supposed  to  occupy  relatively  the 
positions  1:2:3.  Positive  data,  which  would  enable  us  to  infer  the  constitu- 
tion of  the  remaining  trioxanthraquinones,  are  wanting ;  but  as  they  are  all 
colouring  matters,  and  closely  resemble  alizarin,  it  appears  probable  that  they 
are  related  to  the  latter  somewhat  in  the  manner  represented  by  the  following 
symbols : 

OH 


OH 


/\-% 


(?)  Isopurpuriu. 


OH 


OH 


OH 


(?)  Flavopurpurin. 


(?)  Oxyclu-ysaziu, 
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From  the  manner  in  which  they  are  formed,  anthrachrysone  and  rufigallic 
acid  doubtless  contain  respectively  two  and  three  OH  groups  in  each  C  group,  hut 
their  relative  positions  are  doubtful,  as  the  constitution  of  the  acids  from  which 
they  are  derived  is  not  yet  satisfactorily  ascertained ;  probably,  however,  the  OH 
groups  in  the  latter  are  contiguous  as  in  anthragallol. 

Methylanthraquinone  probably  has  the  CH3  group  in  the  position  3  as  the 
ditolylmethane  from  which  methylanthracene  is  obtained  is  doubtless  a  para- 
derivative  of  benzene ;  moreover,  the  anthraquinonecarboxylic  acid  formed  by  its 
oxidation  appears  to  be  identical  with  that  prepared  from  anthraquinone- 
sulphonic  acid,  which  in  all  probability  is  a  meta-derivative  of  anthraquinone. 

C^H^.CO 

(17 11)  Phekantheaquinone  :     C,,H-0„.  =  |         |    .        This     quinone, 

C^H^.CO 
isomeric  with  anthraquinone,  is  formed  by  oxidation  of  phenanthrene  (comp. 
p.  378).  It  is  sparingly  soluble  in  hot  water,  but  freely  dissolves  in  benzene  and 
acetic  acid,  and  crystallizes  in  dark,  reddish-yellow  or  orange-yellow  prisms ;  it 
melts  at  I98°(388°'4  F.),and  sublimes  at  a  higher  temperaturein  orange-red  plates. 
Phenanthraquinone  is  distinguished  from  anthraquinone  by  a  variety  of 
reactions.  Thus  it  combines  with  acid  sulphites,  forming  crystalline  compounds 
such  as  that  with  sodic  hydric  sulphite,  Cj^HgO^.NaHSOg  +  2OH2.  It  is  con- 
verted into  the  corresponding  quinol  (p.  537)  by  the  action  of  an  aqueous 
solution  of  sulphurous  acid  at  100°  (212°  P.)  ;  and  phenanthraquinol  yields  the 
corresponding  quinh^'drone  on  careful  oxidation.  It  is  not  converted  into  a 
sulpho-acid  by  the  action  of  sulphuric  acid  at  100°  (212°  P.),  and  on  heating 
more  strongly  is  decomposed  ;  it  may,  however,  be  converted  into  sulpho-acids 
by  means  of  sulphuric  anhydride.  No  colouring  matters  derived  from  it  are 
known.  By  oxidation  with  chromic  acid,  it  is  readily  converted  into  diphenic 
acid,  CgH^(COOH).CgH^(COOH).'  When  heated  with  soda-lime,  it  yields 
diphenyl,  CgHg.CgHg,  but  if  heated  with  burnt  lime,. it  is  converted  into  dipheny- 
lene  ketone  (p.  1686).  By  prolonged  boiling  with  a  concentrated  alcoholic 
solution  of  potassic  hydrate,  it  is  converted  into  diphenic  acid  ;  if,  however,  an 
aqueous    solution    of    sodic    hydrate    is    employed,   diphenyleneglycolic  acid 

I         >  C(OH).COOH  is  produced,  an  isomeric  change  taking  place  similar  to 
CgH^  ' 

that  which  occurs  in  the  formation  of  diphenylglycolic  acid  from  benzil  (p.  787). 
On  heating  phenanthraquinone  with  an  alcoholic  solution  of  ammonia,  phenan- 
thrimidoquinone,  C  H,.C.NH,  is  obtained ;  it  forms  long  yellow  needles,  melting 

I         I 

CgH^.CO 
at  147°  (296°'6  P.);  hydrochloric  acid  reconverts  this  compound  into  the  quinone. 
On  treatment  with  bromine,  and  on  nitration,  phenanthraquinone  yields  bromo- 
and  nitro-derivatives,  although  by  no  means  readily  (Pittig  and  Ostermayer, 
Ann.  Chem.  Pharm.,  clxvi.  365  ;  Graebe,  ihid.,  clxvii.  139  ;  Hay  duck,  clxvii. 
184;  Ostermayer,  Dew^.  chem,  Ges.  Ber.,  vii.  1089;  Anschtitz  and  Schulz, 
ihid.,  ix.  1400  ;  X.  21,323;  Priedlaender,  ihid.,  x.  534). 

(17 1 2)  Pyeenequinone  :  C^gH^gO^,  obtained  by  oxidation  of  pyrene  (1399), 
resembles  anthraquinone  in  its  properties  j  it  crystallizes  from  acetic  acid  in  red 
needles  or  prisms.  When  boiled  with  a  solution  of  potassic  hydrate  and  zinc 
dust,  it  dissolves, '  forming  a  red  liquid  from  which  it  is  again  deposited  on 
exposure  to  the  air ;  (;old  sulphuric  acid  dissolves  it,  forming  a  brown-coloured 
liquid  (Graebe). 

(17 13)  DioxYEETisTENE  :  O^Jl^fl^. — This  compound,  formed  by  oxidation 
af  the  hydrocarbon  retene  (1396),  is  apparently  a  quinone,  as  it  dissolves, 
although  with  difficulty,  in  a  solution  of  hydric  sodic  sulphite,  and  also  when 
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heated  with  potassic  hydrate  solution  and  zinc  dust.  It  crystallizes  from 
alcohol  in  dark  orange-coloured  flat  prisms,  melting  at  about  190°  (374°  F.) ; 
according  to  Ekstrand,  it  does  not  yield  the  hydrocarbon  C^^H^^  when  distilled 
with  zinc  dust  [Ann.  Chem.  Pharm.,  clxxxv.  98). 

(17 14)  Cheysoquinone  :  C^gH^^O^,  obtained  in  a  similar  manilfcr  from 
chrysene  (1405),  crystallizes  from  benzene  in  reddish-yellow  needles,  melting  at 
about  220°  (428°  F.);  it  dissolves  in  concentrated  sulphuric  acid,  forming  a 
beautiful  blue-coloured  solution,  from  which  water  precipitates  the  unaltered 
substance  (Liebermann).  Like  phenanthraquinone,  it  is  converted  into  the  cor- 
responding quinol  by  digestion  with  a  solution  of  sulphurous  acid  at  100'' 
(212°  F.)  ;  it  forms  crystalline  compounds  with  the  acid  sulphites,  and  enters 
into  reaction  with  ammonia ;  when  distilled  with  soda-lime  it  yields  the  hydro- 
carbon CjgHj^2  (Grraebe,  Deut.  chem.  Ges.  Ber.,  vii.  782). 

(17 15)  Constitution  of  the  Quinones. — The  constitution  of  benzo- 
quinone  and  of  the  quinones  having  similar  properties  is  still  open  to  discussion, 
that  of  anthraquinone  and  phenanthraquinone  and  the  allied  quinones  having 
alone  been  satisfactorily  established.  According  to  the  hypothesis  advanced  by 
Graebe,  and  which  is  that  which  has  obtained  most  general  credence,  the  quinones 
are  formed  by  the  displacement  of  2  atoms  of  hydrogen  by  2  atoms  of  oxygen, 
which  together  act  as  a  dyad  radicle  in  consequence  of  their  being  united  by  an 
affinity  of  each.  Graebe  made  the  somewhat  arbitrary  assumption  that  the 
oxygen  atoms  became  attached  to  contiguous  carbon  atoms,  as  only  one  of  the 
dihydroxy-derivatives  of  benzene  was  convertible  into  quinone ;  but  it  is  now 
placed  beyond  doubt,  however,  that  quinol  and  all  the  di-derivatives  of  benzene 
which  furnish  quinone*  are  not  ortho-  or  i  :  2  derivatives  but  para-  or  I  :  4  deri- 
vatives, and  therefore  quinone  is  represented  by  the  second  of  the  following 
symbols,  the  first  being  that  originally  proposed  by  Graebe : 

H  C 


HC  C— O  HC    O   CH 

HC  C-0  HC    O   CH 

\Cy  Nix 

H  C 

The  alternative  hypothesis  which  has  been  entertained  of  late  is  that  the 
quinones  are  all  di-ketones ;  that  is  to  say,  that  they  contain  the  group  CO  twice. 
The  formation  of  a  di-ketone  of  the  composition  of  quinone  from  benzene,  how- 
ever, cannot  be  expressed  with  the  aid  of  Kekule's  benzene  symbol,  as  it 
necessitates  the  partial  disunion  of  two  of  the  carbon  atoms  which  are  united  by 
two  affinities  of  each,  and  this  could  only  take  place  if  quinone  were  an  ortho- 
compound  (fig.  I.) ;  but  it  may  be  represented  by  means  of  the  so-called  prism 

symbol — thus  : 

H  H  O 

C  C  C 


\  / 

HC         CO  HC- 

HC         CO  HC— 


— CH  HC  —  CH 

— CH  HC  —  CH 

/  V 


S  H  O 

I.  Benzene.t  Quinone. 

*  The  /3-naphthaquinone  of  Stenhouse  and  Groves  must  be  either  an  ortho-  or 
meta-derivative,  however. 

t  Benzene  may  be  represented  simply  by  a  prism  instead  of  by  this  compli- 
cated symbol,  thus         »       or  thus      ^       .     This  symbol  is  the  only  one  besides 


Kekule's  by  which   ^[jtl* 
rivatives    of    ben-  3'^—^^ 


^  the  "  constitution"  of  the  various  de- 
5  zene   can  be  satisfactorily  represented-, 


and  in  some  respects  -^       it  has  an  advantage  over  it.     Thus 


^7  "^5'] 
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There  is  only  one  instance  in  which  this  hypothesis  appears  to  be  inad- 
missible— viz.,  in  explanation  of  the  production  of  a  quinone  of  the  formula 
^22^ A  ^^o™  t^^  compound  CH^ZZClC^^H^^.OH)^  obtained  by  reduction  of  the 
product  of  the  reaction  of  chloral  hydrate  on  thymol  (1701),      As  this  compound 

is  a  para-derivative— the  parent  compound  yields  cymoquinone  on  oxidation it 

is  impossible  to  account  for  its  conversion  into  a  ketone  in  a  satisfactory 
manner  by  means  of  the  prism  symbol,  as  may  be  seen  by  reference  to  the 
following  figure  : 


HO.c 


•H      H 
C — C 


CHa 


^C— C- 


H 

-C 


rC.OHj 


^W ^W 

CH3C3H7  C3H7CHS 

but  the  formation  of  a  quinone  from  such  a  compound  is  readily  expressed  in 
accordance  with  Graebe's  hypothesis — thus  : 

Cff»  '  CH, 

-c- 


C,H7 


C,H, 


OH  O — 0 

The  evidence-  at  present  at  our  disposal,  however,  i»  scarcely  sufficient  to 
warrant  the  rejection  or  adoption  of  either  view.  Graebe's  hypothesis,  although 
serving  well  to  explain  the  properties  of  benzoquinone  and  its  homologues, 
involves  the  assumption  that  the  ox^rgen  atoms  are  united  in  a  manner  altogether 
without  analogy,  at  least  in  the  case  of  carbon  compounds,  and  on  this  ground 
alone  it  is  open  to  question  unless  it  can  be  shown  that  the  ketone  hypothesis 
does  not  equally  well  accord  with  their  behaviour.  Moreover,  although  benzo- 
quinone and  its  homologues  differ  greatly  in  their  properties  from  anthraquinone, 
which  is  generally  admitted  to  be  a  di-ketone,  they  in  many  respects  resemble 
phenanthraquinone,  which  undoubtedly  is  also  a  di-ketone,  and  the  difference 
between  these  quinones  is  certainly  no  greater  than  between  many  closely  allied 
ketones,  such  as  methylethyl  ketone  and  methylphenyl  ketone,  for  example,  only 
the  first  of  which  is  capable  of  combining  with  acid  sulphites. 

From  these  remarks  it  will  be  evident  that  the  determination  of  the  consti- 
tution of  benzoquinone  and  its  homologues  is  a  problem  of  considerable  interest, 
especially  as  the  acceptance  of  the  one  hypothesis  would  involve  the  rejection  of 
Kekule's  benzene  svmbol. 


it  indicates  the  existence  of  only  3  di-derivatives — viz.,  of  a  meta-derivative 
(i  :  2  or  I  :  6),  of  an  ortho-derivative  (i  :  3  or  i  :  5),  and  of  a  para-derivative 
(i  :  4) ;  and  it  is  possible  to  represent  the  formation  of  metabromobenzoic  and 
isophthalic  acids  by  oxidation  of  the  compounds  resulting  from  the  action  of 
zincic  ethide  on  benzene  dibromide,  CgHgBrg,  which  cannot  be  accounted  for  by 
means  of  Kekule's  symbol  (comp.  foot-note,  p.  395).  Obviously,  whereas 
Kekule's  symbol  represents  the  radicles  in  the  ortho-di-derivatives  as  associated 
with  contiguous  carbon  atoms,  this  symbol  represents  them  as  associated  with 
carbon  atoms  which  are  not  united :  so  that  the  terra  relative  position  of  such 
and  such  radicles  has  reference  merely  to  a  given  symbol  and  has  no  absolute 
meaning  whatever.  The  constitution  of  the  derivatives  of  benzene  and  of  allied 
hydrocarbons  may,  however,  be  expressed  in  accordance  with  the  present  theory 
entirely  without  reference  to  the  constitution  of  benzene  itself  by  means  of  the 
simple  hexagon  symbol  so  frequently  employed  in  these  pages. 
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§    V.    SULPHINES    AND    SuLPHONES. 

These  compounds  bear  a  similar  relation  to  sulphurous  and 
sulphuric  acid  respectively  that  the  ketones  bear  to  carbonic 
acid,  thus : 

C0(0H)2  S0(0H)2  S02(OH)2 

Carbonic  acid.  Sulphurous  acid.  Sulphuric  acid. 

C0(C3H,),  SO(C,H,),  SO,(C,HJ,      . 

Diethylketone.  Diethylsulphine.  Diphenylsulphone. 

The  resemblance  extends,  however,  only  to  their  formulae,  and 
not  to  their  properties. 

The  sulphines  are  obtained  by  oxidation  of  the  corresponding  thioethers,  and 
have  hitherto  only  been  prepared  from  those  of  the  S(CnH2n  ^  J^  series.  The 
sulphones  are  formed  in  a  similar  manner,  and  by  the  action  of  sulphuric  acid 
and  of  chlorhydric  sulphate,  CISO^.OH,  on  hydrocarbons  such  as  benzene  and 
naphthalene.  The  sulphones  resist  oxidation,  but  they  are  readily  reconverted 
into  thioethers  by  the  action  of  reducing  agents. 

(1716)  DiMETHTLSULPHiNE :  SO(CH3)2. — Nitric  acid  acts  with  great 
violence  on  methylic  sulphide,  S(CH3).^ ;  if,  however,  the  sulphide  be  gradually 
dropped  into  the  well-cooled  acid  it  dissolves,  and  on  evaporating  the  solution 
on  the  water  bath,  a  residue  is  finally  obtained  which  solidifies  on  cooling  to  a 
mass  of  colourless  crystals  of  the  nitrate  8(0113)2(011). NO3.  By  decomposing 
a  solution  of  this  compound  with  baric  carbonate,  a  solution  of  the  oxide 
SOCCHg)^  (or  ?  of  the  hydrate  (CH3)2S(OH)2)  is  obtained,  from  which  the 
latter  may  be  isolated  by  evaporating  tlie  liquid  at  first  in  the  water  bath  and 
then  in  vacuo,  and  extracting  with  alcohol  or  ether.  Diraethylsulphine  is  a 
colourless,  odourless,  oily  liquid,  which,  on  cooling  by  a  refrigerating  mixture, 
solidifies  to  a  mass  of  crystals  ;  it  decomposes  on  distillation,  and  on  treat- 
ment with  zinc  and  sulphuric  acid  it  is  reduced  to  methylic  sulphidel 

Methylethylsulphine,  CHg.SO.C^Hj,  diethylsulphine,  80(0^11^)2,  dibutyl- 
sulphine,  ^0(GJ1^^,  diisohutylsuljphine,  %(^{(^'E.^S^^^^)^_,  ethylisoprimary- 
amylsulfhine,  02H5.8O.0H2.CH2.03Hy^,  and  diisoprimary-amylsulphine, 
S0(CH2  CH2.03Hy^)2,  have  been  prepared  in  a  similar  manner  by  oxidizing  the 
corresponding  thioethers  with  nitric  acid  ;  they  closely  resemble  the  methyl 
compound  in  their  properties  (comp.  8aytzeff,  Ann.  Ghem.  Pharm.,  cxxxix. 
31:54;  oxliv.  148;  Grabowsky,  ^6^c?.,  clxxv.  348;  Olaessen,  Jour.  pr.  Chem. 
[2],  XV.  174). 

(i 7 1 7)  Phentldisulphine :  Cj^H^^Sp^  =  CgH^.OS.SO.OgH^,  the  analogue 
of  the  ketone  dihenzoyl  or  henzil  (p.  787),  is  formed  in  small  quantity  on  oxi- 
dation of  thiophenol,  being  doubtless  derived  from  the  disulphide  OgHg.S.S.CgHj, 
which  is  the  first  product  of  oxidation;  it  is  also  obtained  together  with 
benzenesulphonic  acid  on  heating  benzenesulphinic  acid  with  water: 
3C,H,.SO2H-(0gH,)2S2O,4-CgH^.8O3H  +  OH2(Otto,  Deut.  chem.  Ges.  Ber., 
ix.  1639).  It  crystallizes  from  alcohol  in  transparent  monoclinic  plates, 
melting  at  45°  (113°  F.) ;  on  oxidation  it  is  converted  into  benzenesulphonic 
acid,  and  on  reduction  into  thiophenol ;  when  boiled  with  potassic  hydrate  solu- 
tion it  yields  benzenesulphonic  and  benzenesulphinic  acids  and  phenylic  disulphide. 
The  homologous  compound,  paratolyldisulphine,  is  formed  in  a  similar  manner 
from  thioparacresol. 

(17 18)  DiMETHYLSULPHONE  :    (CHj^SO^.— To    prepare    this    compound 
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from  dimethylsulphine,  it  is  necessary  to  heat  the  latter  with  concentrated  nitric 
acid  at  100°  (212°  F.).  It  forms  colourless  prisms  easily  soluble  in  water  and 
alcohol,  melting  at  109°  (228°*2  F.),  and  boils  without  decomposition  at  238° 
(46o°'4  F.) ;  it  does  not  combine  with  acids  like  dimethylsulphine  (Saytzeff, 
loc.  cit.).  Diethylsuljphone,  (S^Hj^SO^,  and  dihutylsulphone,  (C^HJ^SO  ,  are 
in  all  respects  similar  compounds  (Oefele,  Ann.  Chem.  Pharm.,  cxxxii.  86; 
Grabowski,  loc.  cit.);  the  former  melts  at  70°  (158°  F.)  and  boils  at  248° 
(478''-4  F.) ;  the  latter  melts  at  43°-5  (ito°-2  F.) 

(17 1 9)  DiPHENYLSULPHONE  or  sulphohenzid :  {QJl^^O^,  is  obtained  by 
oxidation  of  phenylic  sulphide  (CgHJ^S,  and  by  the  action  of  sulphuric  anhydride, 
sulphuric  chlorhydrate  and  pyrosulphuric  acid  on  benzene.  It  crystallizes  from 
alcohol  in  rhombic  plates,  melting  at  126°  (258°'8  F.)  It  dissolves  in  hot 
concentrated  sulphuric  acid,  being  converted  into  benzenesulphonic  acid,  but  is 
not  in  the  least  acted  upon  by  an  alcoholic  solution  of  potassic  hydrate  even  at 
180°  (356°  F.).  If  dissolved  in  carbonic  bisulphide,  it  is  not  attacked  by 
chlorine  either  in  shade  or  sunshine,  even  in  presence  of  iodine,  but  if  heated  to 
its  melting  point,  it  is  resolved  into  chlorobenzene  and  benzenesulphonic  chloride, 
SO.,(C^Hj2  +  Cl2  =  CgH,Cl  +  C,H5.SO,Cl  (Otto  and  Gruber,  Ann.  Chem. 
Pharm.,  cxlix.  174).  It  is  said  to  yield  a  liquid  dichlorinated  derivative  when 
acted  on  by  iodine  chloride  at  100°  (212°  F.) ;  an  isomeric  crystalline  dichloro- 
phenylsulphone,  (CgH^Cl)2S02,  melting  at  141°  (285°'8  F.),  is  obtained  by  the 
action  of  sulphuric  anhydride  on  chlorobenzene ;  the  latter  may  be  also  prepared 
by  the  action  of  sulphuric  chlorhydrate,  and  by  means  of  this  reagent  corre- 
sponding bodies  are  formed  from  bromo-  and  iodobenzene  (Armstrong). 

By  heating  phenol  with  half  its  weight  of  fuming  sulphuric  acid  at  1 80° — 
190°  (356° — 374°  F.),  it  is  converted  into  paradioxyphenylsuljphone  or 
oxy sulphohenzid,  S02(CgH^.OH)2,  a  number  of  derivatives  of  which  have  been 
described  by  Glutz  and  Annaheim  {Jour.  pr.  Chem.  [2],  i.  14;  ii.  385  ;  Ann. 
Chem.  PAarm.,  clxxii.  28  ;  Deut.  chem.  Ges.  Ber.,  vii.  436).  This  compound 
forms  glistening  prismatic  needles,  melting  at  239°  (462°'2  F.)  ;  it  dissolves 
in  alkaline  carbonates,  but  the  resulting  metallic  derivatives  are  formed  by  the 
displacement  of  only  a  single  atom  of  hydrogen;  when  heated  with  sulphuric  acid, 
it  yields  phenolparasulphonic  acid. 

By  the  action  of  sulphuric  anhydride,  toluene  is  converted  into  ditolyl- 
*MZj9Aowe,S02(CgH^.CH3), a  crystalline  body  which  melts  at  about  i56°(3i2°-8  F.) 
(Otho  and  Gruber).  This  is  the  only  homologue  of  diphenylsulphone  at  present 
known. 

By  heating  a  mixture  of  naphthalene  and  benzenesulphonic  chloride  with 
zinc,  Chrustschoff  has  obtained  a  crystalline  phenylnaphthylsulphone, 
CgHg.SO._^.C^,H,,  melting  at  121°  (249°-8  F.)  (Deut.  chem.  Ges.  Ber.,  wil 
1167). 

According  to  Stenhouse  and  Groves  (ibid.,  ix,  682),  two  isomeric  naphthyl- 
sulphones,  '^J^(^^^^^,  are  formed  simultaneously  on  heating  naphthalene  with 
sulphuric  acid;  they  melt  respectively  at  123°  (253°-4  F.)  and  177'' 
(35o°-6  F-)' 
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CHAPTER  X. 

THE    ACIDS    AND    THEIR    MORE    IMMEDIATE    DERIVATIVES. 

§  I.  Acids  of  the  C„£?2n+i.C00/f  or  acetic  series ; — §  II.  Amido- 
and  oxy-acids  derived  from  the  acids  of  the  acetic  series. 
Carbonic  acid.  Acids  of  the  lactic  series  ; — §  III.  Acids  0/ 
the  CJJ^J^COOH)c^  or  succinic  series; — §  IV.  Amido-  and 
oxy-acids  derived  from  the  acids  of  the  succinic  series. 
Malic  and  tartaric  acids ; — §  V.  Poly  basic  acids  of  other  series 
derived  from  the  paraffins.  Citric  acid ; — §  VI.  Acids  of  the 
C^H2a-i'C00H  or  acrylic  series; — §  VII.  Adds  of  the 
Cj^H2a_2{COOH)^  or  fumaric  series; — §  VIII.  Acids  of  the 
C^H^^-s.COOH  series;—^  IX.  Acids  of  the  C^H2^_^.C00H 
or  benzoic  series; — §  X.  Amido-  and  oxy-acids  derived 
from  the  acids  of  the  benzoic  series; — §  XI.  Acids  of  the 
Cj^H2a_Q{C00H)^  or  phthalic  series ; — §  XII.  Polybasic  acids 
of  other  series  derived  from  hydrocarbons  of  the  benzene 
series; — §  XIII.  Acids  of  the  CJI2^_q.C00H  or  cinnamic 
series; — §  XIV.  Acids  of  other  series; — §  XV.  Unclassified 
acids ; — §  XVI.  Sulphinic  and  su/phonic  acids. 

Until  recently  it  has  been  the  practice  to  apply  the  term  acid 
almost  indiscriminately  to  all  compounds  furnishing  metallic 
derivatives  when  acted  upon  by  metallic  hydroxides  or  hydrates,  or 
by  metallic  carbonates,  so  that  bodies  of  the  most  various  classes, 
often  having  no  other  properties  in  common,  and  bearing  the 
most  distant  relation  to  each  other,  have  thus  been  classed  to- 
gether. On  carefully  comparing  the  compounds  which  exhibit 
"  acid  properties,-'^  that  is  to  say,  which  contain  one  or  more 
atoms  of  hydrogen  displaceable  by  metals,  it  becomes  evident 
that  in  all  cases  the  hydrogen  is  associated  with  a  radicle  con- 
taining a  more  or  less  negative  element,  such  as  one  of  the 
halogens,  oxygen,  sulphur,  or  nitrogen ;  so  that,  in  fact,  all  com- 
pounds of  hydrogen  with  negative  radicles  manifest  acid  pro- 
perties. Thus,  even  the  alcohols  of  the  CnHgn+j-OH  series,  in 
which  one  of  the  atoms  of  hydrogen  is  associated  with  a  feebly 
negative  radicle  of  the  form  0^112^1+ jO  (negative  only  by  reason 
of  the  presence  of  oxygen,  the  0^11211+ 1  radicles  being  strongly 
positive),  yield  metallic  derivatives  when  submitted  to  the  action 
of  the  hydroxides  of  the  alkali  metals ;  the  alcohols  of  the 
C„H2n_7.0H  series,  far  more  readily  furnish  metallic  derivatives, 
which,  moreover,  are  much  more  stable  than  those  derived  from 
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the  alcohols  of  the  CjjHgn+i.OH  series,  the  radicle  associated  with 
hydrogen  in  these  compounds  being  more  negative  than  the 
CnHan+iO  radicle,  as  the  radicles  of  the  CQHgn.y  series  are  in  a 
marked  degree  negative  in  comparison  with  those  of  the  C^Hgn+i 
series.  Also,  by  introducing  negative  radicles  such  as  NO^  in 
place  of  hydrogen,  compounds  destitute  of  acid  properties,  or 
feebly  acid  bodies,  often  have  acid  properties  conferred  upon  them, 
or  become  more  strongly  acid ;  instances  in  point  are  the  nitro- 
paraffins  (1202)  and  the  nitro-derivatives  of  phenol  (1467). 

On  this  account,  chemists  have  been  led  in  the  case  of  carbon 
compounds  to  narrow  the  definition  of  the  term  acid,  and  to 
apply  it  only  to  bodies  in  which  one  or  more  atoms  of  hydrogen 
are  rendered  displaceable  by  metals  by  virtue  of  the  presence  in 
the  compound  of  negative  radicles  of  a  particular  kind.  What 
may  be  termed  organic  acids  proper  are  now  almost  universally 
regarded  as  compounds  containing  the  group  COOH,  the  hydro- 
gen in  this  group  being  that  which  is  displaced  by  metals  in  the 
formation  of  true  salts.  These  carboxjlic  or  carbo-acids,  as  they 
are  most  usually  termed,  may  also  be  regarded  as  derivatives  of 
carbonic  acid,  C0(0H)2 :  viz.,  as  formed  from  it  by  the  displace- 
ment of  one  of  the  OH  groups  in  a  single  molecule  by  a  monad 
radicle — in  which  case  a  monobasic  acid  results,  or  by  the  dis- 
placement of  w-OH  groups  in  n  molecules  by  an  ?z-valent  radicle, 
whereby  a  poly  basic  (y^-basic)  acid  is  formed.  The  term  acid  is 
further  applied  to  compounds  bearing  a  similar  relation  to  the 
polybasic  acids  formed  from  negative  elements  other  than  carbon, 
such  as  sulphuric  acid,  phosphoric  acid,  &c. 

(T720)  Methods  of  formation. — A  large  number  of  carboxylic 
acids  are  products  of  special  reactions,  or  are  derived  from 
special  sources,  but  the  following  are  general  reactions  by  which 
many  of  tliem  are  formed: — i.  By  oxidation  of  hydrocarbons. 
The  paraffins  and,  in  fact,  all  hydrocarbons  in  which  the  carbon 
atoms  may  be  regarded  as  associated  together  in  such  manner 
that  they  form  an  open  chain,  do  not  appear  to  furnish  acids  on 
oxidation  bearing  any  simple  relation  to  themselves ;  the  hydro- 
carbons of  the  benzene  series,  however,  and  those  similar  to  them 
in  constitution,  behave  in  a  very  definite  manner,  the  side  chain 
or  chains,  whatever  their  nature,  being  ultimately  oxidized  to 
carboxyl  (comp.  1295). 

2.   By  oxidation  of  aldehydes.      It  has  already  been  pointed 
out  that  the  aldehydes  are  very  readily  converted   by  oxidation 
into  corresponding  acids.  The  reaction  may  be  represented  as  one 
of  double  decomposition ;  thus  : 
3  3  G 
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R'.COH    +    (O    +    OH2)    =   R^COOH    +    OH^. 

Aldehyde.  Acid. 

The  primary  carbinols,  which  yield  aldehydes  on  oxidation,  may 
of  course  be  converted  into  corresponding  acids  by  continued 
oxidation.  The  behaviour  of  secondary  and  tertiary  carbinols 
and  of  phenols,  which  do  not  yield  corresponding  acids  on  oxida- 
tion, has  already  been  discussed. 

3.  B}^  displacing  one  or  more  atoms  of  hydrogen  in  hydrocar- 
bons by  carboxyl.  To  effect  this  the  haloid  derivative  of  the 
hydrocarbon  is  first  prepared,  and  is  converted  into  the  correspond- 
ing cyano-derivative  by  double  decomposition  with  a  metallic 
cyanide,  and  the  cyano-derivative  is  then  heated  with  water  and 
hydrochloric  or  sulphuric  acid  or  an  alkali.      For  example : 

CH^  +  CI2  =  CH3CI  +  HCl ;  CH3CI  +  KCN  =  CH3.CN  -f  KCl ; 

Methane.  Chloromethane  Chloromethane.  Cyanomethane. 

CH3.CN  +  2OH2  +  HCl  =  CH3.COOH  +  NH^Cl. 

Cyanomethane.  Acetic  acid. 

It  is  the  practice  in  most  cases  to  decompose  the  cyanides  with 
the  aid  of  an  alkali,  but  it  would  appear  that  in  many  cases 
slightly  diluted  sulphuric  acid  may  be  advantageously  employed ; 
thus  by  heating  cyanethane,  CgH^.CN,  at  100°  (212°  F.)  with 
a  mixture  of  3  vols,  sulphuric  acid  and  2  vols,  water,  almost 
pure  propionic  acid,  C0H5.COOH,  is  produced  (Beckurt  and 
Otto,  Deut.  chem.  Ges.  Ber.,  x.  262). 

By  employing  the  haloid  hydrocarbon  derivatives  obtained  by 
the  action  of  haloid  acids  or  of  haloid  phosphorus  compounds  on 
the  alcohols,  acids  may  be  obtained  formed  from  the  alcohols  by 
the  displacement  of  the  OH  group  by  the  group  COOH.  The  haloid 
derivatives  available  for  the  purpose  are  only  those  in  which  the 
halogen  is  associated  with  a  carbon  atom,  or  with  carbon  atoms, 
forming  part  of  an  open  chain,  and  even  these  do  not  always 
furnish  acids,  but  sometimes  resist  the  action  of  cyanides,  and  at 
others  are  acted  upon  in  a  different  manner.  To  prepare  acids 
from  hydrocarbons  such  as  benzene,  the  hydrocarbon  is  converted 
into  a  sul phonic  acid  by  treatment  with  sulphuric  acid,  and  a  salt 
of  this  acid  is  distilled  with  a  cyanide,  the  resulting  cyanide 
being  then  decomposed  in  the  manner  stated ;  thus : 

C,H,  +  SO,H,  =  C^H^.SO^H  +  OH, ;    C^H^.SO^K  +  KCN  =  C.H^.CN  +  K^SO, ; 

Baiiene.  Benzenesulphonic  acid.  Cyanobenzene. 

C,H,.CN  +   2(JH,  +  HCl  =  C,H,COOH  +  NH^Cl. 

Cyanobenzene.  Uenzoic  acid. 

(1721)  General  properties. — The  carboxylic  acids  readily 
enter  into  reaction  with  metallic  oxides,  hydroxides  and  carbo- 
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nates  forming  metallic  salts,  the  hydrogen  of  the  group  COOH 
being  displaced  by  an  equivalent  amount  of  metal.  In  poiybasic 
acids,  the  several  atoms  of  hydrogen  of  the  several  COOH  groups 
may  be  displaced  one  by  one,  and  from  each  acid  one  or  more 
acid  salts  may  be  obtained,  as  well  as  a  normal  salt,  an  acid 
which  is  w-basic  yielding  n-i  acid  salts.  Some  monobasic  acids 
also  furnish  hyperacid  salts  of  the  form  R'.COOM'.R'.COOH. 

The  acids  also  enter  into  reaction  with  the  alcohols  in  pre- 
cisely the  same  manner  as  with  metallic  hydroxides,  forming  acid, 
normal  and  basic  ethereal  salts ;  the  basic  ethereal  salts  are  the 
analogues  of  the  basic  metallic  salts  derived  from  polyhydric 
metallic  hydroxides,  being  formed  by  the  partial  displacement  of 
the  OH  groups  in  polyhydric  alcohols  by  radicles  resulting  from 
the  acids  by  the  withdrawal  of  the  hydrogen  atoms  of  the  COOH 
groups. 

The  acids  are  not  affected  by  the  haloid  acids,  but  when 
submitted  to  the  action  of  the  haloid  phosphorus  compounds, 
they  yield  acid  halides — acid  chlorides,  bromides  and  iodides,  the 
group  OH  in  the  COOH  group  being  displaced  by  chlorine, 
bromine  or  iodine.  These  compounds  are  very  readily  reconverted 
into  the  acids  by  decomposition  with  water. 

By  the  action  of  heat  on  their  amnionic  salts,  or  by  treating 
their  ethereal  salts  and  acid  halides  with  ammonia,  the  acids  are 
converted  into  amic  acids  and  acid  amides,  the  amic  acids  being 
formed  by  the  displacement  of  part,  and  the  acid  amides  by  the 
displacement  of  the  whole,  of  the  OH  groups  in  the  COOH 
groups  present  in  the  acid.  These  compounds  are  also  readily 
decomposed  by  water. 

By  the  action  of  the  acid  chlorides  of  monobasic  acids  on 
metallic  salts  of  the  same  acids,  acid  anhydrides  are  formed, 
which  are  related  to  the  acids  in  the  same  way  that  the  ethers 
are  to  the  alcohols  j  thus  : 

R'.COOH  (R.C00)20  R'.OH  (R'.O)^. 

Monobasic  acid.  Acid  anhydride.        Monohydric  alcohol.  Ether. 

Many  poiybasic  acids  furnish  corresponding  compounds.  The 
acid  anhydrides  are  as  a  rule  readily  decomposed  by  water. 

The  COOH  group  in  acids  may  often  be  displaced  by 
hydrogen,  by  distilling  their  baric  or  calcic  salts  with  baric  or 
calcic  hydrate;  for  example,  benzene  is  obtained  on  distilling 
calcic  benzoate  with  calcic  hydrate  : 

(C,H,.C02)2Ca  +  Ca(0H)2  =  2C,H,  +  aCaCOs. 

Calcic  benzoate.  Benzene. 

3  g2 
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The  formation  of  ketones  by  heating  metallic  salts  of  acids  has 
been  previously  described. 

§  I.  Acids  of  the  CnHgn+i-COOH  or  Acetic  Series. 
(1722)   The  following  acids  of  this  series  are  known  : 

M.P.       B.P.  °c. 

CH^O^        Formic  acid    ....  H.COOH  85  100 

O^H.O^       Acetic  acid      ....  CH3.COOH  167  118 
CjHgOj       Propionic  or   methacetic 

acid C^H^.COOH  liq.at  -21   1407 

r  Butyric  or  ethacetic  acid  C^Hg.CHg.COOH  0°  162-4 
C^HgOj    <  Isobutyricordimethacetic 

(      acid (CH3)^.CH.C00H  —  154 

'  Pentylic  (valeric)  or  prop- 
acetic  acid  .     .     .     .     CjHy^.CHj.COOH  liq.at -1 6  185 
r  TT  r>    J  Isopentylic  or  isopropace- 
^^10^2  1       tic  acid        ....     (CH3),CH.CH,.C00H  —        175 


^.^A 


Methethaceticacid     .     .  C2H^.CH(CH3).COOH  —        173 

[  Trimethacetic  acid     .      .  C(CH3)3.C00H  35-4       163-8 

Hexjlic  (caproic)  or  te- 

trylacetic  acid        .      .  C^Hj^«.COOH  -2        205 

Isohexylic  or  isoprimary- 

]       tetrylacetic  acid     .     .  C^H/.COOH  liq.at -18  200 

Diethacetic  acid    .     .     .  CH(C,HJ2.C00H  —        196 

I  Dimethethacetic  acid      .  C2H5.C(CH3)2.COOH  -14     187 

^7^14^2       Normal hepty lie  or  oenan- 

thylic  acid  ....  C^H^g'^.COOH  -10-5       224 

(  Normal  ociylic  or  capry- 

C,H^A  ^       lie  acid C^H^^^.COOH  16*5       236 

(  Isosecondary  octylic  acid .  CH(CH3).CHj.C(CH3)3  —  abt.  2 1 5 

COOH 
f  Normal  nonylic  or  pelar- 

CH   0    J    '  go^'^*' ^c>^  ....  CgHjga.COOH  12-5       254 

•    18   2  i  Isoprimary     nonylic     or 

[      methhexacetic  acid     .  CgHj3«CH(CH3).COOH  liq.at-ii  245 

Cj^H„^0.^  ^Decylic  or  capric  acid     .  C^H^g.COOH  30  269 

O^^H^^O^     Dodecylic  or  lauric  acid  C^.H^g.COOH  43  6        — 

Cj^HjgOg     Tetradec}lic  or  myristic 

acid C,3H„.C00H  54        - 

CjjHjjOj     Hexdecylic     or   palmitic 

acid C^5H3^.COOH  62         — 

CjyHg^Oj     Heptadecylic  or  margaric 

^  „  ^  ""id C,.H,3.C00H  59-9       - 

^8"36^2     Octadecylic  or  stearic  acid  C^yHgg.COOH  69-2        — 

^.^^A     Arachidic  acid      .     .     .  C^gHg^.COOH  75         — 

^it^ifii     Behenicacid    ....  Cj.H^g.COOH  76         — 

^25^,^0,     Hysenic  acid  ....  C  H  ,.COOH 


77 
27^54^2      '^erotic  acia     ....      ^gll^j.CUUM  79 


^27^5^2     Ceroticacid     ....     C„H.,.COOH 


C^H^^O,     Melissicacid    ....     C  H,„.COOH 


29       69 


91 


The  acids  of  this  series  are  commonly  termed  fatty  acids  on 
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account  of  the  oily  or  fatty  character  of  the  higher  terms. 
Several  of  them  occur  in  the  free  state  in  nature^  as  formic 
acid  in  ants,  in  certain  caterpillars,  and  in  the  nettle  ;  valeric  acid 
in  valerian  root ;  and  cerotic  acid  in  beeswax.  Others  are  present 
in  the  form  of  ethereal  salts  in  various  animal  and  vegetable  pro- 
ducts :  the  essential  oils  obtained  from  certain  species  of  Umbel- 
liferce  contain  substances  such  as  octylic  acetate  and  hexylic  buty- 
rate,  for  example ;  spermaceti,  a  crystalline  substance  found  in 
cavities  in  the  head  of  the  sperm-whale  is  a  cetylic  palmitate  ;  and 
mutton  and  beef  fat  chiefly  consist  of  glyceric  stearate,  and  palm 
oil  of  glyceric  palmitate. 

Those  containing  more  than  10  atoms  of  carbon  have  all 
been  separated  from  natural  products,  and  as  yet  they  have  not 
been  obtained  in  isomeric  modifications.  The  lower  terms  have 
been  prepared  by  the  general  methods  already  described  and  by 
various  special  methods,  and  of  many  of  them  a  number  of 
isoraerides  are  already  known. 

The  lowest  terms  are  mobile  colourless  liquids  readily  soluble 
in  water,  but  as  the  series  is  ascended  the  mobility  and  solubility 
in  water  diminishes,  and  the  highest  terms  are  crystalline  solids, 
almost  insoluble  in  water.  The  liquid  members  mostly  poscsess 
more  or  less  characteristic  odours. 

They  furnish  crystalline  salts,  which  are  less  and  less  soluble 
in  water  as  the  series  is  ascended.  They  are  bodies  of  conside- 
rable stability,  all  but  the  highest  terms  distilling  unchanged. 
All  except  formic  acid  oppose  considerable  resistance  to  the 
action  of  oxidizing  agents ;  but  when  sufficiently  powerful  means 
are  employed,  they  furnish  lower  terms  of  the  series,  and  acids 
of  the  succinic  series  (comp.  Herez,  Ann.  Chern.  Pharm.y  clxxxvi. 
257) ;  they  yield  haloid  substitution  derivatives  without  difficulty, 
but  resist  the  action  of  concentrated  nitric  and  sulphuric  acids. 

(1723)  Formic  or  Methylic  Acid:  CH202  =  H.C00H. — 
This  acid  or  its  salts  occur  in  ants  {Formica — hence  its  name),  in 
the  hairs  and  other  parts  of  the  caterpillar  of  Bombyx  processionea 
and  other  caterpillars,  in  nettles,  and  in  the  perspiration  and 
other  secretions  of  the  human  body.  According  to*  Chapman 
(Jour.  Chem.  Soc,  xx.  133),  a  minute  amount  of  formic  acid  is 
jobtained  when  pure  carbon  is  oxidized  with  permanganic  acid ;  it 
Is  also  formed  in  small  quantity  on  passing  the  silent  electric  dis- 
charge through  a  mixture  of  carbonic  anhydride  and  hydrogen 
^Brodie,  Froe.  Roy.  Soc,  xxi.  245)  :  COg  -f-  H2=CH202 ;  and  it  is  a 
product  of  the  oxidation  of  methylic  alcohol,  and  of  a  very  large 
number  of  carbon  compouad^;  especially  highly-oxygenated  bodies 
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such  as  sugar,  starch,  &c.,. although  the  amouut  obtained  in  this 
way  is  but  small  on  account  of  the  readiness  with  which  it 
undergoes  further  oxidation. 

Formic  acid  or  formates  are  obtained  in  many  other  ways  ; 
for  example  :  by  reduction  of  carbonic  acid,  as  when  potassium 
is  exposed  in  an  atmosphere  of  moist  carbonic  anhydride  (Kolbe 
and  Schmitt) :  CO(OH)2  +  H2  =  H.COOH  +  OH2 ;  or  when  sodium 
amalgam  acts  upon  a  strong  aqueous  solution  of  ammonic  car- 
bonate (Maly)  ;  by  heating  moist  potassic  hydrate  with  carbonic 
monoxide  at  100°  (212°  F.)  for  some  hours  (Berthelot)  :  CO  +  HOK 
=  H.COOK;  by  heating  hydrocyanic  acid  with  water  and  an  acid 
or  an  alkali ;  by  the  action  of  potassic  hydrate  on  trichlorome- 
thane  (chloroform):  HCCl3  +  4HOK  =  3KCl+ 20H2-h  H.COOK  ; 
and  by  heating  the  acids  of  the  lactic  series  of  the  form 
CnH2n+i.CH(0H).C00H,  with  dilute  sulphuric  acid;  for  example: 
CH3.CH(OH).COOH  +  OH2=CH3.CH(OH)2+H.COOH. 

It  is  best  prepared  by  Lorin's  method,  by  heating  oxalic  acid 
with  glycerol  (glycerin). 

When  oxalic  acid  is  heated  alone,  it  is  resolved  into  carbonic  anhydride  and 
formic  acid  :  COOH.COOH  =  CO^  +  H.COOH,  but  this  decomposition  only  takes 
place  at  an  elevated  temperature,  and  much  of  the  formic  acid  is  in  consequence 
resolved  into  carbonic  oxide  and  water;  in  presence  of  glycerol,  however,  the 
decomposition  commences  below  50°  (122°  P.),  and  is  completed  below  iio'^ 
(230°  F.),  little  or  no  carbonic  oxide  being  produced.  Apparently  the  glycerol 
promotes  the  decomposition  of  the  oxalic  acid  in  virtue  of  the  tendency  which 
it  has  to  react  with  formic  acid,  producing  a  basic  ethereal  salt  (glycerol 
monoformin) :  C3H5(OH)3  +  H.COOH  =  H.COOlC^HpH^  +  (OH), ;  this  salt  is 
decomposed  by  heating  with  water,  yielding  glycerol  and  formic  acid : 
H.C00.C3H^(0H)^  +  OH,  =  H.COOH  +  C3H/OH),. 

Loriu  recommends  the  following  mode  of  proceeding: — I'i2  kilograms  of 
glycerol  and  3  kilos,  of  powdered  ordinary  oxalic  acid  (H^CgO^  +  20Hjj)  are 
placed  in  a  large  retort,  and  the  mixture  heated  over  a  naked  flame  j  as  soon  as 
formic  acid  begins  to  distil  over,  fresh  oxalic  acid  is  added  in  such  quantity  as 
to  maintain  as  nearly  as  possible  the  original  level  of  liquid  in  the  retort.  The 
acid  is  added  only  twice  a  day,  and  the  retort  is  cooled  a  little  before  each  addi- 
tion of  oxalic  acid ;  the  same  quantity  of  glycerol  suffices  to  decompose  a 
relatively  very  large  amount  of  oxalic  acid.  The  distillate  is  almost  of  constant 
strength,  and  contains  about  56  per  cent,  of  formic  acid;  by  distilling  it 
again,  a  liquid  containing  about  775  per  cent,  of  acid,  which  boils  constantly 
at  107°  (2Z4°'6  F.),  may  be  separated,  and  by  dissolving  anhydrous  oxalic  acid 
in  this  with  the  aid  of  a  gentle  heat^  allowing  to  cool,  and  then  distilling  the 
portion  which  remains  liquid,  a  product  is  obtained  which  when  well  cooled 
solidifies  to  a  mass  of  crystals  of  anhydrous  Ibrmic  acid.  By  distilling  dehydrated 
oxalic  acid  with  glycerol,  a  75  per  cent,  solution  of  formic  acid  may  be  obtained 
directly,  but  on  account  of  the  frjothing  the  temperature  must  be  very  carefully 
watched. 

Anhydrous  formic  acid  may  also  be  prepared  by  decomposing  carefully  dried 
cupric  or  plumbic  formate — preferably  the  former — by  sulphuretted  hydrogen  at 
a  temperature  not  exceeding  loo**  (212°  F.). 
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The  decomposition  of  oxalic  acid  may  be  effected  in  a  similar  manner  by 
means  of  other  polyhydric  alcohols,  such  as  ethylenic  glycol,  erythrol,  rnannitol, 
dulcitol,  and  quercitol ;  the  temperature  of  commencing  decomposition  is  lower 
when  the  glycols  are  employed  than  with  glycerol,  but  with  erythrol  and  the 
other  alcohols  the  evolution  of  gas  commences  only  at  about  75°  (167°  F.) ; 
and  dulcitol  requires  a  higher  temperature  than  mannitol  (Lorin). 

Formic  acid  is  a  colourless,  inflammable,  highly  corrosive, 
pungent-smelling  liquid,  of  the  sp.  gr.  1*22  at  20°  (68°  F.) ;  it 
boils  at  about  100°  (212°  F.).  When  cooled  to  a  temperature 
below  0°  (32°  F.),  it  crystallizes  in  large  brilliant  plates,  melting 
at  8°-5  (47"*3  F.).  It  mixes  in  all  proportions  with  water, 
alcohol,  and  ether.  On  account  of  the  readiness  with  which  it 
undergoes  oxidation  to  carbonic  acid,  formic  acid  is  a  powerful 
reducing  agent :  thus,  when  it  is  heated  with  a  solution  of 
mercuric  chloride,  mercurous  chloride  is  precipitated ;  a  cold 
aqueous  solution  dissolves  mercuric  oxide,  but  when  the  liquid  is 
gently  heated,  white  micaceous  crystals  of  mercurous  formate  at 
once  separate,  and  carbonic  anhydride  is  evolved ;  whilst,  if  the . 
solution  be  boiled,  nothing  but  metallic  mercury  is  precipitated  ; 
similarly,  argentic  oxide  is  instantly  reduced  by  the  heated  acid,; 
but  is  dissolved  by  the  cold  acid.  Formic  acid  is  resolved  into 
carbonic  oxide  and  water  by  heating  gently  with  concentrated 
sulphuric  acid ;  chlorine  converts  it  into  hydrochloric  acid  and 
carbonic  anhydride. 

It  forms  with  water  an  unstable  '  hydrate,^  orthoformic 
acid,^  HC(0H)3,  which  boils  constantly  at  107°  (2  24°-6  F.)  under 
a  pressure  of  760  mm.  of  mercury  (Roscoe,  Jour.  Chem.  Soc,  xv. 
271);  when  distilled  under  a  lower  pressure  this  hydrate  loses 
acid,  and  when  distilled  under  a  higher  pressure  it  loses  water, 
the  boiling  point  falling  or  rising  accordingly,  but  all  mixtures  of 
formic  acid  and  water  ultimately  attain  approximately  the  com- 
position HC(0H)3  when  distilled  under  the  ordinary  atmospheric 
pressure. 

Formates. — These  are  mostly  easily  soluble  in  water.  The  most  charac- 
teristic are  cupric  formate,  (HC02)2Cu  +  4OH2,  which  forms  large  bright  blue 
monoclinic  prisms  ;  and  plumbic  formate,  (HCOJgPb,  which  crystallizes  in 
colourless   shining   rhombic  prisms.     Argentic   formate   is   white,   but  quickly 


*  Properly  speaking  this  compound  is  not  an  acid,  but  a  trihjdric  alcohol 
(acidhydrol),  homologous  with  glycerol  (glycerin),  bearing  the  same  relation 
to  the  parent  acid  that  the  aldehydrols  bear  to  the  aldehydes  (comp.  1491). 
So-called  ethylic  orthoformate,  HC  (OC^Hj),,  the  mixed  ether  derived  from  it 
and  ethylic  alcohol,  and  which  is  obtained  by  the  action  of  sodic  ethylate  on 
trichloromethane,  is  a  perf  ctly  stable  compound ;  it  is  a  colourless  liquid,  of 
pleasant  aromatic  odour,  almost  insoluble  in  water,  boiling  at  I46°(294°*8  F.). 
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turns  black  even  in  the  dark,  and  is  immediately  decomposed  when  heated. 
Basic  plumbic  formates  such  as  HCO^.Pb.O.Pb.CO^H  are  produced  on  boiling 
solutions  of  the  normal  salt  with  plumbic  oxide.  By  dissolving  potasssic  and 
sodic  formates  in  aqueous  formic  acid  and  evaporating  in  vacuo,  crystals  of  acid 
salts  are  obtained  which  may  be  regarded  as  derived  from  "  orthoformic  acid,"  thus  : 
HCO.Na  +  HCO^H  +  OH,  =  HC(ONa)(OH).O.CH(OHX ;  and  mixed  salts  con- 
taining copper  or  zinc  and  barium,  which  may  also  be  regarded  as  derivatives 
of  this  acid,  are  formed  on  evaporation  of  mixed  solutions  of  the  simple  salts. 
Solutions  of  formates  are  coloured  blood-red  by  the  addition  of  ferric  chloride. 
On  evaporating  in  vacuo  a  solution  of  ferrous  formate  oxidized  by  nitric  acid,  the 
basic  ferric  formonitrate  rea(HC02)2(N03)2(OH)2  is  deposited  in  red  iridescent 
crystals  ;  a  solution  of  ferrous  chloride  in  formic  acid  similarly  treated  yields  the 
compound  Yefi\.^(}:{CO^)^ ;  and  by  oxidizing  a  mixture  of  equivalent  quan- 
tities of  ferrous  formate  and  acetate  with  nitric  acid,  the  formacetonitrate 
1X(HC0J,(CH3.C0,)^(0H)2  is  produced. 

(1724)  Acetic  or  Ethylic  Acid  :  C2Hp2=CH3.COOH.— 
Acetic  acid  or  its  salts  occur  in  small  quantity  in  the  juices  of  many 
plants  and  in  several  animal  secretions.  It  may  be  formed  by 
the  methods  already  described  from  methane^,  eth aldehyde!,  and 
ethylic  alcohol.  On  exposing  sodic  methide  to  the  action  of 
carbonic  anhydride,  these  two  compounds  combine,  forming  sodic 
acetate  (Wanklyn) :  CH3Na  +  CO^=CH3.C02Na;  according  to 
Berthelot,  if  a  mixture  of  equal  volumes  of  acetylene  and  oxygen 
is  exposed  oyer  potassic  hydrate  solution,  it  is  gradually  ab- 
sorbed with  formation  of  potassic  acetate,  and  the  acid  itself  is 
formed  by  oxidation  of  acetylene  with  a  solution  of  pure  chromic 
acid.  On  the  large  scale,  acetic  acid  is  prepared  -either  by  the 
distillation  of  wood,  or  by  the  atmospheric  oxidation  of  a  dilute 
aqueous  solution  of  alcohol. 

In  preparing  it  by  the  former  method,  the  acid  liquid  which  distils  over 
(1285)  is  again  distilled,  and  the  portion  which  first  passes  over,  consisting 
chiefly  of  methylic  alcohol  and  acetone,  is  collected  apart ;  the  crude  acid  which  is 
afterwards  collected  is  neutralized  with  milk  of  lime,  and  the  resulting  impure  solu- 
tion of  calcic  acetate  is  mixed  with  a  solution  of  sodic  sulphate  :  the  solution  of 
sodic  acetate  thus  formed  is  drawn  off'  from  the  calcic  sulphate,  and  evaporated 
to  the  crystallization  point,  and  the  crystals  of  sodic  acetate  are  then  dried  and 
carefully  fused  in  order  to  expel  and  decompose  adherent  tarry  matter ;  finally 
the  fused  salt  is  recrystallized  from  water,  and  decomposed  by  distillation  with 
hydrochloric  or  sulphuric  acid.  To  obtain  the  anhydrous  acid,  dehydrated  sodic 
acetate  is  decomposed  by  the  equivalent  quantity  of  concentrated  sulphuric 
acid  (comp.  1690). 

In  Germany  and  other  countries  where  alcohol  is  cheap,  dilute  acetic  acid  is 
prepared  by  oxidation  of  alcohol,  which  is  effected  by  allowing  the  diluted  spirit 
to  trickle  slowly  over  a  large  surface  of  wood  shavings  or  birch  twigs  contained 
in  vats  of  suitable  construction  provided  with  a  row  of  apertures  near  the  bottom 
to  admit  air.  In  this  country  vinegar  [acetum)  is  prepared  in  a  similar  manner 
from  a  weak  malt-wort  which  has  been  allowed  to  ferment  in  contact  with  beer 
yeast.  The  formation  of  acetic  acid  in  this  manner  is  not  the  result  of  the 
immediate  oxidation  of  the  alcohol  by  the  atmospheric  oxygen,  nor  is  it  to  be 
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attributed  to  the  great  extent  of  surface  over  which  the  alcohol  is  spread,  but  it 
is  in  some  way  induced  by  a  microscopic  organism,  the  Mycoderma  aceti.  If 
this  organism  be  rigidly  excluded,  no  acetic  acid  whatever  is  formed,  however 
great  the  surface  over  which  the  dilute  alcohol  is  spread  (Pasteur;  A.  Mayer). 
Tiie  raycoderm  apparently  exercises  an  influence  similar^  that  of  hnelj 
divided  platinum,  and  quite  difierent  from  that  of  yeast  arm  other  microscopij^^" 
organisms  which  excite  fermentation.  f  T 'i  -  /  ^t* 

Pure  acetic  acid  forms  large  colourless  tr^s^rent  crysftlalS, J  7» 
melting  at  i6°7  (62°  F.) ;  in  the  liquid  state  itN^  a  colourles?^  . 
mobile,  pungent-smelling  substance,  boiling  at  118°  (^44^^4F%)>^ 
It  is  highly  corrosive,  and  raises  blisters  on  the  skin.  It  is 
miscible  in  all  proportions  with  water,  alcohol  and  ether,  and  is 
itself  a  good  solvent  for  many  substances.  According  to  Men- 
delefF,  acetic  acid  has  the  sp.  gr.  1-0607  at  15°  (59°  F.)  referred  to 
water  at  4°  (39°'2  F.).  On  diluting  the  acid  with  water,  the 
sp.  gr.  increases  up  to  a  certain  point,  but  according  to  Roscoe 
and  Oudemanns  the  maximum  density  of  mixtures  of  acetic  acid 
and  water  bears  no  relation  to  a  fixed  equivalent  proportion  of 
the  acid  and  water,  but  corresponds  to  a  different  proportion  for 
each  particular  temperature.  The  mixtures  which  exhibit  the 
maximum  density,  however,  are  not  far  removed  in  composition 
from  a  hydrate  of  the  formula  C2H402  +  OH2  =  CH3.C(OH)3,  and 
there  can  be  little  doubt  that  an  aqueous  solution  of  acetic  acid 
at  least  partially  consists  of  this  '  acidhydrol  /  it  is,  however,  a 
much  less  stable  compound  than  the  homologous  ^methacidhydroF 
derived  from  formic  acid,  mixtures  of  acetic  acid  and  water, 
whatever  the  proportions  of  the  constituents,  being  decomposed 
by  distillation  in  such  a  manner  as  ultimately  to  leave  a  residue 
of  the  almost  anhydrous  acid,  no  mixture  exhibiting  a  constant 
boiling  point  or  distilling  of  approximately  constant  composition 
(Roscoe).  The  mixed  ether  derived  from  '  ethacidhydroF  and 
ethylic  alcohol,  €113.0(002115)3,  obtained  by  heating  j3-trichlor- 
ethane,  CH3.CCI3,  with  sodic  ethylate  and  ether  in  sealed  tubes 
at  100° — 120°  (212° — 248°  F.),  is  a  colourless  liquid,  boiling  con- 
stantly at  142°  (287°-6  F.)  (Geuther,  Jahresb.,  1870,  6^6). 

At  temperatures  near  to  its  boiling  point,  under  the  ordinary 
pressure,  the  vapour  of  acetic  acid  has  a  density  considerably 
greater  than  corresponds  to  the  formula  C2H^02,  and  only  ex- 
hibits the  normal  density  at  about  250°  (482°  F.),  but  under  a 
pressure  of  about  20  mm.  the  vapour  has  nearly  its  normal 
density  even  at  ordinary  temperatures.  Hence  it  appears  that 
the  molecules  of  acetic  acid  vapour  are  not  similarly  constituted 
at  all  temperatures  and  under  all  pressures,  but  that  a  given 
quantity  of  acetic  acid  forms  a  smaller  number  of  molecules  at. 
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low  than  at  high  temperatures,  and  a  greater  number  of  molecules 
at  low  than  at  high  pressures  (comp.  Horstmann,  Deut.  chem.  Ges. 
Ber.,  iii.  78;  Naumann,  ibid.j  iii.  702).  It  is  not  improbable 
that  the  increased  density  is  due  to  the  presence  of  molecules  of 
the  formula  C^HgO^,  the  relation  of  which  to  the  simpler  molecules 
CgH^Og  may  be  expressed  by  the  formulae : 

CH3.COOH  CH3.C(OH)|^|C{OH).CH3; 

or  it  perhaps  results  merely  from  the  mean  distances  between  the 
molecules  being  less. 

Acetic  acid  is  a  very  stable  substance,  being  scarcely  affected 
by  ordinary  oxidizing  agents  or  concentrated  nitric  acid,  or  by 
fusion  with  alkalies.  On  passing  its  vapour  through  red-hot 
tubes  the  greater  part  remains  unaltered,  but  a  portion  is  decom- 
posed, dimethylketone  and  methane  being  the  principal  products. 
By  the  action  of  chlorine  in  sunshine,  it  is  converted  into  chlo- 
rinated derivatives,  brominated  derivatives  being  formed  by 
heating  it  with  bromine. 

Acetates. — Acetic  acid  forms  a  large  number  of  metallic  salts,  which  mostly 
crystallize  well  and  dissolve  readily  in  water.  In  addition  iothenormal  potassicsalt, 
KCjHjOg,  which  is  extremely  soluble  in  water  and  crystallizes  with  difficulty,  it 

forms  a  hy^peracid  salt :  KC,H^O,.C,Hp,  =  (?)  CH3.C(0K)  \  ^  I  C(0H).CH3, 

which  may  be  obtained  by  dissolving  the  normal  salt  in  an  excess  of  acid  and 
evaporating  the  solution;  it  crystallizes  in  long,  flattened  prisms,  melting  at 
148°  (298°"4  F.),  and  when  heated  to  about  200°  (392°  F.)  it  is  resolved  into 
the  normal  salt  and  acetic  acid.  The  corresponding  scdic  salt  is  similarly 
decomposed,  and  this  property  affords  a  convenient  means  of  obtaining  an- 
hydrous acetic  acid.  By  dissolving  potassic  acetate  in  boiling  acetic  anhydride, 
the  compound  2KC2Hg02.C^Hg03  is  said  to  be  produced  ;  it  crystallizes  in 
colourless  needles. 

Sodic  acetate,  NaCgHgO^  +  sOH^,  crystallizes  readily  in  large  efflorescent 
rhombic  prisms,  soluble  in  about  3  pts.  of  cold  water  ;  the  anhydrous  salt  melts 
at  288°  (55o°'4  F.),  and  begins  to  decompose  at  about  315°  (599°  F.).  Two 
hyperacid  sodic  salts  may  be  obtained,  NaC^HgO^.C^H^Oj  and  NaC2Hg02.2C2H^02 
(comp.  Lescoeur,  Compt.  Rend.,  Ixxxiv.  1029)  ;  and  by  dissolving  the  normal 
salt  in  boiling  acetic  anhydride,  Perkin  {Jour.  Chem.  Soc,  xxi.  185)  has 
detained  the  compound  NaC2Hg02.C^HgOg. 

Ammonic  acetate,  NH^C2H302,  is  formed  on  saturating  dry  acetic  acid  with 
ammonia  gas,  but  the  tendency  to  form  the  hyperacid  salt  is  so  great,  that  on 
evaporating  the  aqueous  solution  of  the  normal  salt,  ammonia  is  given  off',  and 
the  latter  remains.  On  distillation,  ammonic  acetate  is  resolved  into  water  and 
acetamide  :  CHg.COONH^  =  CHg.CO.NH^  +  OH^. 

Baric,  calcic  and  strontic  acetates  are  very  soluble,  but  crystallize  readily ; 
magnesic  acetate  crystallizes  with  difficulty. 

Argentic  acetate,  AgC^HgO^,  crystallizes  from  hot  water  in  thin,  flat, 
glistening,  flexible  needles;  it  dissolves  in  about  100  pts.  of  cold  water,  but  is 
somewhat  more  soluble  in  hot  water. 
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PJumbic  acetate  (sugar  of  lead),  Pb(C2H30.^)2  +  sOH.^,  crystallizes  in- 
efflorescent  monoclinic  prisms,  soluble  in  about  i;^  pts.  of  cold  water,  and  in 
about  8  pts.  of  alcohol;  the  aqueous  solution  has  an  intensely  sweet  astringent 
taste:  it  does  not  yield  a  precipitate  with  ammonia  in  the  cold,  but  is  partially 
decomposed  by  carbonic  acid.  By  digesting  the  solution  of  the  normal  acetate 
with  plumbic  oxide,  two  basic  plumbic  acetates  are  formed :  the  first 
[CH3.COO(PbOH)l  +  OH,  or  CH3.COO.Pb.O.Pb.O.COO.CH3  +  2OH,  is  pre- 
pared by  dissolving  the  requisite  amount  of  oxide  in  the  solution  of  the  acetate  ; 
the  second,  (CHg.COO.PbOj^Pb  by  boiling  a  solution  of  6  pts.  of  the  nornuil 
salt  with  7  pts.  of  the  oxide,  or  by  allowing  a  saturated  solution  of  the  normal 
salt  mixed  with  one-fifth  its  volume  of  ammonia  to  evjtporate :  it  forms  long 
silky  needles,  very  soluble  in  water,  but  insoluble  in  alcohol.  A  less  basic  salt 
is  said  to  be  formed  by  heating  the  normal  salt  until  it  melts  and  subsequently 
solidifies  in  a  white  porous  mass,  more  basic  salts  by  boiling  the  normal  salt  with 
an  excess  of  the  oxide  (comp.  Loew,  Jour.  pr.  Che'm.,  xcviii.  385).  The  basic 
salts  are  all  decomposed  by  carbonic  anhydride,  and  converted  into  the  normal 
salt  and  basic  carbonate  (white  lead) ;  they  furnish  precipitates  with  a  large  number 
of  hydroxyl  compounds  which  are  not  precipitated  by  the  normal  acetate. 

Cupric  acetate,  Cu(C2H30,)2,  below  8°  (46°'4  F.),  crystallizes  with  5  mols. 
of  water  in  large  blue  prisms,  but  above  this  temperature  it  forms  beautiful 
dark-green  crystals  containing  only  a  single  mol.  of  water  ;  its  aqueous  solution 
is  decomposed  by  boiling  with  separation  of  a  difficultly  soluble  basic  salt 
{Gvi{G^f)^^^.QnO),  of  which  several  are  known  corresponding  in  composition  to 
the  basic  plumbic  acetates.  Common  verdigris,  obtained  by  exposing  plates 
of  copper  to  the  air  in  contact  with  acetic  acid,  is  a  mixture  of  basic 
cupric  acetates,  the  blue  variety  consisting  chiefly  of  that  of  the  formula 
(Q^B.fi^\Qn£x\0),  and  the  green  of  that  of  the  formula  2(C,H30,)_,Cu.CuO. 

Neutral  solutions  of  acetates  are  coloured  red  by  ferric  chloride  in  conse- 
quence of  the  formation  of  ferric  acetate ;  this  salt  is  uncrystallizable  and  ex- 
tremely soluble.  On  boiling  its  solution,  a  basic  salt  is  precipitated,  the  liquid 
becoming  colourless.  The  basic  ferric  salts  have  been  examined  by  Scheurer- 
Kestner  (see  Watts'  Did.,  1st  Sup.),  who  has  also  prepared  an  interesting  series 
of  mixed  acetonitrates  such  as  the  tetracetodinitrate,  Fe(C2H302)^(N03)2,  by 
dissolving  ferric  hydrate  in  mixtures  of  acetic  and  nitric  acid  in  various 
proportions. 

Aluminic  acetate  is  of  importance  on  account  of  its  employment  in  cmUco 
printing,  for  which  purpose  it  is  prepared  by  precipitating  a  solution  of  alura 
with  one  of  plumbic  acetate;  the  liquid  is  thickened  by  gum  or  other  suitable 
material,  and  with  it  the  design  is  impressed  upon  the  cloth.  On  exposure  to 
a  moderate  degree  of  heat,  the  acetate  is  decomposed,  acetic  acid  being  given  off 
and  alumina  remaining  in  a  state  capable  of  entering  into  combination  with  the 
colouring  matter.  According  to  Crum  {Jour.  Chem.  Sac,  vi.  2i6),  the  normal 
acetate  cannot  be  isolated  from  such  a  solution,  and  its  existence  therein  is  even 
doubtful;  but  if,  for  example,  the  liquid  be  evaporated  at  a  low  temperature  with 
sufficient  rapidity,  by  spreading  it  in  a  thin  layer  over  sheets  of  glass  heated 
to  not  more  than  37°*5  (99°'5  F.),  a  substance  is  obtained  which  is 
readily  dissolved  by  water  consisting  apparently  of  the  hydrated  basic,  salt 
Al(OH)2(C2H30J^.  If,  however,  a  solution  containing  about  5  per  cent,  of 
alumina  is  set  aside  at  a  temperature  of  15° — 21°  (59° — 69°'8  F.),  it  begins 
after  four  or  five  days  to  deposit  a  crust,  and  if  the  solution  be  heated  it 
deposits  a  heavy  white  powder ;  these  substances  are  apparently  basic  tetracetates 
like  the  preceding,  but  having  different  amounts  of  water  associated  with  them, 
and  they  are  insoluble  in  water.  By  the  continued  action  of  heat  on  a  weak 
solution  of  the  soluble  tetracetate,  this  salt  is  almost  entirely  decomposed ;  but. 


828  ACIDS  OF  THE  ACETIC   SERIES.  ["^J^S- 

the  alumina  remains  in  solution,  and  as  thus  prepared,  it  no  longer  possesses  the 
power  of  acting  as  a  mordant.  Graham  has  shown  that  if  such  a  solution  be 
dialysed,  almost  the  whole  ol'  the  acid  is  removed,  and  a  solution  is  obtained  whiqh 
is  coagulated  by  minute  quantities  of  acids,  of  alkalies  and  of  most  salts  j  the 
precipitate,  moreover,  is  insoluble  in  acids. 

(1725)  Propionic  or  Propylic  Acid;  methaceiic  acid: 
€311^02  =  CH3.CH2.COOH.— Originally  this  acid  was  termed 
metacttonic  acid,  having  been  first  obtained  by  Gottlieb  in  1844 
by  oxidation  of  metacetone  (p.  y^^)',  it  may  be  formed  by  the 
general  methods  already  described  from  ethane,  ethylic  alcohol, 
propylic  alcohol  and  propaldehyde,  and  in  many  other  ways 
besides ;  for  example,  as  sodic  salt  by  the  direct  combination 
of  carbonic  anhydride  and  sodic  ethide :  CO^  +  NaCgH^ 
=  C2Hg.C00Na  (Wanklyn);  in  minute  quantity  as  potassic  salt 
by  the  combination  of  carbonic  monoxide  with  potassic  ethylate  ; 
CO  +  C2H5.0K  =  C2H5COOK  (Hagemann,  Deut.  chem.  Ges.  Ber., 
iv.  877);  by  heating  ordinary  lactic  acid,  CH3.CH(0H).C00H, 
with  a  concentrated  solution  of  hydriodic  acid;  by  heating 
isosuccinie  acid  to  fusion:  CH3.CH(COOH)2=CH3.CH.COOH 
H-COo;  and  as  ethylic  salt  by  heating  ethylic  acetomethacetate^ 
CH3.CO.CH(CH3).COOCJi5,  with  sodic  ethylate. 

It  is  usually  prepared  by  oxidation  of  propylic  alcohol,  or 
from  cyanethane  (comp.  Linnemann,  Ann.  Ckem.  Pharm., 
cxlviii.  251;  Philippi  and  ToUens,  ibid.,  clxxi.  315;  Beckurt 
and  Otto,  Deut.  chem.  Ges.  Ber.,  x.  262);  according  to  Freund 
(Jour.  pr.  Chem.  [2],  v.  446),  it  may  conveniently  be  prepared 
by  the  reduction  of  lactic  acid  with  hydriodic  acid. 

Propionic  acid  closely  resembles  acetic  acid  in  its  properties ; 
it  boils  at  I40°7  (2  85°-3  ^')>  and  at  19°  (66^*2  F.)  has  the 
sp.  gr.  •9961  (Linnemann).  It  does  not  solidify  when  cooled  to 
—2 1°  (-5°  8  ¥.).  It  is  miscible  with  water  in  all  proportions,  and  is 
not  separated  from  the  solution  by  salts ;  the  anhydrous  acid 
absorbs  water  on  exposure  to  moist  air. 

Propionates. — The  haric  and  calcic  salts  are  both  soluble  in  less  than  2  pts. 
of  water  at  17°  (62°'6  F.).  Argentic  propionate,  O^H^.COOAg,  crystallizes 
from  water,  according  to  the  concentration  of  the  solution,  either  in  plates  or 
needles,  the  latter  being  occasiunally  grouped  in  bundles  which  are  often 
extremely  small;  i  pt.  dissolves  in  119  pts.  of  water  at  18°  (64°*4  F.), 
Plumbic  propionate  is  easily  soluble  and  amorphous.  If  its  solution  is 
evaporated  to  dryness  with  an  excess  of  plumbic  oxide,  a  basic  salt, 
3(C2H^.C02)2.Pb+  2PbO,  is  produced  which  may  be  extracted  with  cold  water, 
and  on  boiling  aiid  well  stirring  the  filtered  liquid,  it  is  again  suddenly  deposited  ; 
by  means  of  this  salt  propionic  acid  may  readily  be  distinguished  and  separated 
from  iormic  and  acetic  acids,  which  yield  basic  salts  insoluble  in  cold  water, 
whereas  the  salt  in  question  requires  only  8—10  pts.  of  water  at  I4''(57°'2  F.) 
to  dissolve  it  (Linnemann,  Ann.  Chem.  Pharm.,i:\x.  218J. 
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(1726)  Tetrylic  or  Butyric  Acids:  C^HgO^. — Both  the 
possible  acids  of  the  formula  CgH^.COOH  are  known — viz.,  normal 
[primary)  butyric  or  ethacetic  acid,  CH^.CHg.CHg.COOH,  andi^o- 
or  secondary  butyric  or  aimethacetic  acid,  CH(CH3)2.COOH.        ' 

Normal  butyric  acid  may  be  formed  from  normal  tetrane, 
normal  primary  butylic  alcohol  and  tetraldehyde,  normal  pj'opylic 
alcohol,  and  ethylic  acetoethacetate  by  the  general  methods ;  it 
is  produced  in  small  quantity,  together  with  its  lower  homologues, 
by  oxidation  of  albuminous  substances,  and  from  many  other 
substances  by  oxidation  or  by  the  action  of  fused  potassic  hydrate 
(comp.  Griinzweig,  ibid.,  clxii.  193).  It  is  produced  in  consi- 
derable quantity,  together  with  acetic  and  caproic  acids,  by  fer- 
mentation of  lactic  acid,  and  is  most  readily  prepared  in  this 
way ;  tartaric  acid  and  a  number  of  other  substances  also  furnish 
this  acid  on  fermentation.  It  occurs  in  small  quantity  as  glyceric 
salt  in  butter,  whence  the  name  butyric  acid  :  in  various  animal 
secretions,  probably  in  the  form  of  sodic  salt ;  and  in  the  free 
state  in  perspiration,  and  the  secretions  of  many  insects.  The 
oils  from  the  fruit  of  various  species  of  Umbelliferce  also  contain 
ethereal  salts  of  butyric  acid  :  ethylic  butyrate  being  a  constituent 
of  the  oils  of  Heracleum  giganteum  and  H.  spondylium,  hexylic 
butyrate  being  also  present  in  the  latter ;  the  oil  from  the  seeds 
of  the  common  parsnep  (Pastinaca  saliva)  consists  chiefly  of 
octylic  butyrate  (comp.  Moslinger,  ibid.,  clxxxv.  26). 

In  the  pure  state  butyric  acid  is  a  colourless  liquid,  having 
an  odour  similar  to  that  of  acetic  acid,  and  only  exhibits  a  rancid 
odour  when  volatilized  or  diluted  ;  it  boils  at  i62°4.  (324°'3  F.), 
and  at  14°  (57°*2  F.)  has  the  sp.  gr.  '958 ;  when  cooled  it 
solidifies  to  a  mass  of  crystals,  which  melt  at  about  0°  (32°  F.) 
(Linnemann).  It  dissolves  in  water  in  all  proportions,  but  may 
be  separated  by  the  addition  of  soluble  salts ;  the  acid  thus 
separated,  however,  retains  a  considerable  quantity  of  water,  and 
probably,  at  least  in  part,  consists  of  the  hydrate  CgH^.COOH 
4-OH2  =  C3H^.C(OH)3.  It  is  oxidized  with  very  considerable 
difficulty,  but  by  heating  it  for  some  time  with  an  excess  of 
chromic  aqid  mixture  it  is  completely  converted  into  water, 
acetic  acid  and  carbonic  anhydride  (Griinzweig)  ;  by  long-con- 
tinued boiling  with  nitric  acid  (sp.  gr.  i'4)  it  is  oxidized  to  succinic 
acid,  COOH.CH2.CH2.COOH  (Erlenmeyer,  Sigel  and  Belli,  ibid., 
clxxx.  207). 

Bv,tyrates. — Calcic  butyrate,  [Q^^.QO^pa.  +  OH2,  crystallizes  on  spon- 
taneous evaporation  of  its  aqueous  solution  in  rhombic  plates  or  broad  ^^listening 
needles  grouped  in  bundles ;  it  dissolves  iu  about  7,\  pts.  of  cold  water,  but  is 
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much  less  soluble  in  hot  water,  a  cold  saturated  solution  becoming  almost  solid 
from  separation  of  the  salt  when  heated  in  the  water  bath.  Erlenraeyer  has 
observed  that  when  a  tube  containing  a  cold  saturated  solution  of  this  salt  was 
heated  perhaps  30  or  40  times  at  intervals  during  a  period  of  about  10  years, 
the  calcic  salt  of  isobutyric  acid  was  produced,  about  y\y  to  -^-^  of  the  normal 
salt  undergoing  this  change;  as  this  was  not  observed  to  take  place  when  a 
solution  was  boiled  for  8  days,  it  appears  probable  that  time  is  of  influence 
{ibid.,  clxxi.  126). 

Argentichutyrate,  CgHy.COOAg,  mostly  crystallizes  from  a  hot  saturated  so- 
lution in  bundles  or  cauliflower-like  groups  of  glistenii?g  plates,  soluble  in  about 
72  pts.  of  boiling  water  and  in  about  200  pts.  of  water  at  14°  (57°"2  F.)  ;  the 
character  of  the  crystals  is  much  influenced  by  the  presence  of  small  quantities 
of  the  salts  of  homologous  acids,  traces  of  acetate  causing  them  to  assume  moss- 
like forms.  Zincic  hutyrate,  {Q,^^S^Q)^^w  +  2OH2,  forms  flat  monoclinic 
prisms,  which  effloresce  on  exposure  to  the  air;  it  dissolves  in  about  10  pts  of 
cold  water ;  on  evaporating  its  aqueous  solution  a  basic  salt  separates.  Many 
of  the  butyrates  and  acetates  crystallize  together,  forming  double  salts. 

Isobutyric  acid  occurs  together  witli  formic,  acetic,  propionic 
and  benzoic  acids  in  the  banana,  the  fruit  of  Cei^atonia  siliqua 
(Griiuzweig)  ;  it  may  be  produced  by  oxidation  of  isobutylic 
alcohol  and  isobutyric  aldehyde,  from  isopropylic  alcohol,  by  con- 
verting it  into  the  cyanide,  &c.,  and  by  heating  ethylic  acetodi- 
methacetate,  CH3.CO.C(CH3)2.COOC2H5,  with  sodic  ethylate. 
It  exactly  resembles  the  normal  acid  in  odour,  but  boils  at  154° 
(309°- 2  ¥.),  and  at  20°  (68°  F.)  has  the  sp.  gr.  '9503 ;  it  is  soluble 
in  five  times  its  weight  of  water  at  20°  (68°  F.).  Isobutyric  acid 
is  much  more  readily  oxidized  by  chromic  acid  mixture  than 
butyric  acid,  but  furnishes  the  same  products  (Griiuzweig). 

Isohutyrates. — Calcic  isobutyrate,  {Cfi^.QO^pa.+  c^OH,^,  crystallizes  in 
monoclinic  prisms,  and  is  distinguished  from  the  isomeric  salt  by  being  much 
more  soluble  in  hot  than  in  cold  water.  Argentic  isobutyrate,  C^Hy.COOAg, 
forms  transparent  plites,  and  requires  only  no  pts.  of  water  at  16°  (6o°'8  F.) 
for  its  solution.  Zincic  isobutyrate,  (C3Hy.C02)2Zn  +  OH^,  is  rapidly  decom- 
posed by  boiling  its  aqueous  solution  with  separation  of  a  basic  salt. 

"(1727)  Pentylic  or  Valeric  Acids:  CgHjoOg. — The  four 
possible  isomeric  pentylic  acids  have  all  been  obtained.  Normal 
primary  valeric  acid,  or  propacetic  acid:  CHg.CHg.CHg.CHg.COOH, 
was  first  obtained  by  Lieben  and  Rossi  {ibid.,  clix.  58)  from 
butylic  cyanide  from  normal  butylic  alcohol;  it  has  also  been 
obtained  by  oxidation  of  normal  primary  amylic  alcohol  from 
normal  pentane  and  of  methylamylketone  (Schorlemmer),  and  by 
oxidation  of  a-oxycaproic  acid  (Erlenmeyer,  Deut.  chem.  Ges.  Ber., 
ix.  1839).  In  odour  it  more  closely  resembles  butyric  acid  than 
ordinary  valeric  acid;  it  boils  at  184° — 185°  (363°'2 — 365°  F.) 
under  a  pressure  of  736  mm.  of  mercury,  and  at  0°  (32°  F.)  has 
the   sp.   gr.   '957.      It   does   not   solidify  when    cooled    to   —16° 
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(3°  2  F.).  It  requires  about  twenty-seven  times  its  volume  of 
water  for  its  solution,  and  itself  dissolves  about  i-ioth  its  volume 
of  water,  but  may  be  dehydrated  by  distillation. 

Valerates. — Calcic  valerate,  (C^Hg.COj^Ca  +  OH^,  forms  glistening  scales, 
and  like  calcic  butyrate  is  more  soluble  in  cold  than  in  hot  water,  the  point  of  least 
solubility  being  about  70°  (158°  F.) ;  although  the  crystals  which  separate 
on  cooling  a  boiling  saturated  solution,  or  heating  a  cold  saturated  solution,  to 
this  temperature  are  in  great  part  redissolved  as  the  solution  is  further  cooled  or 
heated,  there  is  always  a  certain  residue,  and  it  would  appear  probable  therefore 
that  a  basic  salt  is  produced.  Baric  valerate  crystallizes  in  small  anhydrous 
plates,  soluble  in  six  times  their  weight  of  water  at  10°  (50°  F.),  and  more 
fcoluble  in  hot  water. 

Isoprimary  valeric  or  isopropacetic  acid  ;  ordinary  valeric  or 
valerianic  acid:  CH(CH3)2.CH2.COOH. — This  acid  occurs  in 
valerian  and  angelica  root,  and  in  the  berries  and  bark  of  the 
guelder  rose  ( Viburnum  opulis) ;  it  is  a  product  of  the  decay  of 
albuminous  substances.  It  may  be  formed  by  oxidation  of  the 
optically  inactive  isoprimary  amylic  alcohol  contained  in  fusel 
oil,  and  from  isobutylic  alcohol  by  conversion  into  isobutylic 
cyanide,  &c.  (Erlenmeyer  and  Hell,  Ann.  Chem.  Pharm.,  clx.  257), 
also  from  ethylic  acetoisopropacetate,  CH3.CO.CH(C3Hy)^.COOH  ; 
and  on  oxidation  of  leucin  or  amidocaproic  acid  (q.  v.).  Isoprop- 
acetic acid  is  a  thin  oily  liquid,  of  peculiar  unpleasant  odour 
like  that  of  decayed  cheese;  it  boils  at  about  175°  (347°  F.),  and 
at  0°  (32°  F.)  has  the  sp.  gr.  '947.  It  is  slightly  more  soluble  in 
water  than  propacetic  acid,  which  cannot  be  completely  dehy- 
drated by  distillation  j  when  boiled  with  chromic  acid  mixture,  it 
is  oxidized  to  acetic  acid,  carbonic  anhydride  and  water. 

Isovalerates. — Argentic  isopropacetate,  C^Hg.COOAg,  crystallizes  from  solu- 
tions containing  free  acid,  especially  acetic  acid,  in  large  glistening  plates,  which 
dissolve  in  540  pts.  of  water  at  20°  (68°  F.)  The  baric  salt,  (C^H^COj^Ba, 
crystallizes  readily  either  in  thin  narrow  triclinic  prisms  or  larger  broader 
plates;  it  dissolves  in  about  its  own  weight  of  water  at  22°  (7i°"6  F.). 

Secondary  valeric  or  methethacetic  acid ;  optically  active  valeric 
acid:  CH3.CH(C2H5).COOH.— This  modification  is  formed  by 
oxidation  of  the  optically  active  amylic  alcohol  contained  in  fusel 
oil  (comp.  1438);  according  to  Erlenmeyer  and  Hell,  it  is  also 
present  in  the  acid  from  valerian  root,  and  is  produced  together 
with  the  isoprimary  acid  by  oxidation  of  amidocaproic  acid  or 
leucin.  It  has  been  obtained  in  a  pure  state  by  Saur  from 
ethylic  acetomethethacetate,  CH3.CO.C(CH3)(C2H5).COOC2H,,  by 
distillation  with  sodic  ethylate  and  sajjonification  of  the  resulting 
ethylic  salt  {Ann.  Chem.  Pharm.,  clxxxviii.  257).      The  acid  thus 
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prepared  is  a  thin  liquid  of  less  unpleasant  odour  than  ordinary- 
valeric  acid,  boiling  at  173°  (343°"4  F.)  ;  it  does  not  mix  in  all 
proportions  with  water,  but  is  dehydrated  with  difficulty.  The 
acid  formed  by  synthesis  appears  to  differ  from  that  obtained  in 
other  ways,  by  being  optically  inactive,  but  this  is  the  only  dis- 
tinction. It  has  not  been  ascertained  whether  the  synthetic  acid 
is  optically  active;  the  most  active  specimen  as  yet  prepared  by 
oxidation  of  amylic  alcohol  had  the  rotatory  power  (a)j,=  -f-6i°2 
(Ley).  According  to  Erlenmeyer  and  Hill,  the  active  acid  be- 
comes inactive  on  heating  with  a  small  quantity  of  sulphuric  acid 
at  250°  (482°  F.),  but  is  otherwise  unaltered  in  its  properties. 

Metheihacetates. — Argentic  metJiethacetate  crystallizes  from  hot  water  in 
needles  grouped  in  feather-like  forms,  almost  insoluble  in  cold  water,  but  its 
most  characteristic  salt  is  that  of  barium,  which  cannot  be  crystallized,  but 
remains  as  a  gummy  mass  on  evaporation  of  its  solutions. 

Tertiary  valeric  or  trimethacetic  acid :  C(CH3)3.COOH. — This 
acid  was  first  prepared  by  Butlerow  by  displacing  the  OH  group 
in  trimethylcarbinol,  C(CH3)3.0H,  by  COOH  (ibid.j  clxv.  322  ; 
clxx.  151  ;  clxxiv.  '^^^) ;  it  has  also  been  obtained  by  oxidation  of 
methyl  tertiary-butyl  ketone  or  pinacolin  (1676),  and  of  the 
homologous  ethyl  tertiary-butyl  ketone  (Wischnegradsky,  ibid., 
clxxviii.  103),  and  by  oxidation  of  the  tertiary  octylcarbinol, 
C(CH3)3.CH2.C(CH3)2.0H  (Butlerow,  ibid.,  clxxxix.  44.) 

To  prepare  it,  a  mixture  of  100  pts.  of  the  iodotrimethylmetliane,  CI(CHg)g, 
obtained  by  the  action  of  hydriodic  acid  on  trimethylcarbinul,  or  by  combining 
/3-dimethylethylene  (isobutylene)  with  hydriodic  acid,  no  pts.  of  mercuric 
potassic  cyanide,  HgKj,(CN)^,  and  75  pts.  of  dry  talc  powder,  is  placed  in  a 
vessel  surrounded  by  water  the  temperature  of  which  is  not  allowed  to  rise 
above  5°  (41°  F.) ;  by  this  means,  the  formation  of  isobutylene  is  almost  entirely 
avoided,  but  a  considerable  quantity  of  a  resinous  substance  is  always  produced. 
After  two  or  three  days,  when  the  action  is  complete,  water  is  added  and  the 
product  distilled  off  from  the  oil  bath,  and  the  oily  dir^tillate  is  mixed  with 
about  an  equal  volume  of  fuming  hydrochloric  acid,  and  heated  in  closed  tubes  for 
several  hours  at  100°  (212°  F.);  the  contents  of  the  tubes  is  then  mixed  with 
water,  and  the  oil  separated  from  the  aqueous  solution,  the  small  amount  of  acid 
remaining  in  solution  being  recovered  by  distilling  the  liquid  and  saturating  the 
distillate  with  sodic  sulphate.  The  crude  acid  is  treated  with  a  solution  of  sodis 
hydrate,  the  solution  separated  from  undissolved  oil,  evaporated  to  dryness,  the 
residue  dissolved  in  a  small  quantity  of  water,  and  decomposed  with  sulphuric 
acid  diluted  with  twice  its  weight  of  water;  the  acid  thus  obtained  is  further 
purified  by  conversion  into  the  magnesic  or  zincic  salt,  and  finally  is  dehydrated 
by  means  of  phosphoric  anhydride.  This  process,  however,  furnishes  only  about 
one-fourth  the  theoretical  amount. 

Trimethacetic  acid  is  solid  at  ordinary  temperatures :  the 
crystallized  acid  forms  angular  lamellae  consisting  of  small 
needles  ranged  at  right  angles  from  a  common  axis;  it  is  semi- 
transparent,    but    when    cooled   below   0°   (32°   F.)    it    becomes 
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opaqucj  being  converted  into  a  mass  of  silky  needles  radiating 
from  a  common  centre.  Both  forms  belong  to  the  regular 
system.  It  melts  at  35°-4  (93°' 7  F.),  and  boils  at  ^6f'H 
(326°'9  F.).  The  fused  acid  is  a  colourless  oil,  of  the  sp.  gr.  -905 
at  50°  (122  F.),  soluble  in  about  40  times  its  weight  of  water. 

Trimethacetates. — Trimethacetic  acid  furnishes  a  number  of  highly  charac- 
teristic salts,  most  of  which,  although  soluble  in  water,  are  with  difficulty  wetted 
by  it ;  most  of  them  readily  lose  acid  when  boiled  with  water.  On  adding  a 
concentrated  solution  of  potassic  hydrate  or  carbonate  to  the  acid,  the  mixture 
becomes  solid  at  a  certain  point,  but  the  crystals  dissolve  on  warming,  and  as  the 
solution  cools,  fine  long  needles,  grouped  in  stars,  separate  out,  consisting  of  the 
acid  potassic  salt,  C.HgKO,^  +  2Gfi^fi—{?0fi^.clOK){Gfi^.QOO)^).  Baric 
trimethacetate  {C^^.G0^)^B2i  +  sOH^,  and  calcic  trimethacetate^  (C^Hj.COJ^Ca 
4-  5OH2,  crystallize  in  needles  or  prisms;  the  former  is  very  soluble  in  water; 
the  latter  moderately  so.  Magnesic  trimethacetate,  {QJl^.QO^^cr  +  SOH^, 
forms  large  thin  transparent  plates.  Zincic  trimethacetate,  (C^Hg.CO  ),,Zn  + 
OHg,  crystallizes  in  large  glistening  scales,  difficultly  soluble  in  water;  on 
warming  a  cold  saturated  solution,  it  gelatinizes,  owing  to  the  separation  of  a 
basic  salt,  QJl^.COj^7in.0H),  which  redissolves  entirely  as  the  solution  cools, 
if  none  of  the  acid  has  been  allowed  to  escape.  Argentic  trimethacetate, 
C^Hj^.COOAg,  is  obtained  as  a  very  voluminous  precipitate  on  the  addition  of 
argentic  nitrate  to  moderatel}"^  concentrated  solutions  of  other  trimethacetates ;  it  is 
difficultly  soluble  in  water,  more  soluble  in  alcohol,  and  separates  from  the 
former  in  crystals  resembling  those  of  argentic  acetate,  when  the  solution  is 
allowed  to  evaporate  spontaneously.  A  number  of  other  trimethacetates  have 
been  described  by  Butlerow. 

(1728)  Hexylic  or  Caproic  Acids:  CgHjgOg. — Of  the  eight 
possible  forms  of  this  acid  five  are  at  present  known. 

Normal  {primary)  Sext/lic  or  Caproic  Acid;  Normal  Tetrylacetic  Acid : 
CHg.CH^.CHg.CH^.CH^.COOH,  has  been  obtained  from  normal  primary  amylic 
alcohol  by  displacing  the  OH  group  by  COOH  in  the  usual  manner  (Lieben  and 
Rossi),  and  by  oxidation  of  normal  primary  hexylic  alcohol  (Franchimont  and 
Zincke) ;  it  occurs  in  small  quantity  as  octylic  salt  in  the  oils  of  Heracleum 
sphondylium  and  JPastinaca  sativa.  The  caproic  acid  present  in  the  free 
state  in  perspiration,  as  glyceric  salt  in  butter,  cocoa-nut  oil  (in  considerable 
amount),  and  other  fatty  substances,  and  which  is  obtained  by  oxidation  of  albu- 
minous bodies  and  fats,  is  probably  the  normal  acid.  It  is  formed  together  with 
acetic  and  butyric  acids  by  fermentation  of  lactic  acid,  and  is  most  readily  pre- 
pared in  this  manner,  being  separated  from  these  acids  by  fractional  distillation 
and  washing  with  water,  in  which  it  is  only  slightly  soluble. 

Normal  caproic  acid  is  a  colourless  mobile  oil,  of  pungent,  unpleasant  odour, 
boiling  at  about  205°  (401°  F.) ;  of  the  sp.  gr.  -945  at  '0°  (32°  F.);  when 
strongly  cooled  it  solidifies  to  a  white  crystalline  mass,  melting  at  about  — 2° 
(28°*4  F.)  It  forms  a  crystalline  compound  with  calcic  chloride,  a  property 
which  it  apparently  shares  with  its  lower  homologues  (Lieben  and  Janeck).  By 
oxidation  with  nitric  acid  it  is  resolved  into  succinic  and  acetic  acids  (Erlen- 
meyer,  Sigel  and  Belli)  : 

CH3.CH,.CH,.CH,.CH,.C00H   +    5(0    +    OH,)    = 

CH3COOH    +   COOH.CH,.CH,.COOH    +   60H,. 

Caproates. —  Calcic  caproa^e,  (C^H^^COJ^Ca  +  OH^,  forms  long  very  thin 
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glistening  prismatic  plates;  100  pts,  of  a  solution  saturated  at  i8°'5  (65*3  F.) 
contain  2 "7  pts.  of  the  anhydrous  salt,  and  it  is  only  slightly  more  soluble  in 
hot  water.  Baric  caproate  forms  indistinct  crystals,  which  apparently  are 
sometimes  anhydrous,  and  sometimes  contain  water  of  crystallization ;  its  solu- 
bility is  variously  stated  at  8 — 12  pts.  of  anhydrous  salt  in  100  pts.  of  the 
solution  saturated  at  about  20°  (68°  F.)  (comp.  Lieben  and  Janeck,  ibid., 
clxxxvii,  126;  Erlenmeyer,  ibid.,  clxxx.  215). 

Isoprimary  Sexylic  or  Cajproic  Acid;  Isoprimary  Tetrylacetic  Acid: 
(CH3)2CH.CH2.CH2.COOH,  has  been  obtained  by  saponification  of  ethylic 
acetoisotetrylacetate  (Rohn,  ibid.,  cxc.  316);  by  displacing  the  OH  group  in 
the  inactive  amylic  alcohol  of  fusel  oil  by  COOH  (Lieben  and  Rossi),  and 
as  sodic  salt  by  the  combination  of  carbonic  anhydride  with  the  compound 
NaCgHj^  prepared  from  this  alcohol  (Wanklyn  and  Schenck),  but  the  acid  thus 
obtained  is  impure ;  and  by  heating  pyroterebic  acid  with  hydriodic  acid 
(Mielck,  ibid.,  clxxx.  57).  It  is  a  colourless  oil  of  unpleasant  odour;  boiling 
at  about  199°  {390°2  F.),  of  the  sp.gr.  -931  at  0°  (32°  F.) ;  it  does  not 
solidify  when  cooled  to  —  18°  (0-4°  F.). 

Isocaproates. — According  to  Rohn,  the  calcic  and  baric  salt  both  crystallize 
in  anhydrous  needles  grouped  in  bundles,  whereas  Lieben  and  Rossi  and 
Mielck  state  that  the  calcic  salt  contains  3  mols.  of  water,  and  the  baric  salt 
one  or  two ;  the  statements  as  to  the  solubility  of  these  salts  are  also  very 
discrepant. 

Secondary  Hexylic  Acid. — Diethacetic  acid:  (C2Hg)2CH.COOH,  obtained 
by  saponification  of  ethylic  acetodiethacetate,  (yR^.QO.C{Q^^.^.Q00Q^^,  or  by 
dry  distillation  of  the  dieth oxybutyria  acid,  CH3.CH(OH).C(C2H^)2.COOH,is  an 
oil  of  peculiar  odour  quite  different  from  that  of  the  normal  acid.  The  silver  salt 
crystallizes  in  silky  asbestos-like  needles  united  in  forms  resembling  fern  fronds : 
it  is  as  soluble  as  argentic  acetate,  and  rapidly  blackens  on  exposure  to  light, 
whereas  the  salt  of  the  normal  acid  is  scarcely  affected  by  light.  The  baric 
salt  also  crystallizes  well  (Frankland  and  Duppa;  Schnapp,  Deut.  chem.  Ges. 
Ber.,  x.,  1953). 

Tertiary  Hexylic  Acid.—Bimethethacetic  Acid:  {GYiX^i^fi^-^OOR, 
is  prepared  from  dimethylethylcarbinol  in  precisely  the  same  way  that 
tertiary  valeric  acid  is  from  trimethylcarbinol.  The  isocaproic  acid  obtained 
by  Markownikoff"  (^Zeits.  Chem.  [2],  ii.  502)  from  amylene  was  probably  this 
acid  in  an  impure  state.  Dimethacetic  acid  is  a  colourless  liquid  insoluble  in 
water,  bavins:  a  slight  odour  like  that  of  the  other  acids  of  the  series,  boiling  at 
187''  (368°  6  F.) ;  it  solidifies  at  low  temperatures,  and  melts  at  —  I4°(6°*8  F.). 
The  baric  salt,  (C5H^^.C02)2Ba  4-  5OH2,  crystallizes  in  large  transparent  plates, 
easily  soluble  in  water.  The  zincic  salt,  {Q^^^.CO^^n,  crystallizes  in  trans- 
parent prisms,  and  behaves  like  that  of  trimethacetic  acid  on  heating  its  cold 
saturated  solution.  The  silver  salt  crystallizes  from  a  hot  saturated  solution  in 
fine  silky  needles,  quite  different  from  the  trimethacetate.  The  magnesic  salt 
is  extremely  soluble  and  does  not  crystallize  (Wischnegradsky,  Ann.  Chem. 
Pharm.,  clxxiv,  56). 

(1729)  Heptylic  or  OEnanthylic  Acid:  C^H^^Og. — Only  one 
of  the  large  number  (17)  of  possible  heptylic  acids  bas  been 
investigated. 

Normal  {primary)  Septylic  or  (Enanthylic  Acid:  CHg.(CH2)5.COOIT,  is 
obtained  by  oxidation  of  normal  heptylic  alcohol  and  of  normal  heptylic  alde- 
hyde (cenanthol),  and  by  displacing  the  OH  group  in  normal  hexylic  alcohol  b}' 
COOH  ;  it  is  also  formed  on  oxidation  of  castor  oil  and  oleic  acid  ;  it  is  most  readily 
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prepared  by  oxidation  of  cen an th aldehyde  (comp.  Grimshaw  and  Schorlemmer, 

Jour.  Chem.  Soc,  xxvi.  1073).     It  is  a  limpid  oily  liquid,  boiling  at  223° 224° 

(433°*4— 435°'2  F.),  of  the  sp.  gr.  -9345  at  0°  (32°  F.).     When  cooled  it  solidi- 
fies in  the  form  of  plates  or  large  broad  needles,  melting  at  —  io°'5  (i3°'i  F.). 

Heptylates. — The  harie  salt  crystallizes  from  a  hot  concentrated  solution  in 
small  very  thin  anhydrous  plates;  100  pts.  of  a  solution  saturated  at  I2°(53°.6F.) 
contain  17  pts.  of  the  salt.  Calcic  heptylate,  (CgH^g.COJ^Ca  +  OH  ,  forms 
very  thin  flat  needles,  soluble  in  about  100  pts.  of  cold  water.  Argentic 
heptylate  crystallizes  in  small  woolly  needles,  sparingly  soluble  in  hot  water.  A 
number  of  other  salts  have  been  described  by  Grimshaw  and  Schorlemmer. 

By  the  action  of  sodium  on  ethylic  acetate,  and  then  of  the  iodide  from 
fermentation  amylic  alcohol  on  the  product,  Frankland  and  Duppa  obtained  an 
isopentyl  (amyl)  acetic  acid,  but  its  properties  have  not  been  described. 

Schneider  has  described  {^Ann.  Chem.  Pharm.,  clvii.  206)  under  the  name 
of  amethenic  acid  an  acid  of  the  formula  CyH^^O^,  obtained  by  oxidation  of 
diamylene  (1237);  it  exhibits  but  feeble  acid  properties,  and  furnishes  ill- 
characterized  salts,  Butlerow  has  suggested  (»^«o^.,  clxxiii.  375)  that  it  is  the 
tertiary  heptylic  acid,  dimethisoprop acetic  acid,  (CH3).^CH.C(CHg)2.COOH.* 

(1730)  OcTYLic  or  Capeylic  Acids:  CgHj^O^. — Only  two  of  these  acids 
are  known.  Normal  (primary)  octylic  acid,  CHg.(CH2)g.C00H,  is  obtained 
by  oxidation  of  normal  primary  octylic  alcohol ;  it  occurs  as  glyceric  salt 
in  cocoa-nut  oil,  butter,  and  other  vegetable  fats,  and  is  a  product  of  the 
oxidation  of  oleic  acid  and  other  fatty  substances.  It  is  best  prepared  by 
saponification  of  cocoa-nut  oil.  Octylic  acid  crystallizes  in  needles  or  plates, 
melting  at  i6°'5  (6i°7  F.);  it  boils  at  about  236°  (456°-8  F.).  It  possesses 
a  faint  unpleasant  odour,  and  sharp  rancid  taste ;  it  is  difficultly  soluble  even 
in  hot  water,  from  which  it  crystallizes  in  plates  easily  soluble  in  alcohol  and 
benzene. 

Baric  octylate  crystallizes  in  anhydrous  plates  ;  it  dissolves  only  to  the 
extent  of  6  pts.  in  100  pts.  of  water  at  20°  (68°  F.). 

Calcic  octylate,  {Q^^^.QQ^,^di-\-0^,^y  crystallizes  in  long  thin  needles, 
less  soluble  in  water  than  the  baric  salt.  Zincic  octylate  forms  anhydrous 
plates,  melting  at  136°  (2  76°"8  F.).  A  number  of  other  salts  have  been  pre- 
pared, those  containing  heavy  metals  all  have  definite  melting  points,  and 
although  almost  insoluble  in  water,  like  the  preceding  they  are  more  or  less 
soluble  in  alcohol  (Zincke,  Ann.  Chem.  Pharm.,  clii.  i ;  Renesse,  ihid.,  clxxi.  380). 

The  only  other  octylic  acid  known  is  the  isosecondary  acid  of  the  formula 
C(CH3)3.CH2.CH(CH3).COOH,  obtained  by  oxidation  of  diisobutylene  and  of 
the  carbinol  diisohuto I  iormed  from  this  olefine.t     It  is  an  oily  liquid,  similar  in 

*  The  amylene  obtained  by  the  action  of  zincic  chloride  on  fermentation 
amylic  alcohol,  according  to  the  latest  researches  (Deut.  chem.  Ges.  Ber.,  ix.  1028 ; 
X.  81,  230,  404,  I904\  appears  to  be  a  mixture  of  no  less  than  four  isomerides, 
viz.,  of  CH3.CHZZC(CH3),,  aH,.C(CH3)zzCH,,  (CH3).^CH.CHzzCH^  and 
C2H5.CHZZCH.CH3  or  CgH^.CHzzCH,,  and  doubtless  therefore  diamylene  is  also- 
a  mixture  ;  if,  as  is  probable,  it  chiefly  consists  of  a-diisopropyldimethylethylene, 
the  formation  of  an  acid  of  the  kind  suggested  by  Butlerow  involves  the  occurrence 
of  isomeric  change.    It  appears  possible  that  the  olefine  may  be  first  converted  into 

the  oxide  r^^iifl'r^/riTT  \  /  0'  which  undergoing  isomeric  change  is    converted 
CgHP.C(CHg)  j 

into  the  ketone  {CU^f){C^^^.)^O.Q^^^,  and  that  the  acid  is  formed  by  oxida- 
tion of  this  ketone. 

t  Diisobutylene  is  obtained  either  by  heating  trimethylcarbinol  with  dilute 
sulphuric  acid,  or  a  solution  of  isobutylene  in  the  dilute  acid,  at  100°  (212°  F.) 

3  h2 
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odour  to  trimethacetic  acid ;  it  boils  irregularly  at  205° — 2 1 8°  (401° — 424°.4  F.), 
and  apparently  decomposes  partiall}^  on  distillation.  Its  silver  salt  crystallizes  in 
groups  of  small  opaque  needles ;  its  cadmic  salt  is  only  slightly  soluble  in  water 
{Bntlerow,  ibid.,  clxxxix.  70). 

(1731)  NoNYLic  Acids:  CgH^gO^.— Twononylic  acids  are  known.  JVormal 
primary/  nonylic  acid,  CH3.(CHJy.C00H,  is  formed  by  displacing  the  OH 
group  in  normal  primary  octylic  alcohol  by  COOH,  and  by  oxidation  of  methyl- 
nonylketone,  the  chief  constituent  of  oil  of  rue ;  it  would  appear  probable  also 
that  the  nonylic  acid  obtained  by  Redtenbacher  by  oxidizing  oleic  acid  with 
nitric  acid  is  the  normal  acid.  The  leaves  of  the  geranium  {JPelarffonium 
roseum)  are  supposed  to  contain  an  acid  of  the  formula  CgH^gOg ;  and  hence  it 
has  received  the  name  pelargonic  acid.  Pure  nonylic  acid  is  crystalline,  melting 
at  about  12^-5  (54''"5  F.);  it  boils  at  about  254°  (489°-2  F.). 

Baric  Tionylate  forms  silky  anhydrous  plates,  very  difficultly  soluble  in  cold 
water.  Calcic  nonylate  is  also  anhydrous,  and  crystallizes  from  alcohol  in 
thin  silky  plates.  The  cadmic  and  cupric  salts  may  be  crystallized  from 
alcohol  and  exhibit  constant  melting  points  (Zincke  and  Franchimont,  ibid., 
clxiv.  333). 

Isoprimary  nonylic  acid  or  methhexacetic  acid,  CgHjg.CH(CH3).C00H, 
is  obtained  from  methylhexylcarbinol  (from  castor  oil)  by  displacing  the  OH 
group  by  COOH.  It  is  a  colourless  oil,  insoluble  in  water,  which  remains  liquid 
at— 11°  (i2°*2  F.),  and  boils  at  about  245°  (473°  F.).  Its  calcic  salt 
{Q^^^.CO^^Qa.  +  OH.^,  is  almost  insoluble  in  water,  but  crystallizes  from  alcohol 
in  fine  needles  (KuUhem,  ibid.,  clxxiii.  319). 

(1732)  Higher  Homologues  of  Acetic  Acid. — A  number  of 
higher  terms  of  the  series  have  been  obtained,  mostly  from 
natural  fatty  substances,  in  which  they  occur  as  glycerides,  no 
term  having  more  than  a  single  representative,  however.  It 
appears  probable  that  those  containing  jo  atoms  of  carbon  and 
upwards  are  all  normal  acids^  as  they  furnish  lower  normal 
acids  of  the  series  on  oxidation,  but  there  is  no  other  evidence 
as  to  their  constitution,  and  it  is  even  doubtful  whether  several 
of  them  have  been  obtained  in  a  pure  state.  They  are  crystal- 
line, faintly  acid  bodies,  insoluble  in  water,  but  soluble  in  alcohol 
and  ether;  their  alkali-metal  salts  are  readily  soluble  iu  water, 
but  either  do  not  crystallize,  or  crystallize  with   difficulty,  and 


for  several  hours;  its  formation  may  be  supposed  to  be  the  result  of  the  action 
upon  each  other  of  two  mols.  of  hydric  tertiary-butylic  sulphate,  thus : 
(CH3),C.SO,H  +  (CH3)3C.SO,H  =  (CH3)3C.CH=C(CH^,),,  +  ,H„_SO,.  It  is  a 
colourless  mobile  liquid,  of  the  sp.  gr.  734  at  0°  (32°  F.) ;  it  boils  at  I02°*5 
(2i6°'5  F.).  By  combining  it  with  hydriodic  acid,  and  decomposing  the  resulting 
iodide  with  argentic  hydrate,  the  alcohol  (diisobutol)  {C}iX^.CB].C{CllX^Jl. 
is  produced  ;  it  is  a  colourless  liquid  of  camphorous  odour,  boiling  at  about 
147°  (296°6  F.).  Both  the  olefine  and  the  alcohol  furnish  the  same  products 
on  oxidation ;  apparently  they  are  in  the  first  instance  chiefly  resolved  into 
trimethacetic  acid  and  dimethylketone,  but  the  latter  is  at  once  further 
oxidized;  the  above-mentioned  octylic  acid  and  the  ketone  (0113)30. CHg.CO.CHg 
are  also  obtained  in  small  quantity,  being  probably  formed  somewhat  in  the  same 
manner  that  isobutyric  acid  is  on  oxidation  of  trimethylcarbinol  (comp.  p.  440). 
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are  mostly  partially  decomposed  by  water^  dissolving  in  a  small 
quantity  of  water  to  form  a  clear  solution,  but  in  a  large 
quantity  of  water  to  form  a  turbid  alkaline  solution,  which 
lathers  when,  shaken :  octylic  and  nonylic  acids  in  this  respect 
resemble  their  higher  homologues.  The  salts  of  other  metals 
are  mostly  either  very  difficultly  soluble  or  insoluble  in  water, 
but  are  generally  more  or  less  soluble  in  alcohol.* 

In  the  following  paragraphs  only  a  very  brief  account  of  the 
remaining  higher  homologues  of  acetic  acid  will  be  given.  For 
full  details  of  the  manner  of  preparing  them  and  an  account  of 
their  properties,  the  student  is  referred  to  Watts'  Dictionary  and 
to  the  original  memoirs,  especially  to  those  of  Heintz  on  the 
various  animal  fats  {Ann.  Chem.  Fharm.,  Ixxxiv.  397  ;  Ixxxviii. 
295,  300;  xcii.  290;  xcvii.  271);  and  to  Brodie  on  wax  {Phil. 
Trans.,  1848,  147;   1849,91). 

(1733)  Decylic  or  Capeic  AciD;  Eutic  Acid ;  C^^'H.,^fi^  =  C^'il^^.COOK, 
occurs  as  glyceric  salt  in  small  quantity  in  butter  and  in  cocoa-nut  oil,  and  is 
formed  together  with  several  of  the  homologous  acids  of  the  series  on  oxida- 
tion of  oleic  acid  by  nitric  acid.  According  to  Eowney,  it  may  be  obtained  in 
considerable  quantity  from  the  fusel  oil  of  the  Scotch  whisky  distilleries,  and 
according  to  Fischer  and  Grimm  it  is  also  contained  in  wine  fusel  oil ;  appa- 
rently it  is  present  in  these  oils  as  ethylic  and  amylic  salts,  associated  with  a 
relatively  small  quantity  of  the  corresponding  caprylates  {Ann.  Chem.  Pharm.^ 
Ixxix.  236;  cxviii.  312  ;  clvii.  264).  Capric  acid  has  a  faint  goat-like  odour; 
it  is  only  slightly  soluble  in  water,  but  readily  dissolves  in  alcohol  and  ether, 
from  which  it  crystallizes  in  brilliant  plates,  melting  at  30°  (86^  F.) ;  it  boils 

*  Most  natural  products  which  furnish  higher  acids  of  the  acetic  series  fur- 
nish a  mixture  of  these  acids;  in  separating  them,  advantage  is  taken  of  the 
diminution  in  solubility  of  the  salts  which  takes  place  as  the  molecular  weight 
increases.  Usually  the  mixture  is  dissolved  in  alcohol,  and  an  alcoholic  solution 
of  magnesic  or  plumbic  acetate  is  added  so  as  to  fractionally  precipitate  the 
acids;  the  earlier  precipitates  thus  obtained  consist  chiefly  of  the  acids  of  higher 
molecular  weight,  and  the  later  precipitates  of  those  of  lower  molecular  weight, 
and  by  similarly  treating  the  mixtures  of  acids  separated  from  the  various  pre- 
cipitates, and  repeating  these  processes  a  sufficient  number  of  times,  the  con- 
stituents of  the  mixture  may  eventually  be  isolated,  although  at  a  great  expense 
of  time,  labour,  and  material.  The  lower  terms  of  the  series  may  be  separated 
in  a  similar  manner  by  means  of  the  silver  salts,  but  a  more  satisfactory 
method  is  to  neutralize  the  mixture  and  to  add  sufficient  sulphuric  or  hydro- 
chloric acid  to  liberate  only  a  portion  of  the  organic  acid,  which  is  then  distilled 
off,  a  fresh  portion  of  acid  added,  and  the  liberated  organic  acid  distilled  off,  and 
so  on.  The  acids  of  higher  molecular  weight  being  the  weaker  are  first  liberated, 
and  by  properly  adjusting  the  amount  of  acid  added,  and,  if  necessary,  neutraliz- 
ing the  distillates  and  treating  them  in  a  similar  manner,  the  presence  of  several 
volatile  fatty  acids  in  a  mixture  may,  without  great  difficulty,  be  established. 
From  a  mixture  of  volatile  acids,  that  of  highest  molecular  weight  passes  over 
first  on  distillation,  and  this  property  also  affords  a  means  of  separating  the 
homologous  acids  (comp.  Fitz,  Deut.  chem.  Ges.  Ber.,  xi.,  44.) 
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at  268''— 270°  (5i4°-4— 518°  F.)  with  but  little  alteration  (Grimm).  Baric 
caprate  crystallizes  in  brilliant  anhydrous  plates,  difficultly  soluble  even  in 
boiling  water.  The  calcic  salt  yields  the  corresponding  ketone  {G^^^^QO, 
when  submitted  to  dry  distillation  (Grimm). 

(1734)  Lateic  Acid:  0^^112^02  =  0^^1123,00011,  occurs  as  glyceric  salt  in 
the  fat  from  the  berries  of  the  bay-tree  (  Laurus  nobilis)  and  from  pichurim  beans  ; 
it  has  also  been  obtained  in  small  quantity  from  cocoa-nut  oil,  spermaceti,  and  a 
number  of  other  fatty  substances.  It  is  insoluble  in  water,  but  crystallizes  from 
alcohol  or  ether  in  white  silky  needles  melting  at  43"'6  (iio°'5  F.);  it  partially 
decomposes  on  distillation.  Its  calcic  salt  is  said  to  yield  the  corresponding 
ketone  on  distillation. 

(1735)  Myeistic  Acid  :  C^.HggO,  =  O^.H^y.OOOH.— The  glyceric  salt  of  this 
acid  is  contained  in  the  fat  of  the  XiMXiXi^^^^Myristica  fragrans)  and  other  species  of 
myristicesB,  and  is  especially  abundant  in  dika-bread,  the  fruit  of  the  Mangifera 
gahonensis,  a  tree  growing  on  the  west  coast  of  Africa.  Myristic  acid  has  also 
been  obtained  from  many  other  fats,  as  butter,  cocoa-nut  oil,  and  spermaceti, 
which,  however,  yield  it  only  in  small  quantity.  It  is  insoluble  in  water  and 
ether,  but  soluble  in  alcohol,  from  which  it  crystallizes  in  shining  laminae,  melt- 
ing at  53°'8  (i28°*9  F.).  It  partially  decomposes  on  distillation.  Its  calcic  salt 
is  said  to  yield  the  corresponding  ketone  on  distillation. 

(1736)  Palmitic  Acid  :  0^,H32O2  =  C^^Hg^.COOH.— The  normal  glyceric 
salt  of  this  acid  is  a  constituent  of  most  natural  fats.  In  the  more  solid  animal 
fats  it  is  chiefly  associated  with  glyceric  stearate,  whilst  the  vegetable  oils  chiefly 
contain  glyceric  oleate  in  addition  ;  the  solid  portion  of  palm  oil,  the  produce  of 
Elais  guianensis,  consists  chiefly  of  glyceric  palmitate.  Palmitic  acid  also 
occurs  as  cetylic  salt  in  spermaceti,  and  as  cerylic  salt  in  bees'-wax ;  its  potassic 
salt  is  produced  together  with  that  of  acetic  acid  when  oleic  acid  is  fused  with 
potassic  hydrate.  It  may  be  prepared  by  saponifying  the  solid  portion  of  palm 
oil  by  boiling  it  with  a  solution  of  potassic  or  sodic  hydrate,  decomposing  the 
resulting  soap  with  sulphuric  or  hydrochloric  acid,  and  repeatedly  crystallizing 
the  separated  fatty  acid  from  alcohol  until  it  exhibits  a  constant  melting 
point. 

Palmitic  acid  is  a  tasteless  odourless  substance,  insoluble  in  water,  but  it 
readily  dissolves  in  hot  alcohol  or  ether,  yielding  acid  solutions ;  it  crystallizes 
from  dilute  solutions  in  tufts  of  slender  needles,  melting  at  62°  (i43°"6  F.) ;  the 
fused  acid  solidifies  to  a  mass  of  nacreous  laminae  on  cooling.  It  may  be  dis- 
tilled almost  without  change.  The  normal  palmitates  of  potassium  and  sodium 
readily  dissolve  in  a  small  quantity  of  hot  water,  forming  solutions  which  gela- 
tinize on  cooling ;  they  are  also  freely  soluble  in  hot  alcohol,  crystallizing  from 
the  solution  on  cooling  in  nacreous  laminae.  On  adding  water  to  their  concen- 
trated aqueous  solutions,  crystalline  hyperacid  salts,  such  as  the  salt 
KC^^TL^fi^  OjgHg^Oj,  corresponding  to  the  hyperacid  acetates,  are  precipitated. 
The  salts  of  other  metals  are  insoluble,  and  are  obtained  from  those  of  the  alkali- 
metals  by  double  decomposition.  The  calcic  salt  furnishes  the  ketone 
(Cj^HgJgCO  on  dry  distillation  ;  this  crystallizes  in  pearly  scales  or  laminae,  melt- 
ing at  84°  (183°* 2  F.) ;  on  oxidation  with  chromic  acid  liquor,  it  appears  to  yield 
chiefly  myristic  acid  together  with  lower  acids  of  the  series  (Hercz,  Ann.  Chem. 
Pharm.,  clxxxvi.  266). 

(1737)  Maegaeic  Acid:  C^yllg^Oj  =  OjgHgg.OOOH,  is  not  known  to  occur 
naturally,  the  so-called  margaric  acid  obtained  I'rom  natural  fats  having  been 
shown  by  Heintz  to  be  a  mixture  of  stearic  acid  with  other  lower  acids  of  the 
series,  chiefly  palmitic  acid;  it  has,  however,  been  prepared  by  displacing  the 
OH  group  in  cetylic  alcohol  (1453)  by  COOH  in  the  usual  manner  (Heintz 
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Po^g.  Ann.,  cli.  272).     The  acid  thus  produced  closely  resembles  palmitic  acid, 
but  melts  at  eg^'g  (i57°-8  F.). 

(1738)  Stearic  Acid:  C^gHg^O^  =  C^^H,..C00H.— This  acid  occurs  as 
glyceric  salt  in  most  fats  and  oils,  being  especially  abundant  in  the  more  solid 
fats,  such  as  beef  and  mutton  suet.  The  so-called  stearin,  used  in  the  manufac- 
ture of  stearin  candles,  is  a  mixture  chiefly  of  palmitic  and  stearic  acids,  pre- 
pared by  pressing  the  mixture  of  acids  obtained  from  the  harder  animal  fats 
first  in  the  cold  and  then  at  temperatures  up  to  30° — 40°  (86° — 104°  F.),  in 
order  to  remove  oleic  acid  and  acids  of  low  melting  point.  Pure  stearic  acid  is 
best  prepared  from  this  mixture  by  dissolving  4  pts.  of  it  in  such  a  quantity  of 
alcohol  that  nothing  will  separate  out  on  cooling  even  to  0°  (32°  F.),  and 
adding  a  boiling  alcoholic  solution  of  i  pt.  magnesic  acetate  to  the  hot  liquid ; 
the  magnesic  salt  which  separates  on  cooling  is  pressed,  and  then  decomposed 
by  boiling  it  for  some  time  with  a  considerable  quantity  of  dilute  hydrochloric 
acid,  and  the  still  impure  stearic  acid  thus  obtained  is  repeatedly  crystallized 
from  alcohol  until  it  exhibits  a  constant  melting  point. 

It  crystallizes  in  nacreous  laminae  or  needles,  melting  at  about  69° 
(6i5°*2  F.) ;  mixtures  of  stearic  acid  with  another  solid  acid  of  the  series, 
however,  fuse,  not  at  the  medium  fusing  point,  but  mostly  at  lower  tempera- 
tures, often  even  below  that  of  the  more  fusible  acid.  A  large  number  of  obser- 
vations on  this  subject  have  been  made  by  Heintz.  Stearic  acid  expands  very 
strongly  when  heated,  especially  at  the  moment  of  fusion.  It  may  be  distilled 
unchanged  under  reduced  pressure,  or  in  a  current  of  steam  heated  to  250°' — 350° 
(482° — 662°  F.),  and  even  if  distilled  under  the  ordinary  pressure  it  is  for  the 
most  part  unaltered,  the  small  quantity  which  is  decomposed  yielding  apparently 
lower  acids  of  the  series  and  ketones ;  but  when  several  times  distilled  under 
pressure  in  a  closed  tube  it  is  entirely  decomposed,  yielding  water,  CO^  and  a 
complex  mixture  of  corresponding  hydrocarbons  of  the  paraffin  and  olefihe  series 
from  the  lowest  term  upwards  to  C^^Hg^  and  C^gH^^^  (Johnston,  Jour.  Ckem.  Soc, 
xxix.  8).  Stearic  acid  appears  to  furnish  chlorinated  derivatives  when  sub- 
mitted to  the  prolonged  action  of  chlorine  at  100°  (212°  F.) ;  on  oxidation  with 
nitric  acid,  lower  acids  of  the  series  and  acids  of  the  succinic  series  are  said  to  be 
formed.  The  normal  stearates  of  alkali-metals,  like  the  corresponding  palmi- 
tates,  are  soluble  in  water  and  alcohol,  crystallizing  from  the  latter ;  they  are 
decomposed  by  a  large  quantity  of  water  with  formation  of  hyperacid  salts.  The 
stearates  of  other  metals  are  mostly  insoluble.  Calcic  stearate  is  said  to  furnish 
the  corresponding  ketone  on  dry  distillation. 

(1739)  Aeachidic  Acid:  C^oH^^O^  =  C^^H33.C00H.— The  glyceric  salt  of 
this  acid  occurs  in  oil  of  earth-nut,  the  produce  of  Arachis  hypogcea,  a  legu- 
minous creeping  plant,  indigenous  to  India  and  the  coasts  of  South  Africa  and 
South  America.  Arachidic  acid  crystallizes  from  alcohol  in  very  small  shining 
scales,  melting  at  75°  (167°  F.)  (Gorsmanu,  Ann.  Ghem.  Fharm.,  Ixxxix.  i; 
xcvii.  257). 

(1740)  Behenic  Acid:  C.^H^A -  a^H,,.COOH.— The  glyceric  salt  of 
this  acid  is  said  to  occur  in  the  oil  expressed  from  the  fruit  of  Moving  a  nux 
hehen.     The  acid  itself  is  a  crystalline  substance,  melting  at  76'^  (i68°-8  F.). 

(1741)  Hy^nic  Acid:  C,gHgA  =  C,jH^3.000H.— According  to  Cariu* 
(j6»c?.,  cxxxix.  168),  this  acid  is  present  as  glyceric  salt  in  the  fatty  substance 
contained  in  the  glandular  pouches  of  the  striped  hyaena  [Kymna  striata).  It 
is  said  to  resemble  cerotic  acid  in  its  properties,  and  to  melt  at  about  177° 
(35o°-6  F.). 

(1742)  Ceeotic  Acid:  CjyH.p^  =  C^gHj^-COOH,  is  the  essential  constituent 
of  the  portion  of  bees'-wax  which  is  soluble  in  boiling  alcohol;  it  also  exists  as 
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cerylic  cerotate  in  Chinese  wax,  and  may  be  formed  by  oxidation  of  cerylic 
alcohol  (1453),  by  fusion  with  potassic  hydrate.  It  crystallizes  from  alcohol  in 
small  grains,  melting  at  78°  (i'j2°'4  F.)  ;  the  pure  acid  distils  without  alteration. 
By  exposing  the  melted  acid  to  the  action  of  chlorine  for  several  days  a  chloro- 
acid  of  the  foraiula  CgyH^^CIj^Oj  is  formed. 

(1743)  Melissic  Acid  :  Cg^H^.O,  =  C^gH^^-COOH,  is  obtained  by  oxidation 
of  myricylic  alcohol  (1853)  by  heating"  it  with  potash-lime.  It  closely  resembles 
cerotic  acid,  but  melts  at  about  89°  (ig2°-2  F.). 

In  the  following  table  the  various  homologous  and  iso- 
meric acids  of  known  boiling  point  are  arranged  in  four  groups 
of  normal  primary,  isoprimary,  secondary,  and  tertiary  acids.  On 
comparing  the  boiling  points  of  the  strictly  homologous  acids  in 

H 

COOH 
B.P.  100° 


C^H.O^ 


CaH.O, 


C.HgO, 


C5H10O2 


C«H,A 


C,H,,0, 


CsH^.O, 


C,H,gO, 


CH, 
I 

COOH 
B.P.  118° 


COOH 
B.P.  i40°7 

I 

COOH 
B.P.  i62°-4 

C4H9 

COOH 
B.P.  185° 


COOH 
B.P.  205' 

CjHia 

COOH 
B.P.  224' 

C^Hfs 

COOH 
B.P.  (?)  236'» 

CgHfy 

COOH 
B.P.  254'* 

C9H19 

COOH 

B.P.  2C8°— 270' 


CH,.C3Hf 

COOH 

B.P.  175"       . 

CHg.Cfi^Cs^? 

COOH 
B.P.  199° 


CH(CH3), 

COOH 
B.P.  154' 

?^{cfH^ 
COOH 
B.P.  173° 

CH(C2H5)2 

COOH 
B.P.  196" 


ICH3 


CH 

I 

COOH 
B.P.  245 


C(CH3), 
I 

COOH 
B.P.  i63°'8 

C(CH3),(C,H,) 

COOH 
B.P.  187° 


^h-}ch'.c(CH3)3 

COOH 

B.P.  about  213° 
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the  first  group,  it  will  be  seen  tliat  the  difference  between  the 
successive  terms  in  the  case  of  the  second,  third,  fourth  and  fifth 
members  is  approximately  equal,  being  about  22°  C  j  the  difference 
between  successive  terms  then  diminishes,  but  the  differences  are 
so  irregular  that  it  appears  probable  that  the  boiling  points  of 
the  lower  terms  have  been  incorrectly  determined.  The  terms 
in  the  other  series  are  too  few  to  admit  of  comparison. 

(1744)  Ethereal  Salts  derived  from  Acids  of  the  Acetic 
Series. —  I.  The  acids  of  the  acetic  series  enter  directly  into 
reaction  with  many  alcohols  of  various  degrees  of  hydricity  to 
form  normal  and  basic  ethereal  salts,  the  change  taking  place  in 
many  cases  even  at  ordinary  temperatures  ;  thus  : 

CH3.COOH    +    C2H5.OH  =   CH3.COOC2H5   +   OHg. 

Acetic  acid.    ^  Ethylic  alcohol.  Ethylic  acetate. 

CH3.COOH   +   C3H5(OH)3  =  CH3.COOCsH5(OH)2  +  OH^. 

Acetic  acid.  Glycerol.  Glyceric  monacetate. 

2CH3.COOH  +  C3H5(OH)3  =  (CH3.COO)2.C3H5(OH)  4-  2OH2. 

Acetic  acid.  Glycerol.  Glyceric  diacetate. 

Water  being,  however,  a  product  of  the  reaction,  the  "  etherifica- 
tion"  is  never  complete  in  consequence  of  the  occurrence  of  the 
reverse  change ;  for  example  : 

CH3.COOC2H5   4-    OH2    =   CH3.COOH    +   C2H5.OH. 

Ethylic  acetate.  Acetic  acid.  Ethylic  alcohol. 

The  extent  to  which  these  opposite  reactions  take  place,  and  hence  the 
amount  of  ethereal  salt  formed,  as  well  as  the  degree  of  rapidity  with  which  it  is 
produced,  appear  to  vary  according  to  the  nature  of  the  reacting  substances,  the 
relative  amounts  employed,  the  temperature  to  which  the  mixture  is  heated,  and 
the  time  during  which  it  is  heated.  Berthelot  and  Pean  de  St.  Gilles,  from  a 
series  of  experiments  with  acetic  acid  and  several  primary  alcohols  of  the  ethylic 
series,  came  to  the  conclusion  that  the  amounts  of  ethereal  salt  produced  on 
heating  mixtures  of  the  various  alcohols  with  acetic  acid  in  simple  molecular 
proportions,  and  also  the  rapidity  with  which  the  reactions  took  place,  varied 
only  within  very  narrow  limits.  The  more  extended  series  of  observations 
recently  published  by  Menschutkin  [Deut.  chem.  Ges.  Ber.,  x.  1728,  1898), 
however,  show  that  this  is  not  the  case,  the  discrepancy  between  his  results  and 
those  of  the  before-named  observers  being  apparently  due  to  the  fact  that  the 
latter  did  not  continue  the  heating  sufficiently  long.  The  method  employed  by 
Menschutkin  consisted  in  lieating  mixtures  in  as  nearly  as  possible  simple  mole- 
cular proportions  of  the  carefully  purified  alcohol  and  acetic  acid  in  closed  tubes 
of  I  c.c.  capacity  more  than  half  filled  with  the  mixture ;  the  heating  being 
effected  in  a  bath  of  glycerol  maintained  as  constantly  as  possible  at  a  tempera- 
ture of  153° — 154°  (307°*4 — 309°'2  F.).  The  amount  of  change  taking  place 
in  a  given  time  was  ascertained  by  taking  the  tubes  from  the  bath,  cooling  them 
quickly,  and  determining  the  residual  acid  in  the  mixture  by  titration  with  a 
solution  of  baric  hydrate. 
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The  initial  rate  of  change,  that  is  to  say,  the  percentage  of  acid  converted 
into  ethereal  salt  in  the  first  hour,  and  the  limit  of  change  or  greatest  percentage  of 
acid  ultimately  converted  into  ethereal  salt  by  prolonged  heating,  for  a  number 
of  primary  alcohols,  are  given  in  the  following  table : 


Name  of  ethereal  salt  formed. 

Initial  rate  of 
change. 

Limit 
of  change. 

Methylic       acetate 

57-25 

71-45 

Ethylic 

46-60 

69-61 

Propylic 

46-39 

70-90 

Isobutylic          „ 

45 '40 

73-46 

Normal  octylic  „ 

46-56 

82-24 

Cetylic 

87-17  resf 

Allylic 

36-80 

6i-88    . 

Benzylic            „ 

3777 

63-97 

Cinnamio          „ 

37'2i 

6458 

In  considering  the  rate  at  which  etherification  takes  place,  Menschutkin 
distinguishes  the  absolute  from  the  relative  rate:  the  absolute  rate  being 
expressed  by  the  proportion  which  the  amount  of  a(;id  or  alcohol  entering 
into  reaction  bears  to  the  whole  amount  employed;  and  the  relative  rate 
by  the  proportion  it  bears  only  to  the  amount  which  can  take  part  in  the 
reaction,  that  is  to  say,  to  the  limit  of  change.  Methylic  alcohol  is  sharply 
distinguished  from  its  homologues  by  its  high  initial  rate  (absolute  rate—  57*25  ; 
relative  rate  =  8o-i);  the  three  strictly  homologous  alcohols,  ethylic,  normal 
propylic  and  normal  octylic  alcohols  etherify  at  the  same  initial  rate,  but 
apparently  isoprimary  butylic  alcohol  is  attacked  at  a  slightly  lower  rate ;  as  the 
heating  is  continued,  however,  the  alcohols  of  higher  molecular  weight  appear  to 
enter  into  reaction  to  a  greater  extent  than  those  of  lower  molecular  weight,  so 
that  it  may  be  concluded  that  the  rate  at  which  the  primary  alcohols  of  the 
ethylic  series  enter  into  reaction  with  acetic  acid  increases  with  increase  of 
molecular  weight.     Thus  : 

I  hour.  3  hours.  4  hours.  ^  hours.  48  hours. 

Ethylic  alcohol     .      46*60  5622  63-26  65-28          66-98 

Propylic     „     .      .     46*39  56*62  62-83  6735  69-13 

Isobutylic,,     .     .     45-40  55'95  62-68  66-19         7i'o 

Octylic       „     .     .      46-56  5778  65-08  68-53          80-65 

The  relative  initial  rate,  however,  diminishes  in  a  regular  manner  with  increase 
of  molecular  weight,  the  diminution  being  about  1-8  per  cent,  for  each  additional 
atom  of  carbon  in  the  case  of  the  normal  primary  alcohols ;  thus  : 

Found.  Calculated. 

Ethylic  alcohol 66-94  67-0 

Propylic      „        . 65-43  65-2 

Isobutylic,,         .......  61-80  63-4 

Octylic       , 56-61  56*2 

Isoprimary  butylic  alcohol,  it  will  be  observed,  in  this  respect  also  behaves 
somewhat  differently  from  the  homologous  alcohols.  The  relative  rates  of 
change  on  farther  heating  appear  also  to  diminish  with  increase  of  molecular 
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weight,  but  the  number  of  observations  as  yet  made  to  determine  this  is  few. 
If  such  be  the  case,  however,  the  time  required  to  attain  the  limit  should 
be  longer  the  higher  the  molecular  weight  of  the  alcohol ;  and  actually  it  is 
found  to  be  so,  methylic  alcohol  attaining  the  limit  after  between  48  and  72 
hours,  ethylic  alcohol  after  72  hours,  and  propylic,  isobutylic  and  octylic  alcohol 
only  after  96  hours.  From  ethylic  alcohol  upwards  the  limit  appears  to 
increase  in  a  regular  manner  by  about  2  per  cent. ;  the  limit  for  cetylic  alcohol 
is  lower  than  that  calculated  on  this  assumption,  but  Menschutkin  is  inclined 
to  regard  the  value  at  present  assigned  to  it  as  too  low. 

The  unsaturated  primary  alcohols  examined  differ  very  slightly  in  their 
initial  rates,  but  the  absolute  rate  at  which  etherification  takes  place  is  consider- 
ably lower  (by  about  10  per  cent.)  than  for  the  saturated  alcohols;  thus: 

Absolute.         Relative. 

AUylic   alcohol 36'8o  59*40 

Benzylic     „  3777  59-04 

Cinnamic   „  37 '21  S7'6i 

The  secondary  alcohols  of  the  ethylic  series,  however,  exhibit  still  lower  absolute 
initial  rates : 

Dimethylcarbinol 2572 

Methylethylcarbinol 2  2 '6  2 

Methylisopropylcarbinol 19' 6  2 

Methylbutylcarbinol I9'I3 

Methylhexylcarbinol IQ'S^ 

But  it  will  be  observed  that  whereas  in  the  case  of  the  primary  alcohols  only 
methylic  alcohol  is  etherified  with  greater  rapidity  than  any  other,  in  the  case 
of  these  secondary  alcohols,  the  first  two  terms  are  more  rapidly  acted  on  than 
any  of  the  higher  homologues.  Again,  whereas  with  the  primary  alcohols  the 
absolute  rate  of  change  is  nearly  the  same  for  the  various  homologues  during 
the  earlier  hours,  and  increases  only  after  some  considerable  time  with  increase 
of  molecular  weight,  the  secondary  alcohols,  which  enter  into  reaction  at  the 
same  initial  rate,  very  soon  manifest  different  rates  ;  the  rates  at  which  change 
takes  place  during  the  second  and  later  hours  being  in  all  cases  absolutely 
greater  for  the  secondary  alcohols  than  for  the  corresponding  primary.  For 
example,  in  the  first  two  hours  5 6 "6 5  per  cent,  of  propylic  and  36*90  per  cent, 
of  isopropylic  alcohol  are  etherified;  during  the  first  hour,  however,  46*39  per 
cent,  of  propylic  and  2572  per  cent,  of  isopropylic  alcohol  enter  into  reaction 
with  the  acid,  whereas  during  the  second  10*23  percent,  of  propylic  and  ii'iS 
per  cent,  of  isopropylic  alcohol  are  converted  into  ethereal  salt.  Again,  in  the 
first  four  hours  the  amount  of  propylic  alcohol  acted  upon  is  62"83,  and  of  iso- 
propylic 52*82  per  cent.;  but  in  the  first  two  hours  5665  and  36*90  per  cent, 
respectively  are  etherified,  so  that  in  the  following  two  hours  only  6.21  per  cent. 
of  the  normal  alcohol  is  converted  into  ethereal  salt,  the  amount  of  secondary 
alcohol  changed  being  three  times  as  great  (i5'92  per  cent).  Although  the 
rates  of  change  during  the  earlier  hours  are  greater  for  the  secondary  alcohols 
of  lower  molecular  weight,  as  the  heating  is  continued  their  rates  of  change 
become  less,  while  those  of  higher  mol.  wt.  enter  to  a  greater  extent  into  reac- 
tion with  the  acid,  and,  after  heating  about  36  hours,  about  equal  amounts  of 
all  the  various  alcohols  are  converted  into  ethereal  salts.  From  this  point  the 
law  is  the  same  as  for  the  primary  alcohols,  the  rate  of  change  increasing  with 
increase  of  molecular  weight.  The  absolute  amount  of  secondary  alcohol  which 
can  be  converted  into  ethereal  salt  by  continued  heating  increases  by  about  i  *  i 
per  cent,  ibr  each  additional  atom  of  carbon,  being  a  less  difference  than  obtains 
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in  the  case  of  the  corresponding  primary  alcohols,  of  which  also  a  considerably 
larger  amount  can  be  converted  into  ethereal  salt,  thus  : 

Found.       Calculated. 

Dimethylcarbinol 61*50  61  "5 

Methylethylcarbinol 62*43  62  "6 

Methylisopropylcarbinol     ....  64'0  63*7 

Methylbutylcarbinol 65*74  64*8 

Methylhexylcarbinol 66*65  67*0 

Two  unsaturated  secondary  alcohols  have  been  examined  by  Menschutkin — 
methylvinylcarbinol  and  diallylcarbinol.  They  differ  from  the  saturated  alcohols 
containing  the  same  number  of  carbon  atoms  in  a  similar  manner,  but  to  a  less 
extent,  that  the  unsaturated  differ  from  the  saturated  primary  alcohols,  the 
absolute  initial  rate  of  change  being  15*32  per  cent,  for  methylvinylcarbinol 
and  11*03  per  cent,  for  diallylcarbinol, the  relative  rates  being  27*52  and  20*49 
per  cent.,  and  the  limit  of  change  55*65  per  cent,  of  the  former  and  53'66  per 
cent,  of  the  latter. 

Very  little  is  known  of  the  behaviour  of  the  homologues  of  acetic  acid  and 
other  acids,  and  alcohols  other  than  those  mentioned  above.  The  results 
obtained  by  Berthelot  and  de  St.  Gilles  {Ann.  Chim.  Phys.,  [3],  Ixv.  385  ;  Ixvi.  5  ; 
and  Ixviii.  225),  indicate,  however,  that  the  rate  at  which  the  homologous  acids 
of  the  acetic  series  form  ethereal  salts  diminishes  with  increase  of  mol.  wt.,  and 
also  that  in  the  case  of  isologous  acids,  such  as  benzoic  acid,  they  undergo  etheri- 
fication  less  rapidly  than  acetic  acids. 

2.  Ethereal  salts  are  readily  produced  by  the  action  of  the 
acid  halides,  and  especially  of  the  acid  chlorides,  on  the  alcohols ; 
for  example  : 

CH3.COCI  +   CgH^.OH  =   CH3.COOC2H5   +    HCl. 

Acetic  chloride.  Ethylic  alcohol.  Ethylic  acetate. 

In  this  manner  almost  the  theoretical  amount  of  ethereal  salt 
may  be  obtained. 

3.  A  common  method  of  preparing  ethereal  salts  is  to  satu- 
rate a  mixture  of  the  given  alcohol  and  acid  with  hydrochloric 
acid  gas,  the  reaction  being  completed  if  necessary  by  heating 
the  mixture  in  the  water  bath;  to  purify  the  product,  it  is 
usually  merely  requisite  to  wash  it  with  water,  removing  the  last 
portions  of  acid  by  the  addition  of  a  little  sodic  carbonate,  and 
then  to  dry  and  fractionally  distil  it.  The  amount  of  ethereal 
salt  produced  in  this  manner  is  considerably  larger,  and  the 
reaction  takes  place  with  much  greater  facility,  than  when  only 
the  alcohol  and  acid  act  upon  each  other,  although  the  whole  of 
the  acid  and  alcohol  do  not  undergo  conversion. 

Friedel  (Compt.  Rend.,  Ixviii.  1557)  has  endeavoured  to  explain  the 
influence  of  the  haloid  acid  by  the  assumption  that  it  converts  the  acid  into  the 
acid  chloride  and  water,  and  that  the  former  at  the  moment  of  formation  reacts 
upon  the  alcohol ;  this  explanation  being  based  upon  the  observation  that  acetic 
chloride,  CH3.COCI,  may  actually  be  obtained  by  the  action  of  hydrochloric  acid 
gas  on  a  mixture  of  acetic  acid  and  phosphoric  anhydride  at  a  temperature  of 
about  80°  (176°  F.),  a  change   which  Demole  has  recently  shown  may  be 
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realized  even  at  o°  (32°  F.)  (Deut.  chem.  Ges.  Ber.,  x.  1790).  But  as  Henry 
has  pointed  out  {ibid.,  x.  2041),  there  is  good  reason  to  doubt  the  correctness 
of  this  explanation.  The  formation  of  acetic  chloride  from  acetic  acid  and 
hydrochloric  acid  in  presence  of  phosphoric  anhydride,  indeed,  is  probably 
induced  by  virtue  of  an  influence  exercised  by  the  latter  analogous  to  that  of 
carbon  in  the  formation  of  silicic  tetrachloride  on  passing  chlorine  over  a  mix- 
ture of  silica  and  charcoal,  for  the  haloid  acids  alone  appear  to  be  incapable  of 
converting  the  carboxyl  acids  into  the  corresponding  acid  halide;  it  may  be 
supposed  that  acetic  and  hydrochloric  acids  do  not  enter  into  reaction  because 
the  formation  of  the  acid  chloride  involves  a  considerable  expenditure  of  energy, 
but  that  it  takes  place  in  presence  of  phosphoric  anhydride  in  consequence  of  the 
development  of  more  than  sufficient  energy  to  cover  this  loss  by  the  combina- 
tion of  the  water  (which  is  one  of  the  products  of  the  reaction  since 
CH3ICOOH  -f.  HCl  =  CH3.COCI  4-  OHJ  with  the  phosphoric  anhydride  to  form 
metaphosphoric  acid.  But  even  supposing  the  acid  chloride  to  be  formed  in  the 
manner  supposed  by  Friedel,  it  would  be  in  presence  of  both  water  and  the 
alcohol,  and  experiment  shows  that  the  former  would  be  first  attacked.  A  more 
probable  explanation  is  that  the  alcohol  and  carboxyl  acid  first  form  an  ether- 
alcohol,  just  as  water  and  the  acid  form  an  acidhydrol  (foot-note,  p.  823),  and 
that  this  compound  is  converted  into  an  unstable  monochlorhydrin,  which 
breaks  up  into  the  ethereal  salt  and  hydrochloric  acid ;  thus  in  the  case  of 
acetic  acid  and  ethylic  alcohol,  the  following  reactions  may  be  supposed  to  occur 
successively  : 

CH3.C0(0H)  +  C^H^.OH  =  CH3.C(0H)^(0C,HJ ; 
CH,.C(OH),(OC,H  J  +  HCl  =  CH3.CC1(0H)(0C,H,)  +  OH^ ; 
CH3.CC1(0H)(0C,H^)  =  CH3.C0(0C,HJ  +  HCl. 

In  place  of  hydrocliloric  acid,  sulphuric  acid  may  often  be 
advantageously  employed,  the  mixture  of  alcohol,  carboxylic  acid 
and  this  acid  being  warmed  for  some  time  in  the  water  bath. 
Its  action  is  doubtless  similar  to  that  of  hydrochloric  acid. 

4.  Another  method  frequently  employed  for  the  preparation 
of  ethereal  salts  derived  from  acids  of  the  acetic  series  and  the 
lower  alcohols  of  the  ethylic  series  is  to  act  upon  a  salt  of  the 
acid,  usually  the  sodic  salt,  with  an  acid  ethereal  sulphate  such 
as  hydric  ethylic  sulphate  ;  for  example : 

CHg.COONa  +  CgHg.HSO,  =  CH^-COOCgHg  -f  NaHSO,. 

Sodic  acetate.  Ethylic  hydric  sulphate.  Ethylic  acetate. 

5.  The  haloid  derivatives  of  hydrocarbons,  such  as  iodethane 
and  a-dibromethane,  for  example,  also  enter  into  reaction  with  the 
metallic  salts  of  acids,  especially  silver  salts,  in  a  similar  man- 
ner ;  thus  : 

CH3-COOK    +    CgH^Br^    =    CHg.COOC.H.Br    +    KBr. 

Potassic  acetate.         Ethylenic  bromide.  Broraethylic  acetate. 

iCHg.COOAg    +    CgH.Br^   =    (CH3.COO)2C2H,    +    2AgBr. 

Argentic  acetate.  Ethylenic  bromide.  Ethylenic  acetate. 

A   very   large   proportion  of  the  ethereal  salts  are  liquids. 
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chiefly  those  derived  from  polyhydric  alcohols  being  solids  ;  many 
of  the  former  possess  characteristic  fruity  odours.  With  few  ex- 
ceptions, they  are  either  difficultly  soluble  or  insoluble  in  water, 
but  readily  soluble  in  alcohol  and  ether.  In  contact  with  water 
at  ordinary  temperatures,  they  either  remain  unchanged  or  un- 
dergo decomposition  only  to  a  very  slight  extent,  but  they  are 
more  or  less  readily  resolved  into  the  alcohol  and  acid  on  heating 
with  water,  this  change  being  greatly  facilitated  by  the  presence 
of  a  mineral  acid  or  of  an  alkali ;  they  are,  however,  much 
more  readily  acted  upon  by  water  than  the  ethers  such  as  ethylic 
oxide  (CaH,)^. 

(1745)  Ethereal  Salts  derived  from  the  Acids  of  the 
Acetic  Series  and  Monohydric  Alcohols. — The  following  table 
is  a  list  of  the  ethereal  salts,  at  present  known,  derived  from 
these  acids  and  the  alcohols  of  the  ethylic  series  : 


B.  P.°C. 

S.  G.ato°C. 

Observer. 

Methyl 

ic  formate    .      . 

33*4 

•998 

Kopp. 

>» 

acetate      .     . 

/56-3 
153-0 

•956 

» 
Dittmar. 

>» 

butyrate  .      . 

96 

•909 

Kopp. 

j> 

isobutyrate    . 

93 

•905 

Pierre  and  Puchot. 

» 

isovalerate*  . 

116 

•901 

Kopp. 

jj 

trimeth  acetate 

lOI 

Butlerow. 

5J 

nonylate   . 

214 

•876  (i7°-5) 

Zihcke  and  Franchimont. 

J> 

decylate    . 

224 

Grimm. 

Ethylic 

formate 

/    54'9 
i    54'4 

•944 

Kopp. 
Dittmar. 

»» 

acetate  . 

/    74'3 
i    77'o 

•910 
•906  (15°) 

Kopp. 
Linnemann. 

>> 

propionate  . 

.       988 

•8945  (17°) 

» 

>» 

butyrate      . 

.        I2I-0 

•899(17°) 

>» 

») 

isobatyrate 

•        113 

•890 

Pierre  and  Puchot. 

5> 

valerate 

•        145 

•894 

Lieben  and  Rossi. 

)} 

isovalerate  . 

■     i35'5 

•886 

Pierre  and  Puchot. 

>J 

trimethacetate 

118-5 

•875 

Butlerow. 

I167 
•]  166 

•8765  (i7°'5) 

Zincke  and  Franchimont. 

>' 

caproate      . 

•890 

Lieben  and  Rossi. 

>» 

isocaproate* 

.     161 

•887 

5>                                          )J 

1  189-3 
•  1  188 

•888 

Lieben  and  Janeck. 

» 

heptylate    . 

•8735  (16") 

Grimshaw  &  Schorlemnier 

J> 

octylate 

.     208 

•873  (16°) 

Zincke. 

i> 

nonylate 

.     228 

•8655  (i7°-5) 

Zincke  and  Franchimont. 

ii 

decylate 

(?)  243 

Fischer. 

Propyl 

ic  formate     . 

.      83 

•920 

Pierre  and  Puchot. 

it 

acetate 

.     103 

•910 

»>                   « 

*  The  so-called  isoralerates  and  isoamylic  salts  have  all  been  prepared  from 
fermentation  amylic  alcohol,  and  are  therefore  mixtures. 
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B.P.°C. 

S.  G.  at  0°  C. 

Observer. 

Propylic  propionate      . 

f  124-3 
1224 

'9^3 
•8885  (13°) 

Pierre  and  Puchot. 
Linnemann. 

„          butyrate   .      . 

1 43 '4 

•879  (15°) 

„ 

,^          isobutyrate     . 

i37'3 

•888 

Pierre  and  Puchot. 

„           isovalerate*   . 

157 

•887 

»'                   }j 

Isopropylic  acetate  .     . 

90—93 

— 

Friedel. 

butyrate      . 

128 

•879 

Silva. 

„           isovalerate* 

142 

•870 

>» 

Amylic  acetate   . 

149 

•896 

Lieben  and  Rossi. 

Isoamylic*  formate 

116 

•874(21°) 

Kopp. 

„         acetate  .     . 

140 

•873  (15°) 

Schorlemmer. 

„         isobutyrate  . 

170-3 

•877 

Pierre  and  Puchot. 

„          isovalerate* 

190 

•874 

»*                » 

Secondary  amylic  acetate 

134     (?) 

•922 

Wurtz. 

Hexylic  acetate        .     . 

170 

•889  (i7°^5) 

Franch.  and  Zincke. 

„         caproate      .     . 

245-6 

•865  (ifs) 

j>                   » 

Heptylic  acetate      .     . 

191-5 

•874  (16°) 

Cross. 

heptylate  .     . 

271 

— 

j> 

Octylic  acetate   . 

207 

•872  (16°) 

Zincke. 

„       isovalerate  .     . 

250 

•862  (16°) 

?> 

„       octylate        .     . 

298 

•862  (16°) 

»» 

Only  a  small  number  of  ethereal  salts  derived  from  monohydric  alcohols  of 
other  series  are  known.  AUylic  formate,  according  to  Tollens,  boils  at  82° — 83°, 
and  at  17°  has  the  sp.  gr.  932;  and,  according  to  Hofmann  and  Cahours, 
allylic  acetate,  butyrate,  and  isovalerate  boil  respectively  at  98° — 100°,  140°, 
145°,  and  162°.  The  acetate  derived  from  ailyldimethylcarbinol  boils  at 
i37°-5  ;  and  at  0°  has  the  sp.  gr.  -900  (M.  and  A.  Saytzeff )  ;  while  that 
formed  from  menthylic  alcohol  (1458)  boils  at  223°.  The  only  ethereal  salts  of 
alcohols  of  the  CnH2n_g.0H  series,  at  present  known  are  propargylic  acetate, 
which  boils  at  125°,  and  at  12°  has  the  sp.  gr.  1*003  (H^^^'j)  5  ^^^  the  acetate 
formed  from  diallylcarbinol,  which  boils  at  i69°-5,  ^"^  ^^  °°  ^^^  ^^^  ^P-  S^' 
•917.  Phenylic  acetate  boils  at  (?)  190°,  and  benzylic  acetate  at  2 10° ;  a  number 
of  acetates  derived  from  the  homologous  alcohols  have  already  been  referred  to 
in  describing  the  homologues  of  phenol. 

(1746)  Ethylic  Formate;  jFbrm'c  Uther:  CjE^O^  =  H.COOC^H^.— This 
salt  may  be  formed  by  distilling  a  mixture  of  formic  acid  or  sodic  formate  and 
ethylic  alcohol  with  sulphuric  acid ;  or  by  distilling  a  mixture  of  ethylic  oxalate 
and  anhydrous  oxalic  acid  in  simple  molecular  proportions  :  the  acid  oxalate 
formed  by  the  interaction  of  these  substances  being  resolved  at  the  moment  of 
formation  into  ethylic  formate  and  carbonic  anhydride:  COOH.COOC2HJ  = 
H.COOC^Hg  +  CO2,  and  it  is  in  virtue  of  the  occurrence  of  this  reaction  that 
ethylic  formate  is  obtained  as  a  secondary  product  in  the  preparation  of  ethylic 
oxalate  by  distillation  of  a  mixture  of  ethylic  alcohol  and  oxalic  acid. 

Ethylic  formate  is  a  colourless  mobile  liquid,  having  an  agreeable  pungent 
odour,  soluble  in  about  9  pts.  of  cold  water;  it  is  violently  acted  upon  by  chlorine, 
furnishing  a  series  of  substitution  products.  The  action  of  sodic  ethylate  and  of 
sodium  on  this  salt  and  its  homologues  will  be  discussed  later  on. 

(1747)  Methylic  Acetate  :  CgllgO^  =  CHg.COOCHg.— This  salt  is  a  con- 
stituent of  crude  wood  spirit;  it  may  be  prepared  by  distilling  a  mixture  of 
I  pt.  acetic  acid,  2  pts.  methylic  alcohol,  and  i  pt.  sulphuric  acid,  but  unless  the 
pure  alcohol  be  employed,  it  is  impossible  to  obtain  it  free  from  acetone.  The 
pure  salt  may  be  conveniently  obtained  by  distilling  a  mixture  of  pure  methylic 
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oxalate  and  glacial  acetic  acid  with  the  addition  of  a  small  quantity  of  fuming 
hydrochloric  acid  (Dittmar). 

It  is  a  colourless  liquid,  having  an  agreeable  odour,  closely  resembling 
ethylic  acetate  in  all  its  properties.  According  to  Dittmar's  experiments  {Journ. 
Chem.  Soc,  xxi.  477)  methylic  acetate  has  a  lower  vapour  tension  than  ethylic 
formate  at  temperatures  between  18°  and  80°  C,  the  diiference  being  greater 
the  higher  the  temperature :  the  diiference  at  18°  C,  for  example,  being 
15.3  mm.,  and  at  78°7  C.  60  mm.  When  submitted  to  the  action  of  chlorine, 
methylic  acetate  furnishes  a  series  of  substitution  derivatives,  and  apparently  the 
whole  of  the  hydrogen  may  ultimately  be  displaced.  The  first  product  has  the 
formula  CHg.COOCHjCl ;  it  has  a  pungent  suffocating  odour,  and  boils  at  115° 
(239°  F,),  whereas  methylic  monochlo'racetate,  CH2CI.COOCH3,  has  a  pleasant 
odour  aud  boils  at  127°  (26o°"6  F.) ;  it  is  rapidly  decomposed  in  contact  with 
cold  water,  forming  acetic  and  hydrochloric  acids  and  apparently  methaldehydrol, 
0112(011)2;  it  is  also  readily  acted  upon  by  sulphuric  acid,  potassic  acetate  and 
ammonia  (Henry,  Deut.  chem.  Ges,  Ber.,  vi.  739).  The  second  product  of  the 
action  of  chlorine  has  the  formula  Cllg.C00CHCl2,  as  it  yields  formic  and  acetic 
acids  when  decomposed  by  water  (Malaguti).  The  higher  substitution  derivatives 
have  been  very  imperfectly  examined.  According  to  Grimaux  (Bull.  Soc. 
Chem.,  xxii.  74)  the  pentachlorinated  methylic  acetate  of  Cloez,  formed  by  the 
action  of  chlorine  on  citrates,  and  which  is  also  said  to  be  the  final  product  of  the 
action  of  chlorine  on  methylic  acetate  in  the  shade,  is  pentachioracetone,  formed  in 
the  latter  case,  from  the  acetone  present  in  the  acetate ;  the  same  chemist  has 
shown  that  the  corresponding  product  of  the  action  of  bromine  is  pentabromacetone 
and  not  pentabrominated  methylic  acetate,  and  that  bromine  is  without  action  on 
pure  methylic  acetate  (comp.  Steiner,  Deut.  chem.  Ges.  Ber.,  vii.  1284). 

(1748)  Ethylic  Acetate;  Acetic  Ether:  C^H302  =  CH3.COOC2H5.— This 
ethereal  salt  may  be  obtained  by  any  of  the  general  methods  previously  described, 
but  it  is  usually  prepared  by  distilling  a  mixture  of  ethylic  hydric  sulphate 
(sulphovinic  acid)  and  sodic  acetate.  The  following  mode  of  proceeding  is 
recommended  by  Fraukland  and  Duppa  {Chem.  Soc.  Journ.,  xix.  396)  when 
large  quantities  are  required  : — 90  pts.  of  concentrated  sulphuric  acid  are  placed 
in  a  deep  stoneware  vessel  and  36  pts.  of  97  per  cent,  alcohol  are  allowed  to 
flow  into  it  by  means  of  a  piece  of  narrow  glass  tube,  passing  to  the  bottom  of 
the  vessel,  and  connected  with  a  convenient  reservoir  standing  at  a  considerable 
elevation ;  this  tube  is  used  as  an  agitator  during  the  continuance  of  the  flow 
of  the  alcohol,  and  in  this  way  there  is  obtained,  without  loss  of  alcohol, 
a  high  temperature  which  greatly  favours  the  formation  of  the  sulphate.  The 
mixture  thus  produced  is  allowed  to  stand  twenty-four  hours  before  use,  and 
is  then  gradually  poured  over  60  pts.  of  previously  dried  and  fused  sodic  acetate 
broken  into  small  pieces  and  placed  in  a  still  immersed  in  cold  water,  care  being 
taken  that  the  temperature  does  not  rise  high  enough  to  distil  off  any  of  the  p'"0- 
duct ;  after  standing  about  twelve  hours,  the  mixture  is  submitted  to  distillation, 
and  the  product  purified  by  rectification  from  powdered  fused  calcic  chloride. 

Ethylic  acetate  is  a  colourless  mobile  liquid,  soluble  in  11  — 12  pts.  of  cold 
water,  and  of  sp.  gr.  -906  at  15°  (59°  F.) ;  it  boils  at  77°  (i7o°-6  F.).  When 
diluted  with  alcohol  or  water  it  has  a  very  pleasant  fruity  odour,  but  the  odour 
of  the  pure  compound  is  less  agreeable  and  extremely  pungent.  It  slowly 
decomposes  in  contact  with  cold  water,  and  is  rapidly  decomposed  on  heating 
with  water  or  alkalies,  with  formation  of  ethylic  alcohol  and  acetic  acid  or 
alkaline  acetate;  its  decomposition  by  water,  however,  is  not  complete  unless  a 
large  excess  of  the  latter  be  employed  at  a  relatively  high  temperature,  the 
extent  to  which  change  takes  place  at  lower  temperatures  depending  on  the 
temperature    and    the    relative    proportions    of  the    reacting    substances.      Its 
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decomposition  by  water  is  also  facilitated  by  the  presence  of  hydrochloric  or 
sulphuric  acid. 

The  chlorides  of  phosphorus  are  without  action  on  ethylic  acetate  at  its 
boiling-point,  but  it  is  readily  attacked  by  chlorine  with  formation  of  substitu- 
tion-compounds, and  it  is  said  that  by  continuing  the  action  in  bright  sunlight 
the  whole  of  the  hydrogen  may  be  displaced  by  chlorine  ;  the  resulting  com- 
pounds have  been  but  very  imperfectly  examined,  however.  According  to 
Schiitzenberger,  slight  heat  is  developed  on  mixing  bromine  with  ethylic  acetate, 
and  if  a  current  of  dry  air  be  passed  through  mixtures  of  the  two  substances, 
whatever  the  proportions,  a  residue  is  finally  obtained  of  the  composition, 
C^HgOgBr^.  By  heating  a  mixture  of  bromine  and  ethylic  acetate  in  simple 
molecular  proportions  in  sealed  tubes  at  150°  (302°  P.),  bromacetic  acid  is  pro- 
duced in  accordance  with  the  equation  :  CHg.COOC^Hg  +  Br^  =  CH^Br.COOH  + 
CgH^Br  (Crafts) ;  if  double  this  quantity  of  bromine  be  employed  and  the 
mixture  be  heated  to  120° — 130°  (248° — 266°  F.),  dibromacetic  acid  is  formed 
(Carius,  Dent.  chem.  Ges.  Ber.,  iii.  336):  CHg.COOC^H^  +  2Br2  = 
CHBr2.C00H  +  C2H^Br  +  HBr.  (comp.  Hell,  ibid.,  xi.  245). 

(1749)  Halogen  Salts  of  the  Acids  of  the  Acetic 
Series. — These  salts,  which  were  discovered  by  Schiitzenberger 
in  1 86 1  (for  a  full  description,  see  Leqons  professees  en  1868  et 
1869  devant  la  Societe  Chimique  de  Paris),  are  formed  by  the 
displacement  of  the  hydrogen"  of  the  COOH  group  by  the  nega- 
tive radicles  CI,  Br  and  I  ;  they  are  produced  by  methods  pre- 
cisely similar  in  principle  to  those  involved  in  the  formation  of 
the  metallic  salts,  although  they  cannot  be  prepared  directly 
from  the  acids  by  the  action  of  the  halogens. 

(1750)  Chlorine  Acetate:  C^HjClOg  =  CH3.COOCI,  is  prepared  by 
passing  a  current  of  hypochlorous  anhydride  into  acetic  anhydride  cooled  by 
water  until  the  liquid  acquires  a  marked  yellow  colour ;  the  excess  of  hypo- 
chlorous  anhydride  is  then  expelled  by  carefully  warming  the  solution  to  30° 
(86°  P.).  The  reaction  which  takes  place  is  precisely  analogous  to  that  occur- 
ring in  the  formation  of  argentic  acetate  from  acetic  anhydride  and  argentic 
oxide : 


CH  .CO  ) 


CH3.CO 


\' 


+    CLO   =    2CH,.C00C1. 


Acetic  anhydride.  Chlorine  acetate. 


CH3.CO 

CH„.CO 


lo  +  Ag,0   =    2CH3.C00Ag. 

Acetic  anhydride.  Argentic  acetate. 

Thus  prepared,  chlorine  acetate  is  a  pale  yellow-coloured  liquid,  possessing  a 
powerful  irritating  odour ;  if  heated  above  100°  (212°  F.),  it  detonates  violently, 
being  resolved  into  carbonic  anhydride  and  chloromethane :  CH3.COOCI  = 
COj  +  CH3CI.  It  gradually  decomposes  in  a  similar  manner  at  the  ordinary 
temperature.  It  dissolves  in  water  in  all  proportions,  bat  with  decomposition, 
acetic  and  hypochlorous  acids  being  produced.  When  brought  into  contact  with 
metals,  such  as  copper,  zinc,  mercury,  potassium  or  sodium,  it  is  at  once  decom- 
posed, chlorine  being  evolved,  and  the  corresponding  metallic  acetate  formed : 

2CH^.C00C1  +   2Xa  -   2CH3.CO()Na  +  CI,. 
3  3  I 
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Chlorine  acetate  at  once  unites  with  ethylene,  and  apparently  with  the  homo- 
logous olefines,  forming  corresponding  chloracetins ;  for  this  purpose  it  is  conve- 
niently employed  diluted  with  an  equal  weight  of  acetic  anhydride : 

CH-iCH^  +  CH3.COOCI  =  CH3.C00(CH,.CH,C1). 

Ethylene.  Chlorethylic  acetate. 

(1751)  Beomine  Acetate:  C^HgBrO^  =  CH3.C00Br — On  adding  bro- 
mine to  chlorine  acetate,  chlorine  is  disengaged,  and  the  corresponding 
bromine  salt  is  formed:  2CH3.COOCI+ Br^ -  2CH3.C00Br  +  CI,.  It  appa- 
rently resembles  chlorine  acetate  closely  in  its  properties,  but  is  a  far  less  stable 
compound. 

(1752)  Iodine  Triacetate  :  CgH^OJ  =  (0113.000)31. — On  adding  iodine 
to  chlorine  acetate,  it  immediately  dissolves,  chlorine  being  disengaged;  and 
when  sufficient  iodine  has  been  added,  brilliant  colourless  crystals  are  deposited. 
The  compound  thus  produced  does  not,  however,  strictly  correspond  in  composi- 
tion to  chlorine  acetate,  but  results  from  the  displacement  of  3  atoms  of  chlorine 
in  3  molecules  of  the  latter  by  a  single  atom  of  iodine,  and  thus  bears  a  relation 
to  chlorine  acetate  similar  to  that  which  bismuthic  nitrate,  Bi(N03)3,  ^^^  example, 
bears  to  argentic  nitrate,  AgNOg : 

6CH3.COOCI  +  I,  =   2(CH3.C00)3l  +   3CI,. 

Its  formation  affords  a  most  striking  example  of  the  tendency  of  iodine  to  act  as 
a  triad,  a  tendency  whereby  it  is  in  a  marked  manner  distinguished  from  chlorine 
and  bromine. 

Iodine  triacetate  is  more  readily  prepared  by  passing  hypochlorous  acid  gas 
into  a  mixture  of  about  50  grams  acetic  anhydride  and  15 — 20  grams  pure  dry 
iodine,  which  is  maintained  at  the  ordinary  temperature;  the  reaction  is  ter- 
minated when  the  effervescence  due  to  the  escape  of  chlorine  ceases,  and  the  liquid 
becomes  decolorized  and  filled  with  a  mass  of  small  colourless  coherent  crystals. 
These  crystals,  which  are  extremely  sensitive  to  the  action  of  light,  may  be  purified 
by  decanting  the  mother-liquor,  and  recrystallizing  from  acetic  anhydride,  in  which 
they  may  be  dissolved  by  warming  to  about  60°  (140°  F.). 

Iodine  triacetate  forms  large  colourless  prisms,  which  at*  once  become  pink 
and  then  brown  on  exposure  to  light;  it  is  decomposed  by  water  with  formation 
of  acetic  and  iodic  acids,  and  also  by  alcohol ;  ether  and  benzene  dissolve  it 
without  change.  When  heated  to  about  140°  (284°  F.),  it  decomposes  with 
almost  explosive  violence,  forming  carbonic  anhydride,  iodine,  and  methylic 
acetate. 

Iodine  triacetate  may  apparently  also  be  formed  by  the  action  of  iodine 
chloride  on  sodic  acetate.  In  its  preparation  as  above  described,  there  is  an 
intermediate  compound  first  produced  in  accordance  with  the  equation  : 
2C1,0  +  I^  +  2(CH3.C0),0  =  l{CB.^.CO^)f\  +  Clj.  This  compound  crystallizes 
in  long  yellow  needles ;  by  the  action  of  chlorine  acetate  it  is  converted  into 
iodine  triacetate :  I(CH,.C00),C1  +  CH3.COOCI  =  ICCHg.COO),  +  CI,. 

Butyric  anhydride,  if  subinitted  to  the  action  of  hypochlorous  anhydride  or  of 
hypochlorous  anhydride  and  iodine,  furnishes  analogous  compounds  to  the  above 
described  acetates. 

(1753)  Cyanogen  Acetate. — When  acetic  chloride  is  allowed  to  act  upon 
argentic  cyanate.  decomposition  takes  place  in  accordance  with  the  equation : 
CH3.COCI  +  CNOAg  =  CH3.C00(CN)  +  AgCl,  but  the  product  is  a  solid  sub- 
stance, which  is  probably  a  polymeride  of  the  compound,  CH3.COONC.  On 
heating,  it  does  not  furnish  a  volatile  product  at  90°  (194°  F.),  but  below  100° 
(212°F.),  a  regular  evolution  of  carbonic  anhydride  takes   place,  and  a  mobile 
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pungent-smelling  liquid  distils  over ;  the  distillate  is  apparently  a  mixture  of 
methylic  cyanide,  CHg.CN,  and  the  acetate  CH^.COONC,  but  the  latter  cannot 
be  isolated  by  fractional  distillation.  The  mixture  boils  at  80° — 85°  (176° — 185° 
F.),  and  on  treating  it  with  water,  effervescence  takes  place  owing  to  the  escape 
of  carbonic  anhydride,  whilst  acetaraide  is  produced :  CH^.COO^NC)  +  OH.  = 
CH3.C0(NH,)  +  CO^  (Schiitzenberger,  loc.  cit).  ' 

(1754)  Thtoacids  of  the  Acetic  Series. — Thiacetic  acid:  Q^f>^  = 
CH3.CO.SH. — These  acids  are  formed  by  the  displacement  of  one  of  the  atoms  of 
oxygen  in  the  acids  of  the  acetic  series  by  sulphur,  and  are  produced  by  the 
action  of  the  sulphides  of  phosphorus  on  the  latter ;  thiacetic  acid  is  the  only 
member  of  the  group  which  has  been  investigated.  It  is  best  prepared  by 
heating  a  mixture  of  300  grams  phosphorus  pentasulphide  and  108  grams 
acetic  acid  in  a  retort,  which  it  as  nearly  as  possible  half  fills,  until  reaction 
commences ;  the  source  of  heat  is  then  removed,  and  only  that  portion  of  the 
product  which  is  volatilized  by  the  heat  developed  in  the  reaction  collected. 
This  product  is  afterwards  rectified.  If  the  mixture  be  heated  after  the 
reaction  has  taken  place,  much  of  the  thiacetic  acid  is  decomposed  by  the  action 
of  the  sulphur  compounds  present.  Thiacetic  acid  may  also  be  formed  by  the 
action  of  acetic  chloride  on  potassic  thiohydrate  :  CH^.COCl  +  KSH  = 
CH3.COSH  +  KCI;  by  digesting  phenylic  acetate,  CHg.COOCJIg,  with  an 
alcoholic  solution  of  potassic  thiohydrate ;  and  by  the  action  of  water  on  acetic 
disulphide,  (0^1130)282  (Kekule;  Kekule  and  Liimemann,  ^ww,  Chem.  Pharm., 
xc.  311  ;  cxxiii.  273;   Ulrich,  ibid.,  cix.  272). 

Thiacetic  acid  is  a  colourless  liquid  of  unpleasant  odour,  like  that  of  acetic 
acid  and  hydric  sulphide  together;  it  boils  at  about  93°  (i99°-4  ¥.),  but  undergoes 
slight  decomposition.  It  has  the  sp.  gr.  1*074  at  10°  (50°  F.)  ;  is  soluble  in 
water  and  alcohol ;  and  does  not  solidify  when  cooled  to  —  1 7°  (i°'4  F,).  Thiacetic 
acid  furnishes  a  series  of  metallic  salts  analogous  in  composition  to  the 
corresponding  acetates;  the  lead  salt,  (CH3.COS)2Pb,  obtained  by  precipitating 
a  solution  of  plumbic  acetate  with  thiacetic  acid,  is  one  of  the  most 
characteristic :  it  crystallizes  from  hot  water  in  colourless  silky  needles,  which, 
however,  soon  blacken  even  in  the  dry  state.  The  ethylic  salt,  obtained  by 
the  action  of  phosphorus  pentasulphide  on  ethylic  acetate,  boils  at  about  80° 
(176°).  Thiacetic  acid  is  decomposed  with  explosive  violence  by  warm  nitric 
acid;  when  submitted  to  the  action  of  chlorine  gas,  it  yields  acetic  chloride, 
hydrochloric  acid  and  sulphur  chloride,  and  it  is  acted  upon  in  a  similar  manner 
by  phosphorus  pentachloride  ;  it  is  also  decomposed  by  sulphuric  acid.  When 
it  is  mixed  with  aniline,  a  reaction  soon  takes  place,  sulphuretted  hydrogen 
being  evolved,  and  eventuallj^  a  crystalline  mass  of  acetanilide  remains: 
CH3.COSH  +  CgH^.NH2  -  C3H,.NH(CH3.CO)  +  SH2. 

(1755)  Acid  Halides  derived  from  the  Acids  of  the 
Acetic  Series. — These  compounds  are  formed  by  the  displace- 
ment of  the  group  OH  in  the  carboxyl  group  by  halogens^  and 
are  produced  by  the  action  of  the  haloid  phosphorus  compounds 
on  the  acids  themselves,  their  salts,  or  the  corresponding  anhy- 
drides. The  displacement  of  OH  in  the  COOH  ^roup  by 
halogens  cannot  be  affected  by  the  action  of  the  haloid  acids  as 
in  the  case  of  the  carbinols ;  acid  chlorides  may,  however,  be 
obtained  by  the  action  of  hydrochloric  acid  on  the  acids  in  pre- 
sence of  a  powerful  dehydrating  agent  such  as  phosphoric 
anhydride. 

3  I  2 


852  ACIDS   OF  THE  ACETIC   SERIES.  ['^75^- 

The  acid  halides  may  also  be  regarded  as  formed  from  the 
aldehydes  by  the  displacement  of  H  in  the  group  COH  by  a 
halogen,  and  several  of  them  have  been  produced  in  this 
manner. 

The  acid  halides  are  extremely  active  bodies,  entering  readily 
into  reaction  with  a  large  number  of  other  compounds,  especially 
hydroxyl  and  amidogen  derivatives  ;  they  are  decomposed  even  by 
cold  water :  those  of  lowest  molecular  weight  being  most  readily 
acted  upon. 

Acid  halides  derived  from  formic  acid  are  unknown,  this 
acid  being  completely  decomposed  by  the  haloid  phosphorus 
compounds;  thus:   H.COOH  +  PCl5  =  CO  +  2HCl  +  POCl3. 

(1756)  Acetic  Chloeide  ;  Chloride  of  acetyl :  CHg.COCl. — This  com- 
pound is  most  readily  prepared  by  adding  phosphorus  trichloride  to  acetic  acid  in 
proportions  in  accordance  with  the  equation  3CH3.COOH  +  PCI3  =  3CH3.COCI  + 
HgPOg,  warming  the  mixture  to  complete  the  reaction  and  then  distilling ;  the 
product  merely  requires  a  single  rectification.  It  may  be  prepared  in  a  similar 
manner  with  the  aid  of  phosphorus  pentachloride  or  oxychloride,  or  by  the 
action  of  each  of  these  three  pliosphorus  compounds  on  the  metallic  acetates. 
The  action  of  phosphorus  pentachloride  on  acetic  acid  is  expressed  by  the 
equation  :  CH3.COOH  +  PCl^  -  CHg.COCl  4-  POCI3 ;  this  reaction  takes  place 
with  great  readiness  and  may  be  effected  entirely  without  the  aid  of  heat,  but  a 
volatile  phosphorus  compound  being  formed,  this  method  is  less  well  adapted 
for  the  preparation  of  the  pure  chloride.  When  phosphorus  oxychloride  acts  on 
a  metallic  acetate,  such  as  sodic  acetate,  the  following  i-eaction  occurs:  POCI3 + 
2CH3.C00Na  =  2CH3.COCI  +  NaCl  +  NaPO^. 

Acetic  chloride  is  also  formed  by  the  action  of  phosphorus  pentachloride  on 
acetic  anhydride,  (CHg.CO)^ ;  by  the  action  of  chlorine  on  acetaldehyde 
(comp,  1628)  and  by  the  action  of  hydrochloric  acid  in  presence  of  phosphoric 
anhydride  on  acetic  acid  :  this  latter  reaction  takes  place  even  at  0°  (32°  F.) 
(comp.  Friedel,  Compt.  Head.,  Ixviii.  1557  ;  Demole,  Deut.  chem.  Ges.  Ber.,  x. 

1790)- 

A(!etic  chloride  is  a  colourless,  mobile,  pungent-smelling  liquid,  of  the  sp.  gr. 
I.130J  at  0°  (32°  F.)  ;  it  boils  at  55°  (131°  F.).  It  fumes  strongly  in  moist 
air,  and  is  immediately  decomposed  with  explosive  violence  when  placed  in 
contact  with  water. 

Acetic  Bromide  or  Bromide  ofapetyl:  CHg.COBr,  is  prepared  in  a  precisely 
similar  manner  by  means  of  the  bromides  of  phosphorus,  and  closely  resembles 
the  chloride,  but  boils  at  81°  (r77°-8  F.). 

Acetic  Iodide  or  Iodide  of  acetyl:  CH3.COI,  cannot  be  obtained  by  the 
action  of  phosphorus  tri-iodide  on  acetic  acid,  but  is  produced  by  acting  with 
this  iodide  on  acetic  anhydride  (Guthrie,  Ann.  Chem.  Pharm.,  ciii.  335),  or 
potassic  acetate  {QAho\xr&,  Compt.  Rend.,  sWv.  1252).  According  to  Guthrie, 
iodine  is  gradually  added  to  a  mixture  of  acetic  anhydride  and  a  slight 
excess  of  phosphorus  ;  the  flask  or  retor  ^containing  the  mixture  is  then  heated 
for  a  short  time  to  complete  the  reaction,  after  which  the  product  is  distilled  off, 
violently  shaken  with  mercury  to  remove  iodine,  and  rectified.  It  boils  at  108° 
(226°"4  F.),  but  is  partially  decomposed,  and  therefore  cannot  be  obtained 
colourless  in  this  manner;  like  the  corresponding  chloride  and  bromide,  it  is 
immediately  decomposed  by  water.     Attempts  to  prepare  diacetyl  from  it  by  the 
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action  of  metals  have  been  unsuccessful :  it  is  violently  acted  upon  by  finely- 
divided  silver,  and  a  liquid  product  is  obtained  which  consists  almost  entirely  of 
acetic  acid  and  acetic  anhydride,  mixed,  however,  with  a  small  quantity  of  an 
extremely  pungent-smelling  substance,  which  gradually  decomposes  on  keeping, 
furnishing  a  black  carbonaceous  matter ;  a  solid  product  is  also  formed,  and 
remains  mixed  with  the  argentic  iodide,  which  contains  less  hydrogen  than 
acetic  iodide  and  very  little  oxygen  (Wislicenus  and  Ponamareff,  Beut.  ckem. 
Ges.  Ber.,  iv.  525). 

The  acid  halides  homologous  with  those  of  acetic  acid  closely  resemble  these 
latter  in  their  properties.      The  following  are  known  : 


Propionic  chloride      ....  C^H^.COCl  .  . 

Propionic  bromide     ....  CgHg.COBr  .  . 

Propionic  iodide C^H^.COI    .  . 

Butyric  chloride  .      .     .     .     .  CgH^^.COCl  . 

Isobutyric  chloride     ....  {Gn^\QB..COG\ 

Isovaleric  chloride      ....  C^Hg.COCl  .  . 

Trimethacetic  chloride     .     .     .  C(CH3)3.C0C1  . 


B.  P.  °  C. 

80 

97 
128 

lOI 

92 
115 


(1757)  Acetic  Cyanide;  Acetyl  cyanide:  C3H3ON  =  CH^.CO.CN. — To 
prepare  this  compound,  a  mixture  of  acetic  chloride  and  argentic  cyanide  in 
equivalent  proportions  is  heated  in  sealed  tubes  for  one  or  two  hours  at  100° 
(212°  F.).  It  is  a  colourless  liquid,  lighter  than  water,  smelling  both  of  acetic 
and  hydrocyanic  acids;  it  boils  at  93°  (i99°'4  P.).  When  brought  into  contact 
with  water,  it  gradually  dissolves  in  it,  forming  acetic  and  hydrocyanic  acids. 
If  it  be  preserved  in  a  corked  flask,  or  treated  with  solid  potassic  hydrate  or  with 
sodium,  it  is  converted  into  an  oil  insoluble  in  water,  which  after  a  time  becomes 
crystalline.  This  substance  is  also  a  produce  of  the  action  of  acetic  chloride  on 
argentic  cyanide,  and  is  polymeric  with  the  liquid  cyanide ;  its  vapour  densit}' 
corresponds  with  the  formula,  CgHgO.^N^.  It  melts  at  69°  (i^'56°"2  P.),  and  boils 
at  about  208°  (4o6°-4  P.)  (comp.  Pileti,  Deut.  chem.  Ges.  Ber.,\x.  82) ;  when 
heated  with  water  in  sealed  tubes,  or  with  concentrated  sulphuric  acid,  it  yields 
acetic  and  hydrocyanic  acids  (Hiibner,  Ann.  Chem.  Tharm.,  cxx.  334;  cxxiv. 
315).  According  to  Claisen  and  Shad  well  {Deut.  chem.  Ges.  Ber.,  xi.  621),  when 
well-cooled  acetic  cyanide  is  mixed  with  a  quantity  of  highly  concentrated  hydro- 
chloric acid  containing  exactly  the  amount  of  water  required  by  the  proportion 
C3H3ON  :  OH,^,  a  crystalline  amide  of  the  composition  CgH.O^N  is  formed,  which 
on  digestion  with  dilute  hydrochloric  acid  is  converted  into  an  acid  of  the  com- 
position €311^03,  closely  agreeing  in  its  properties  with  pyruvic  acid  (q.  v.). 

Isovaleric  cyanide :  C^Hg.CO.CN. — By  acting  on  isovaleric  chloride  with 
argentic  cyanide,  this  cyanide  is  obtained  as  a  colourless  thick  fluid  boiling  at 
145° — 150"  (293° — 302°  F.)   (Hiibner,  ibid.,  cxxxi.  74). 

(1758)  Acid  Oxides  or  Anhydrides  derived  from  the 
Acids  of  the  Acetic  Series. — The  anhydrides  bear  the  same 
relation  to  the  corresponding  acids  that  the  ethers  or  basic 
oxides,  such  as  ethylic  ether,  bear  to  the  corresponding  mono- 
hydric  alcohols  ;  thus  : 

C,H,.0H;         ^AJO.  CH3.C0(0H);    ch'SI^- 

Ethylic  alcohol.  Ethylic  oxide.  Acetic  acid.  Acetic  oxide. 

(Ethylic  ether.)  (Acetic  anhydride.) 

They  are  chiefly  distinguished  from  the  ethers  by  the  readiness 
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with  which  they  enter  into  reaction  with  water  and  basic 
oxides. 

The  anhydrides  are  usually  prepared  by  the  action  Of  the  acid 
chlorides  on  metallic  salts  of  the  acids,  the  sodic  salts  being 
most  frequently  employed.  Reaction  takes  place  at  once  on 
bringing  the  two  compounds  together,  considerable  heat  being 
developed ;  to  complete  the  reaction,  the  mixture  is  heated  for  a 
short  time  and  then  distilled.  If  the  metallic  salt  and  the  acid 
chloride  be  derived  from  the  same  acid,  a  simple  anhydride  is 
produced ;  thus : 

CHg.COONa   +   CH3.COCI  =  NaCl   +   (CHg.COj^O. 

Sodic  acetate.  Acetic  chloride.  Acetic  anhydride. 

But  if  this  be  not  the  case,  a  mixed  anhydride  is  formed : 
CHg.COONa    +    CgH^.COCl   =  NaCl   +   c  h'  O)!^* 

Sodic  acetate.  Batyric  chloride.  Acetobutyric  anhydride. 

The  mixed  anhydrides  may  be  separated  from  the  metallic 
chloride  by  means  of  pure  ether,  but  not  by  distillation,  as  they 
undergo  decomposition  when  distilled,  being  resolved  into  a 
mixture  of  the  two  corresponding  simple  anhydrides ;   thus  : 

CH3.COI  CH3.CO)       _   CH3.COI  C3H,.CO| 

CaHj-COj       "^   CjHj.COl       ~   CHj.COjO    "*"   C^Hj.COJ 

Aceto-butyric  anhydride.  Acetic  anhydride.  Butyric  anhydride. 

In  preparing  the  simple  anhydrides,  it  is  not  essential  to 
first  prepare  the  acid  chloride  in  a  pure  state,  and  then  to  act 
upon  the  metallic  salt  with  it;  the  two  operations  may  be  com- 
bined in  one  by  acting  upon  the  metallic  salt  of  the  acid  with 
phosphoric  oxychloride  in  the  proportion  of  4  mols.  of  the 
former  to  1  of  the  latter.  From  one  half  of  the  metallic  salt 
and  the  oxychloride  there  is  formed  the  equivalent  amount  of 
acid  chloride  and  a  metallic  metaphosphate,  and  the  acid  chloride 
thus  produced  then  enters  into  reaction  with  the  remaining 
portion  of  the  metallic  salt. 

Simple  anhydrides  may  also  be  prepared  by  digesting  a 
mixture  of  an  acid  chloride  and  the  corresponding  acid  in  simple 
molecular  proportions,  as  long  as  hydrochloric  acid  is  evolved, 
the  product  being  purified  by  fractional  distillation ;  thus : 
CH3.COCl  +  CH3.COOH  =  HCl  +  (CH3.CO)20.  A  modification 
of  this  method  consists  in  adding  phosphorus  trichloride  to  the 
acid  in  the  proportion  of  i  mol.  to  6  mols.,  the  mixture  beiug 
subsequently  heated  in  a  flask  or  retort  attached  to  a  reversed 
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condenser  until  the  evolution  of  hydrocliloric  acid  is  at  an  end, 
and  then  distilled. 

The  following  simple  anhydrides  of  the  series  are  known : 

B.P.  °  c. 
Acetic  anhydride      ....      (CHg.CO)^      .      .  138° 

Propionic  anhydride      .      .      .      (Ccfl^.CO)fi     .      .  165° 

Butyric  anhydride     ....      {C^ilj'^.CO)^Q    .      .   191° — 193° 
Isovaleric  anhydride*     .      .      .      (C^Hg.COjgO     .      .  215° 

Trimethacetic  anhydride      .      .      [(CH3)3C.CO]p     .  190° 

(1759)  Acetic  Oxide  or  Anhydeide  :  C^Ufi^-  (OHg.CO)^©. — Acetic  an- 
hydride is  most  conveniently  prepared  by  the  action  of  acetic  chloride  on  either 
acetic  acid  or  sodic  acetate.  It  is  also  formed  on  adding  acetic  chloride  to  baric 
oxide :  the  reaction  commences  in  the  cold,  and  is  completed  by  heating  the 
mixture  in  sealed  tubes  at  100°  (212°  F.).  Calcic  oxide  is  acted  npon  with 
such  violence  by  acetic  chloride  that  it  becomes  red-hot  if  much  of  the  chloride 
be  added  at  a  time ;  plumbic  oxide,  however,  is  but  slightly  affected  even  at 
150°  (302°  F.)  (Gal,  Ann.  Chem.  Pharm.,  cxxviii.  126).  According  to 
Broughton  {Qhem.  Soc.  Journ.,  xviii.  121),  it  may  be  obtained  by  heating  a 
mixture  of  plumbic  acetate  and  carbonic  bisulphide  in  sealed  tubes  at  165^^ 
(329°  F.),  plumbic  sulphide  and  carbonic  anhydride  being  the  accessory  products. 

Acetic  anhydride  is  a  colourless,  mobile,  pungent-smelling  liquid,  of  the 
sp.  gr.  1-073  at  20°-5  (68°-9  F.);  it  boils  at  138°  (28o°-4  F.).  When  poured 
into  water,  it  falls  through  it  in  oily  drops,  which  however  soon  dissolve,  form- 
ing acetic  acid ;  alkaline  solutions  decompose  it  much  more  readily,  and  it  is 
also  acted  upon  by  anhydrous  basic  oxides,  such  as  calcic  oxide,  the  corresponding 
metallic  acetate  being  formed.  A  number  of  acid  oxides  also  enter  into  reaction 
with  it :  thus  with  chlorine  monoxide,  it  forms  chlorine  acetate — a  compound 
which  has  already  been  described ;  and  when  it  is  boiled  with  arsenious  and 
boric  oxides,  syrupy  liquids  are  obtained,  which  solidify  on  cooling  to  vitreous 
masses :  the  compounds  thus  produced  may  be  regarded  as  formed  by  the  dis- 
placement of  H  in  the  COOH  group  of  acetic  acid  by  the  oxygenated  radicles 
AsO  and  BO.  These  compounds,  however,  unlike  those  produced  by  the  agency 
of  the  basic  oxides,  are  all  readily  decomposed  by  water. 

Acetic  anhydride  is  dissolved  by  ethylic  alcohol  with  formation  of  ethylic 
acetate,  and  it  enters  into  reaction  more  or  less  readily  with  all  alcohols  and 
hydroxy-compounds  in  a  similar  manner. 

It  is  also  readily  acted  upon  by  ammonia  and  by  many  amines,  forming  acid 
amides;  for  example : 

(CH3.C0),0  f   2NH,  =  CHg.COCNHJ  +  CHa.COONH^. 

Acetic  anhydride.  Acetamide.  Amnionic  acetate. 

On  passing  chlorine  into  acetic  anhydride  heated  to  100°  (212°  F.),  acetic 
chloride  distils  over,  leaving  monochloracetic  acid  in  the  retort :  (CH3.CO)20  + 
CI2  =  CH3.COCI  +  CH^Cl.COOH  J  bromine  acts  upon  it  in  a  similar  manner 
even  more  readily,  but  iodine  is  without  action  even  at  200°  (392°  F.).  It  is 
also  readily  decomposed  by  hydrochloric  acid  gas  at  100°  (212°  F.),  acetic 
chloride  and  acetic  acid  being  produced:  (CH3.CO)20 -h  HCl  -  CH3.COCI -I- 
CH3.COOH.  Phosphoric  pentachloride  entirely  converts  it  into  acetic  chloride: 
PCI,  +  (CH3.CO)20  =  2CH3.COCI  +  POCI3. 


*  Probably  a  mixture  of  the  anhydrides  of  isoprimary  and  secondary  valeric 
acids. 
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When  a  mixture  of  acetic  anhydride  and  acetic  acid  is  treated  with  sodium 
amalgam,  the  hydrogen  liberated  from  the  acid  reduces  the  anhydride,  converting 
it  into  ethylic  alcohol.  The  mixed  anhydrides  furnish  a  mixture  of  the  two 
corresponding  alcohols,  acetobutyric  anhydride,  for  example,  yielding  ethylic  and 
butylic  alcohols  (Linnemann,  Ann.  C/iem.  Pkarm.,  clxi.  185). 

Zincic  ethide  acts  with  great  violence  on  acetic  anhydride,  but  if  a  mixture  of 
ethylic  iodide  and  acetic  anhydride  be  dropped  upon  a  quantity  of  zinc-sodium 
alloy,  the  reaction  takes  place  more  gradually,  and  is  complete  in  about  30 
hours ;  if  water  be  then  carefully  added,  and  the  mixture  distilled,  methylethyl- 
ketone  is  obtained  (M.  Saytzeff,  Zeits.  C/iem.,  [2],  vi.  104). 

(i  760)  Tkimeth ACETIC  Anhydeide  :  [C(CH3)3.CO].p,  obtained  by  heating 
a  mixture  of  trimethacetic  chloride  and  an  excess  of  potassie  trimethacetate  in 
sealed  tubes  at  150°  (302°  F.),is  a  colourless  liquid,  lighter  than  water,  possess- 
ing a  faint,  peculiar,  but  not  pungent  odour;  it  boils  at  about  190°  (374°  F.). 
Cold  water  has  apparently  no  action  upon  it,  and  even  dilute  potassie  hydrate 
solution  attacks  it  but  slightly,  although  it  is  violently  acted  upon  by  a  slightly 
warm  concentrated  solution  (Butlerow,  Ann.  Chem.  Pharm.,  clxxiii.  374). 

(1761)  Acetic  Thianhydeide  :  (CH3.CO)2S. — This  compound  may  be 
prepared  by  gradually  adding  acetic  chloride  to  well-cooled  crystallized 
potassie  sulphide.  It  is  a  colourless  liquid,  of  alliaceous  odour,  boiling  at  121° 
(249°-8  F.) ;  it  is  not  acted  upon  by  dilute  nitric  acid,  but  the  fuming  acid  dis- 
solves it,  forming  acetic  and  sulphuric  acids  (Lukaschewicz,  Zeits.  Chem.,  [2],  iv. 
642). 

(1762)  Acetic  Peeoxide:  (CHg.COO)^. — This  compound  is  formed  by  the 
action  of  baric  peroxide  on  acetic  anhydride,  in  accordance  with  the  equation : 


jo    +    BaO,    =   ch'cOo}    "^  ^^(^^0,),. 


CH3.CO  ]  ^         „  ^  CH„.COO 

^  CH„.CO 


Acetic  anhydride.  Acetic  peroxide.         Baric  acetate. 

In  preparing  it,  the  anhydride  is  dissolved  in  anhydrous  ether,  and  the  peroxide 
added  very  gradually,  as  the  reaction  is  attended  with  development  of  heat; 
the  solution  is  then  filtered  from  the  baric  acetate,  the  ether  carefully  distilled 
off  at  as  low  a  temperature  as  possible,  and  the  residue  washed  with  water 
until  the  washings  are  no  longer  acid. 

Acetic  peroxide  is  a  viscid  liquid,  extremely  pungent  to  the  taste ;  it  is 
highly  unstable,  and  a  most  dangerous  substance  to  manipulate,  as  it  explodes 
with  great  violence  when  gently  heated.  Like  all  peroxides,  it  exhibits  pro- 
nounced oxidizing  properties,  immediately  decolorizing  a  solution  of  sulph- 
indigotic  acid,  converting  potassium  ferrocyanide  into  ferricyanide,  and  liberating 
iodine  from  hydriodic  acid  and  potassie  iodide,  but  it  does  not  reduce  chromic 
or  permanganic  acid  in  an  acid  solution ;  on  adding  to  it  a  solution  of  baric 
hydrate,  baric  acetate  and  hydrated  baric  peroxide  are  at  once  formed  (Brodie, 
So^/.  Soc.  Proc,  ix.  361). 

Butyric  QXi^  isovaleric  ^^er  ox  ides  have  been  prepared  in  a  similar  manner, 
and  appear  to  resemble  the  acetic  compound  in  their  properties  (ibid.,  xii.  655). 

(1763)  Acetic  Dtsulphide  :  (CHgCOS)^. — This  compound  apparently 
bears  the  same  relation  to  thiacetic  acid  that  acetic  peroxide  bears  to  acetic 
acid,  and  may  be  produced  by  the  action  of  iodine  on  metallic  salts  of  thiacetic 
acid  (Kekiile  and  Linnemann)  :  2CH3.COSK  +  I^  =  (CHg.COS)^  +  2KI,  or  by 
electrolysis  of  these  salts  (Bunge,  Deut.  chem.  Ges.  Ber.,  iii.  295,  911),  e.g.  : 
2CH3.COSK  =  (CH3.COS),  +  2K.  It  forms  large  colourless  crystals,  which  melt 
at  20°  (68°  F.),  and  are  readily  soluble  in  alcohol,  ether,  and  carbonic  bisulphide, 
but  insoluble  in  water ;  it  is  slowly  decomposed  by  cold,  and  quickly  by  boiling 
water,  sulphur  and  thiacetic  acid  being  formed.     It  cannot  be  distilled. 
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(1764)  Haloid  Derivatives  of  the  Acids  of  the  Acetic 
Series. — These  are  formed  from  the  unsubstituted  acids  by  the 
displacement  of  one  or  more  atoms  of  hydrogen  in  the  CnHgn^^ 
group  by  the  corresponding  number  of  atoms  of  chlorine,  bromine 
or  iodine.  The  chloro-  and  bromo-acids  may  be  produced  by  a 
variety  of  methods  which  are  more  or  less  general. 

1.  By  the  direct  action  of  chlorine  or  bromine  on  the  acids 
themselves ;  thus : 

CH3.COOH    +   Br^   =  CHgBr.COOH    +   HBr. 

Acetic  acid.  Bromacetic  acid. 

2.  By  the  action  of  these  halogens  on  the  anhydrides  derived 
from  the  acids ;  e.g. : 

(CHg.CO)^    +    CI2  =   CH3.COCI    +    CHgCl.COOH; 

Acetic  anhydride.  Acetic  chloride.  Chloracetic  acid, 

and  also  by  their  action  on  ethereal  salts  of  the  acids : 

CH3.COOC2H5   +   Brg   =   CH^Br.COOH   +  CgHgBr. 

Ethylic  acetate,  Bromacetic  acid. 

Probably  in  this  and  the  preceding  case^  simple  haloid  derivatives 
of  the  compound  employed  are  first  produced,  but  are  at  once 
acted  upon  by  the  haloid  acid  formed  simultaneously  : 

(CHg.COJP    +   Brg  =   CHgBr.CO.O.CO.CHg    +    HBr; 
CHgBr.CO.O.CO.CHg  4-  HBr  =   CH^Br.COOH   4-    CHg.COBr. 

4.  By  the  combination  of  the  acids  of  the  CnH2n_i.C00H 
and  C„H2u_3.COOH  series  (a)  with  kaloid  acids,  and  (/3)  with 
halogens  : 

C2H3.COOH    +   HI  =  C2H4I.COOH. 

Acrylic  acid.  lodopropionic  acid. 

C2H3.COOH  4-  Br^  =    CgHgBrg.COOH. 

Acrylic  acid.  Dibromopropionic  acid. 

5.  By  the  action  of  haloid  acids  on  acids  of  the  lactic 
series  : 

CH2(OH).CH2.COOH    4-   HI   =  CHgl.CH^.COOH  4-   OH^. 

a-Hydroxypropionic  acid.  a-Iodopropionic  acid. 

6.  By  the  action  of  the  haloid  phosphorus  compounds  on 
acids  of  the  lactic  series,  the  acid  halide  which  is  formed  being 
subsequently  decomposed  by  water : 

CH3.CH(OH).COOH4-2PCl5  =  CH3.CHCl.COCl4-2POCl3  4-2HCl; 

/3-Hydroxypropionic  acid.  /S-Chloropropionic  chloride. 

CH3.CHCI.COCI  +   OH2   =  CH3.CHCI.COOH  4-    HCl. 

/S-Chloropropioiiic  chloride.  p-Chloropropionic  acid. 
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7.  By  oxidation  of  haloid  derivatives  of  alcohols  of  the  ethylic 
series  : 

CH.Br.CHBr.CH^.OH  +   2(0  + OH,)  =  CH.Br.CHBr.COOH  +   2OH,. 

Dibromopropylic  alcohol.  Dibromopropionic  acid. 

8.  By  oxidation  of  haloid  derivatives  of  aldehydes  of  the 
Cntlgn  ^i-COH  series  : 

CCI3.COH  +  (O  +  OHg)  =  CCI3.COOH  +  OHg, 

Tricblorethaldehyde.  Trichloracetic  acid. 

In  their  general  properties  they  most  closely  resemble  the 
parent  acids,  although  they  are  less  stable  compounds;  in  addi- 
tion, however,  to  what  may  be  termed  the  ordinary  reactions  of 
acids,  many  of  them — especially  the  monohaloid  acids — enter 
readily  into  reactions  of  double  decomposition,  exchanging  the 
halogen  for  other  radicles.  For  example,  when  heated  with 
water  or  the  weaker  basic  hydrates,  they  are  converted  into 
hydroxy- acids,  the  group  OH  displacing  the  halogen: 

CH2CI.COOH  +  OH2  =  CHgfOHj.COOH  +  HCl; 

Chloracetic  acid.  Hydroxyacetic  (glycolic)  acid. 

in  a  similar  manner,  by  the  action  of  ammonia,  they  are  con- 
verted into  amido-acids : 

CHgCl.COOH  +  3NH3  =  CHglNHgl.COONH^  +  NH^. 

Chloracetic  acid,  Ammonic  amidacetate. 

Many  of  them,  especially  those  derived  from  the  higher  homo- 
logues  of  acetic  acid  and  those  containing  several  atoms  of 
halogen,  lose  the  elements  of  one  or  more  molecules  of  haloid 
acid  when  distilled  alone,  or  heated  with  an  alkali,  and  are  con- 
verted into  acids,  or  haloid  derivatives  of  acids,  isologous  with  the 
acids  of  the  acetic  series. 

Haloid  derivatives  of  formic  acid  are  unknown,  this  acid 
being  completely  decomposed  by  chlorine  and  bromine,  but  ethe- 
real salts  of  chloroformic  acid,  Cl.COOH,  and  of  cyanoformic 
acid  are  obtainable  (1788). 

(1765)  Chloeacetic  Acids. — Acetic  acid,  even  if  heated  to  the  boiling 
point,  is  but  slowly  acted  upon  by  chlorine  in  the  dark  or  in  diffused  light ;  it 
is  more  rapidly  acted  upon  in  briorht  sunshine,  and  ultimately  converted  into 
trichloracetic  acid.  The  chlorination  is  much  more  readily  effected  if  iodine 
chloride  be  employed  ;  and  according  to  H.  JM  filler  {Journ.  Chem.  Soc.y  xvii. 
398),  the  mono-  and  dichlorinated  acid  may  even  be  advantageously  prepared  by 
passing  chlorine  into  the  boiling  acid  to  which  a  small  quantity  of  iodine  has 
been  added  (about  50  grams  to  the  ^  litre) ;  the  two  acids  are  separated  and 
purified  by  fractional  distillation.  Chloracetic  acid  is  most  readily  obtained, 
however,  by  passing  chlorine  into  acetic  anhydride  heated  to  100°  (212°  F.); 
acetic  chloride  then  distils  over,  leaving  the  almost  pure  acid  in  the  retort  (Gal). 
Pure  dichloracetic  acid  is    best   prepared  from   trichlorethaldeh^'drol  (chloral- 
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hydrate),  by  converting  this  compound  into  ethylic  dichloracetate  by  the  action 
ofpotassic  cj-anide  in  presence  of  alcohol;  thus:  CCl3.CH(0H)^  +  C^H  .OH  + 
KCN  =  CHCl^.COOC^H^  +  KCl  +  HCN  +  OH^.  A  quantity  of  the  pure  cyanide 
slightly  in  excess  of  that  indicated  by  this  equation  is  placed  in  a  flask  connected 
with  a  reversed  condenser  (provided  with  a  tube  for  the  escape  of  the  hydro- 
cyanic acid  gas)  and  covered  with  a  layer  of  absolute  alcohol  ;  a  moderately  con- 
centrated alcoholic  solution  of  trichlorethaldehydrol  is  then  added  drop  by  drop, 
as  the  action  is  violent.  The  product  is  mixed  with  water,  and  the  oil  which 
separates  is  then  washed  with  water  and  afterwards  with  a  very  dilute  solution 
of  sodic  hydrate,  distilled  in  a  current  of  steam,  dried  and  rectified.  The  pure 
ethylic  salt  thus  obtained  is  diluted  with  about  an  equal  volume  of  alcohol  and 
mixed  with  an  alcoholic  solution  of  the  requisite  amount  of  pure  potassic 
hydrate  j  decomposition  at  once  takes  place,  and  the  liquid  becomes  filled  with  a 
mass  of  crystals  of  potassic  dichloracetate.  These  crystals  are  dried  and  intro- 
duced into  a  combustion  tube,  placed  in  an  inclined  furnace  and  connected  at  the 
one  end  with  an  apparatus  for  evolving  hydrochloric  acid  gas  and  at  the  other 
with  a  condenser ;  on  passing  the  gas,  it  is  absorbed  and  dichloracetic  acid  is 
produced.  When  the  gas  escapes  from  the  condenser,  the  decomposition  may  be 
judged  complete,  and  the  acid  is  distilled  off  in  a  slow  stream  of  hydrochloric  acid 
(Wallach,  Ann.  Chem.  Pharm.,  clxxiii.  288  ;  Deut.  chem.  Ges.  Ber.,  ix.  12 12).* 

Trichloracetic  acid  is  readily  obtained  by  adding  trichlorethaldehydrol  (chloral- 
hydrate)  to  about  three  times  its  weight  of  fuming  nitric  acid,  completing  the 
reaction  by  warming,  and  then  distilling. 

The  chloracetic  acids,  and,  indeed,  all  the  haloid  derivatives  of  acetic  acid,  are 
highly  caustic  substances,  causing  painful  blisters  if  applied  to  the  skin  j  they 
are  readily  soluble  in  water,  and  are  reconverted  into  acetic  acid  by  nascent 
hydrogen. 

Chloracetic  acid  forms  rhombic  plates,  melting  at  62°  (i43°'6  F.),  and  boils 
undecomposed  at  about  186°  (366°'8  F.) ;  it  furnishes  a  number  of  crystalline 
metallic  salts,  amongst  others  the  silver  salt  CH^Cl.COOAg,  which  separates 
from  a  hot  aqueous  solution  on  cooling  in  colourless  nacreous  scales.  By  boiling 
with  water,  chloracetic  acid  is  converted  into  hydroxyacetic  acid  (glycolic  acid), 
CH^(OH).COOH. 

Dichloracetic  acid  is  liquid  at  ordinary  temperatures,  but  solidifies  when 
cooled  below  0°  (32°  F,)  ;  it  boils  at  about  190°  (374°  F.).  Its  potassic  salt 
crystallizes  in  glistening  plates. 

Trichloracetic  acid  crystallizes  in  colourless  rhombohedra,  melting  at  ^2°' 4 
(i26°*3  F.)  ;  it  boils  at  about  195°  (383°  F.).  It  furnishes  a  series  of  metallic 
salts,  which  may  be  obtained,  many  of  them  in  the  crystalline  state,  by  neutra- 
lizing a  solution  of  the  acid  with  the  corresponding  metallic  oxide  or  hydrate, 
and  then  concentrating  over  sulphuric  acid  (comp.  Clermont,  Ann.  Chim.  Phys.^ 
[5],  ii.  401  ;  Judson,  Deut.  chem.  Ges.  Ber.,m.  782);  if  the  solution  be 
heated,  the  trichloracetate  is  decomposed,  the  corresponding  formate  and  trichloro- 
methane  being  produced. 

The  ethylic  salts  of  these  acids  boil  respectively  at  143°  (289°-4  F.),  156° 
(3i2°-8  F.),  and  164°  (327°-2  F.). 

Monochloracetic  chloride,  CHgCl.COCl,  boils  at  105°  (221°  F.)  and  trichlor- 
acetic chloride,  CCI3.COCI,  at  118°  (244°'4  F.). 


*  The  manner  in  which  this  remarkable  reaction  is  to  be  interpreted  has 
been  the  subject  of  much  discussion  (comp.  Wallach,  ibid.,  x.  2 120 ;  Claus,  Hid., 
xi.  498). 
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(i  766)  Beomacetic  Acids. — Monohromaceiic  acid :  CH^Br.COOH,  may  be 
formed  by  the  direct  action  of  bromine  on  acetic  acid ;  by  heating  ethylic  acetate 
with  bromine  at  150°  (302°  F.)  (Crafts)  ;  by  heating  hydroxyacetic  (glycoJic) 
acid  with  a  saturated  solution  of  hydrobromic  acid  at  100°  (212°  F.)  (Kekule) ; 
by  the  action  of  bromine  on  anhydrous  glycerol  (Barth) ;  and  by  oxidation  of 
monobromacetylene  in  moist  air  (Glockner,  Ann.  Chem.  Pharm.,  Sup.,\\\.  114). 
To  prepare  it,  a  mixture  of  bromine  with  twice  the  requisite  amount  of  acetic 
acid  is  enclosed  in  strong  tubes,  the  temperature  of  which  is  then  merely  raised 
to  150°  (302°  F.)  ;*  when  sufficiently  cool,  the  tubes  are  carefully  opened  and 
their  contents  heated  in  a  retort  to  200°  (392°  F.);  the  residue  consists  of  a 
mixture  of  the  monobromo-acid  with  a  small  quantity  of  dibromacetic  acid,  and 
may  be  purified  by  conversion  into  the  lead  salt,  &c.  (Perkin  and  Duppa, 
Journ.  Chem.  Soc,  xi.  22). 

Dibromacetic  acid :  CHBrg.COOH,  may  be  obtained  by  the  action  of  bro- 
mine in  bright  sunshine  on  heated  bromacetic  acid  [ibid.,  xii.  i),  but,  according 
to  Carius,  it  is  best  prepared  by  heating  a  mixture  of  ethylic  acetate  and  a  slight 
excess  of  bromine  in  sealed  tubes  at  120° — 130°  (248° — 266°  F.)  {Deut.  chem. 
Ges.  Ber.,  iii.  2>2t^)- 

Trihromacetic  acid  :  CBrg.COOH,  is  formed  by  the  action  of  water  on  tri- 
bromacetic  bromide. 

Bromacetic  acid  forms  deliquescent  rhombohedral  crystals,  melting  below  100° 
(212°  F.);  it  boils  at  about  208°  (4o6°"4  F.).  Dibromacetic  acid  is  also 
crystalline  when  pure;  it  boils  between  225""  and  230° (437° — 446°  F.),  but  is 
partially  decomposed.  Tribomacetic  acid  melts  at  135°  (275°  F.),  and  boils  at 
250"  (482°  F.)  (Gal):  when  heated  with  alkalies, .it  yields  tribromomethane 
and  a  formate.  Mono-  and  dibromacetic  acids  furnish  a  number  of  characteristic 
salts  ;  the  tribrom acetates  have  not  been  examined. 

The  bromacetic  bromides  have  been  prepared  by  heating  acetic  bromide  with 
bromine.  A  remarkable  method  of  forming  mono-  and  dibromacetic  bromides 
has  also  been  recently  described  by  Demole  {Devt.  chem.  Ges.  Ber.,  xi. 
315,  1302),  consisting  in  agitating  a-dibromethylene,  CHBrZZCHBr,  and  tri- 
bromethylene  respectively  with  dry  oxygen,  which  is  rapidly  absorbed  with 
considerable  development  of  heat.     It  may  be  supposed  that  the   corresponding 


*  Hell  and  Miillhauser  have  recently  shown  (Deut.  chem.  Ges.  Ber.,  x.  2102; 
xi,  241)  that  when  a  mixture  of  acetic  acid,  bromine  and  carbonic  bisulphide  is 
allowed  to  stand,  prismatic  crystals  of  a  compound  of  the  formula  C^ip^v^ 
are  deposited,  which  are  not  formed  in  the  absence  of  the  bisulphide.  On  adding 
the  bisulphide  to  the  mixture  of  bromine  and  acetic  acid  heat  is  developed,  and 
if  sufficient  be  added  crystals  soon  separate,  the  rate  at  which  crystals  form  being 
apparently  strictly  proportional  to  the  amount  of  bisulphide  present ;  moreover, 
carbonic  bisulphide  not  only  induces  the  formation  of  acetic  dibromide,  but  also 
greatly  facilitates  the  formation  of  substitution  derivatives.  Although  appa- 
rently no  change  takes  place  on  heating  a  mixture  of  bromine  and  acetic  acid  at 
100°  (212°  F.)  for  about  40  hours,  after  about  45  hours  crystals  are  formed,  but 
these  are  perhaps  a  compound  of  acetic  acid,  bromine  and  hydrobromic  acid. 
By  adding  bromine  to  a  saturated  solution  of  hydrobromic  acid  in  acetic  acid 
crystalline  compounds  of  the  formula  2C2H^02.Br2.HBr  or  4C2H^02.3Br.^.2HBr 
are  formed  according  to  the  proportion  of  bromine  used.  In  a  similar  manner 
a  crystalline  compound  of  bromine  with  acetic  and  hydrochloric  acids  may  be 
obtained,  and  crystalline  substances  are  also  produced  sooner  or  later  on  adding 
iodine,  sulphur,  phosphorus  or  ethyl  bromide  to  a  mixture  of  bromine  and  acetic 
acid.      Formic  acid  apparently  also  forms  an  additive  compound  with  bromine. 
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oxide  is  first  formed,  bat  is  immediately  converted  into  the  acid  bromide  by 
an  isomeric  change  perhaps  similar  to  that  by  which  ketones  of  the  form 
CnH^n  4- i.C0.C(C„H2„  + 1)3  are  produced  from  the  glycols  of  iy^ie  form 
[C(CJ1.2n  f  i)r^^^2  (comp.  p.  773).  a-Chlorobromethylene,  CHClZZCHBr, 
yields  a  mixture  of  bromacetic  chloride  and  chloracetic  bromide,  but  monobrom- 
tetrachlor-  and  tetrabromethylene  are  not  altered  on  agitation  with  oxygen.  The 
formation  of  trichloracetic  acid  on  exposure  of  tetrachlorethylene  in  contact  with 
water  and  chlorine  to  sunshine  (Kolbe),  and  of  trichloracetic  chloride  by  the  action 
of  sulphuric  anhydride  on  the  same  body  (Prudhomme),  may  doubtless  be 
classed  in  the  same  category  of  reactions. 

(1767)  loDACETic  Acids. — Mono-  and  diiodacetie  RGids  have  been  obtained 
by  displacing  the  bromine  in  the  ethylic  salts  of  the  corresponding  bromo-acids 
by  iodine  by  double  decomposition  with  potassic  iodide,  converting  the  ethylic 
salts  thus  prepared  into  baric  salts  by  treatment  with  baric  hydrate  solution, 
and  displacing  the  metal  in  these  latter  by  hydrogen  by  means  of  a  mineral  acid. 

They  are  both  crystalline,  and  furnish  crystalline  salts  (Perkin  and  Duppa, 
Phil.  Mag.  [4],  xviii.  54;  Journ.  Chem.  Sac,  xiii.  i).  Moniodacetic  acid  is 
reduced  to  acetic  acid  by  a  concentrated  solution  of  hydriodic  acid  even  in  the 
cold  (Kekule). 

(1768)  Cyanacetic  Acid:  CH2(CN).C00H. — This  acid  is  prepared  by 
heating  ethylic  monochloracetate  with  an  aqueous  solution  of  potassic  cyanide. 
It  is  a  crystalline  substance  melting  at  80°  (176°  F,).  When  heated  to  165° 
(329°  F.)  it  is  resolved  into  carbonic  anhydride  and  cyanomethane,  CHg.CN  (Van 
t'Hoff).     Its  ethylic  salt  boils  at  about  207°  (404°-6  F.). 

(1769)  Haloid  derivatives  of  Peopionic  Acid. — The  action  of  halogens 
on  propionic  acid  has  been  but  little  studied,  most  of  its  haloid  derivatives  having 
been  obtained  by  indirect  methods.  The  mono- derivatives  exist  in  the  two 
isomeric  modifications  represented  respectively  by  the  formulae  CH^X.CHg.COOH 
and  CH3.CHX.COOH,  and  of  the  three  possible  dichloro-  and  dibromo-acids 
those  of  the  forms  CH^X.CHX.COOH  and  CHg.CX^.COOH  are  known,  but  the 
higher  derivatives  have  not  been  examined.* 

a-Monochloro-,  hromo-,  and  iodopropionic  acids  are  formed  by  the  direct 
union  of  the  corresponding  haloid  acids  with  acrylic  acid,  thus  :  CH^ZZCH.COOH 
+  HC1  =  CH2C1.CH^.C00H.  The  iodo-acid  (usually  termed  /3-iodopropionic 
acid)  may  also  be  produced  by  the  action  of  hydriodic  acid  or  phosphorus  iodide 
on  glyceric  acid:  CH^(OH).CH(OH).COOH  +  2HI  -  CHJ.CHI.COOH  +  20H„; 
CH  J.CHI. COOH  +  HI  =  CHJ.CH,.COOH  +  I^ ;  and  by  treatment  with  chloriiie 
or  bromine,  the  acid  thus  prepared  may  be  converted  into  the  corresponding 
chloro-  or  bromo-acid.  They  are  all  crystalline.  The  iodo-acid  forms  large- 
colourless  plates  difficultly  soluble  in  cold  water,  melting  at  ^t,° — 84°  (i8i°-4 — 
i83°-2  F.),  The  bromo-acid  melts  at  6i°'5  (i42°7  F.) ;  the  chloro-acid  at 
40-5  (io4°-9  F.).  

*  Until  recently  it  has  been  the  custom  to  employ  the  letters  a,  /3,  &c.,  merely 
to  distinguish  isomerides  and  without  reference  to  their  constitution,  the  com- 
pound first  discovered  usually  being  designated  as  the  a-body,  and  that  next  in 
order  of  discovery  as  the  /3-compound,  but  of  late  these  letters  have  been  used 
with  some  slight  regard  to  system,  the  mono-derivatives  of  normal  primary  acids 
of  the  form  C^Hgn  +  ^.CHX.COOH  being  as  a  rule  termed  a-compounds.  It 
appears  more  desirable,  however,  to  term  those  of  the  form  CH2X.(CHJ„.C00H 
a-derivatives,  as  they  belong  to  the  same  class  of  di-derivatives  of  the  normal 
paraffins  as  the  a-di-haloid  derivatives  such  as  the  dibromethane  CH^Br.CH^Br 
and  the  dibromopropane  CH^Br.CHj.CHjBr.     The  constitution  of  other  deriva- 
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(3-Chloropropio7iic  acid,  which  doubtless  wouhi  be  the  first  product  of  the 
action  of  chlorine  on  propionic  acid,  has  been  obtained  by  acting  on  ordinary- 
fermentation  lactic  acid,  CH3.CH(0H).C00H,  with  phosphoric  pentachloride  and 
treating  the  resulting  chloropropionic  chloride  with  water.  The  ft-bromo-acid 
may  be  formed  by  heating  propionic  acid  with  bromine  at  150°  (302°  F.),  or 
fermentation  lactic  acid  with  a  saturated  solution  of  hydrobroraic  acid.  ^-lodo- 
propionic  acid  is  produced  in  a  similar  manner  by  the  action  of  phosphorus 
iodide  on  lactic  acid  (Wichelhaus).     These  compounds  are  all  liquid. 

Of  the  two  sets  of  isomerides,  the  a-acids  are  relatively  much  more  stable 
bodies,  and  enter  less  readily  into  reactions  of  double  decomposition. 

Little  is  known  of  a^-dichloropropionic  acid.  The  /3''^-acid,  CHg.CCl.^COOH 
has  been  carefully  examined,  however  (Otto  and  Beckurts,  Deut.  chem.  Ges.  Ber,^ 
ix.  1876;  X.  2037) ;  it  is  obtained  by  heating  dichlorocyanethane,  CH3.CC1,.CN 
(formed  by  chlorinating  propionitrile)  with  concentrated  hydrochloric  acid  or 
slightly  diluted  sulphuric  acid,  and  its  ethylic  salt  may  be  produced  by  distilliuo- 
pyruvic  acid  with  phosphoric  pentachloride  and  treating  the  resulting  acid  chloride 
with  alcohol.  This  acid  furnishes  crystalline  salts,  which  are  readily  decomposed 
on  heating  their  aqueous  solutions,  a  metallic  chloride  and  the  chloracrylic  acid 
CHgZZCCl.COOH,  being  formed,  although  the  acid  itself  is  not  appreciably 
altered  by  boiling  water.  By  the  action  of  zinc  and  sulphuric  acid  at  ordinary 
temperatures  it  is  readily  converted  into  propionic  acid.  It  is  not  acted  upon 
by  chlorine  even  in  presence  of  iodine  at  an  elevated  temperature.  It  is  crystal- 
line at  low  temperatures,  and  boils  at  about  190°  (374°  F.). 

tives  is  conveniently  indicated  by  assigning  the  letter   a  to  the   terminal  CH 
group  and  the  letters  /3,  y,  &c.  to  the  several  CH2  groups  in  the  formula  com- 
mencing  with  that  next   to  the  terminal  CHg  group.     The  application  of  this 
system  will  be  best  understood  from  the  following  examples  : 
a       ^ 

CH3.CH2.COOH      ....     Propionic  acid. 

CH,Br.CH,.COOH  ....     a-Bromopropionic  acid. 

CHg.CHBr.'COOH    .     .     .     .     ^- 

CHBr^.CH^.COOH  .     .     .      .     a'-Dibromopropionic  acid. 

CH^Br.CHBr.COOH     .     .     .     a-^- 

CH„.CBr,.COOH      .     .     .     .     ^^ 

CBr^.CH^.COOH      ....     a'-Tribromopropionic  „ 

CHBr^.CHBr.COOH     .     .     .     a^-^- 

CH^Br.CBr^.COOH  .     .     .     .     a-/3'- 

CBr3.CHBr.COOH   ....     a'-/ii-Tetrabromopropionicacid. 

CHBr,.CBr,.COOH  ....     a'-^'- 

But  in  the  case  of  the  higher  acids,  and  especially  of  derivatives  of  acids  other 
than  normal  primary  acids,  it  will  in  most  cases  be  desirable  to  employ  names  indi- 
cating the  relation  to  lower  terms  of  the  series  :  thus,  the  two  bromobutyric  acids 

CH3.CH2.CHBr.COOH 
CH3.CBr(CH3).COOH 

are    most   conveniently  distinguished  by  terming  them  respectively  ethylbrom- 
acetic  acid  and  dim.ethylbromacetic  acid  ;  while  of  the  two  isomeric  acids 

CHg.CHBr.CH^.COOH 
CH2Br.CH(CH3).COOH 

the  former  may  be  designated  a-methyl-a-bromopropionic  acid,  and  the  latter 
jS-methyl-a-bromopropionic  acid. 
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a(3-Dibromopropionic  acid  is  formed  by  combining  acrylic  acid  with  bromine  ; 
by  oxidation  of  the  dibromopropylic  alcohol  prepared  by  combining  allylic  alcohol 
with  bromine ;  and  by  the  combination  of  both  a-  and  /3-bromacrylic  acid  with 
hydrobromic  acid.  0^-Dihromopropionic  acid  is  obtained  by  the  action  of 
bromine  on  propionic  acid  at  200°— 220°  (392°— 428°  F.)  (Miinder,  Caspary, 
Philippi,  Wagner  and  Tollens,  Ann.  Qhevn.  Pharm.,  cxlvii.  222,  240 ;  clxxi! 
314,  340).  Both  acids  furnish  crystalline  salts,  which — like  those  of  the 
dichloro-acid — are  decomposed  by  heat,  the  salts  of  the  jS'^'-acid,  with  the  exception 
of  the  silver  salt,  being,  however,  the  more  stable.  On  treatment  with  an 
alcoholic  solution  of  potassic  hydroxide,  they  are  converted  into  the  isomeric 
bromacrylic  acids,  CHBrZZCH.COOH  and  CH^ZT CBr.COOH  respectively; 
and  they  are  further  distinguished  by  their  behaviour  with  zinc  and  sulphuric 
acid,  whereby  the  a/3-acid  is  reduced  to  acrylic  acid,  whilst  the  /3^-acid  is  converted 
into  propionic  acid.  The  a/3-acid  melts  at  about  65°  (149°  F  )  the  /3^-acid  at 
ei""  (i4i°-8  F.). 

(1770)  Haloid  derivatives  of  Higher  Acids. — ^We  are  almost  unac- 
quainted  with  the  haloid  derivatives  of  acids  higher  in  the  series  than  propionic 
acid,  for  although  haloid  derivatives  of  several  have  been  obtained,  very  few 
have  as  yet  been  prepared  in  a  state  of  purity.  As  compared  with  acetic  acid, 
the  higher  acids  are  apparently  more  readily  acted  upon  by  the  halogens;  bromine, 
for  instance,  gradually  converting  normal  butyric  and  caproic  acids  into  bromo- 
acids,  even  at  a  temperature  of  100°  (212°  F.).  The  normal  primary  acids,  like 
the  normal  paraffins,  appear  to  furnish  isomeric  mono-derivatives  in  proportions 
which  vary,  with  the  temperature  at  which  the  reaction  takes  place;  thus, 
according  to  Erlenmeyer  {Deut.  cJiem.  Ges.  Ber.,^.  d'^d),  when  normal  butyric 
and  caproic  acids  are  digested  with  bromine  at  100  (212°  F.),  mono-bromo- 
acids  of  the  form  CyH^^  +  ^.CHX.COOH  are  almost  exclusively  produced,  whereas 
when  the  action  is  effected  by  heating  to  140°  (284°  F.)  the  product  contains  a 
much  larger  proportion  of  an  isomeric  bromo-acid  (corap.  Popolf,  ihid.,  viii.  540). 
Isoprimary  valeric  acid  is  converted  into  the  bromo-acid  of  the  formula 
(CH3)2CH.CHBr.COOH,  whilst  the  secondary  acid,  dimethacetic  (isobutyric)  acid, 
famishes  dimethbromacetic  acid,  CBr(CHg)2.C00H.  Hence  it  would  appear 
that  when  acids  of  the  form  R.CH^.COOH  and  E^.CH.COOH  are  submitted  to 
the  action  of  bromine,  the  chief  tendency,  in  the  first  instance,  is  for  hydrogen 
associated  with  the  carbon  atom  with  which  the  carboxyl  is  united  to  be  displaced. 

Butyric  acid  derivatives. — According  to  Markownikoff  (^e?'^5.  Chem.,  1868, 
621),  normal  butyric  acid  is  with  difficulty  attacked  by  chlorine  even  at  its 
boiling  point;  the  action  takes  place  much  more  readily  if  a  little  iodine  be 
added,  and  together  with  higher  chlorinated  derivatives,  a  crystallizable  chloro- 
butyric  acid  melting  at  98°  (2o8°"4  F.)  is  produced  in  small  quantity.  The  same 
chemist  states  (^Ann.  Chem.  Pharm.,  cliii.  240)  that  by  submitting  boiling 
butyric  chloride  to  the  action  of  chlorine  in  presence  of  iodine,  a  chlorobutyric 
chloride,  boiling  at  about  130°  (266°  F.),  is  obtained,  the  acid  prepared  from 
which  does  not  crystallize,  and  which  has  the  formula  CHg.CH^.CHCl.COOH, 
as  it  is  convertible  into  the  hydroxy-acid  CH3.CH2.CH(OH).COOH.  Balbiano, 
however  {Gaz.  chim.  Ital.,  viii.  90),  has  recently  prepared  a  chloro-acid  by  the 
action  of  chlorine  in  sunlight  on  butyric  acid  heated  to  about  95"  (203°  F.), 
to  which  he  assigns  the  formula  CHg.CHCl.CH.^.COOH  as  it  furnishes  a  small 
amount  of  the  hydroxy-acid  CH3.CH(OH).CH2.COOH,  together  with  a  con- 
siderable amount  of  crystalline  crotonic  acid  on  treatment  with  baric  hydroxide 
solution ;  it  is  far  more  probable,  however,  that  his  product  chiefly  consisted  of 
the  acid  CH^.CH^  CHCl.COOH,  mixed  with  a  small  proportion  of  the  isomeric 
acid  corresponding  to  the  hydroxy-acid  obtained,  since  it  would  appear  that  the 
haloid  derivatives  of  the  form  CnHgn+^.CHX.COOH  are  the  most  readily  con- 
vertible into  acids  of  the  acrylic  series. 
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By  oxidizing  trichlorotetraldehvdrol  (1632) — so-called  croton-cliloral  hydrate 
— with  nitric  acid,  a  crystalline  trichlorobutyric  acid,  C^H^Clg.COOH,  is  pro- 
duced, which  melts  at  44°  (iii°'2  F.)  (corap.  Ann.  Chem.  Pkarm.,  clxxxii. 
181).  The  oxidation  takes  place  with  less  facility  than  that  of  trichlorethalde- 
hydrol.  This  acid  furnishes  a  number  of  crystalline  metallic  salts,  which,  how- 
ever, are  less  characteristic  than  the  trichloracetates  ;  its  ethylic  salt  boils  at  212° 
(4i3°-6  F.).  It  is  with  difficulty  acted  upon  by  phosphoric  pentachloride,  and 
converted  into  the  acid  chloride,  which  boils  at  about  t64°(327°*2  F.)  (Judson, 
Deut.  chem.  Ges.  Ber.,  iii.  785).  The  chlorocrotonic  acid,  C3H3CI.COOH, 
obtained  by  reduction  of  this  acid,  combines  with  bromine,  forming  a  crystalline 
dihromocJilorohutyric  acid,  CgHgClBrg.COOH,  which  melts  at  92°  (i97°-6  P.) 
(Sarnow). 

The  mono-bromobutyric  acids  formed  by  the  action  of  bromine  on  normal 
butyric  acid  have  not  yet  been  prepared  in  a  pure  state  (com p.  Hell,  ihid.,  vi. 
28;  vii.  560).  A  similar  mixture  to  that  obtained  from  butyric  acid  and 
bromine  is  apparently  formed  by  the  combination  of  crystalline  crotonic  acid, 
CH3.CHzzCH.COOH,  with  hydrobromic  acid  (Hemilian;  Alberti,  ihid.,  ix. 
1194).  Both  products  furnish  crystalline  crotonic  acid  on  decomposition  with 
alkalies,  or  even  boiling  water. 

According  to  Schneider  and  Friedel  and  Machuca  {Ann.  Chem.  Phcirm., 
cxx.  281  ;  Suppl.  2,  70),  butyric  acid  furnishes  an  oily  dibromo-derivative  when 
heated  with  the  necessary  amount  of  bromine  at  1 30° — 150°  (2  66° — 302°F.).  This 
acid  is  said  to  furnish  a  brpmhydroxybutyric  acid  on  digestion  with  baric 
hydroxide  solution,  which  is  convertible  into  dihydroxybutyric  acid  by  the  action 
of  argentic  hydroxide  (PetriefF  and  Eghis,  Beuf.  chem.  Ges.  Ber.,  viii.  265);  if 
this  be  the  case,  it  is  probable  that  the  bromine  atoms  are  associated  with 
different  carbon  atoms. 

According  to  Hemilian  and  Alberti  {loc.  cit.),  crystalline  crotonic  acid 
readily  combines  with  hydriodic  acid,  forming  a  crystalline  iodohutyric  acid  of 
the  formula  CHg.CH^.CHI.COOH,  which  melts  at  110°  (230°  F.) :  a  liquid 
isomeride  is  formed  at  the  same  time. 

By  heating  dimethacetic  or  isobutyric  acid  with  bromine  at  140°  (284°  F.), 
it  is  converted  into  dimethbromacetic  acid,  CBr(CH3)„.C00H,  which  separates 
from  ether  in  large  crystalline  plates  melting  at  48°  (ii8°'4  F.) :  it  distils  with 
slight  decomposition  at  199°  (390°*2  F.).  Its  ethylic  salt  boils  at  160° 
(320°  F.).  By  boiling  water  it  is  converted  into  dimethhydroxyacetic  acid, 
C(OH)(CH3)2.COOH,  an  alcoholic  solution  of  potassic  hydroxide  converting  it 
into  the  corresponding  dimethethoxyacetic  acid,  C(OC2Hg)(CH3)2.COOH  (Mar- 
kownikoff;    Hell  and  Waldbauer,  ihid.,  x.  448). 

The  corresponding  dimethiodacetic  acid,  C1(CH3).,.C00H,  is  formed  by  com- 
bining methacrylic  acid  with  hydriodic  acid;  it  melts  at  37°  (98°'6  F.). 


§  II.   Amido-  and  Hydroxy-acids  derived  from  the 
Acids  of  the   Acetic   Series. 

(1771)  Amido-acids  or  Glycines. — These  compounds  are 
formed  by  the  introduction  of  the  monad  radicle  NHg  (amidogen) 
in  place  of  a  single  atom  of  hydrogen  in  the  Cj^Ho^^.^  group  of  the 
acids  of  the  acetic  series.  Compounds  formed  by  the  introduction 
of  a  greater  number  of  NHg  groups  have  not  yet  been  obtained. 
A  number   of  them    are   products   of   the    action    of  hydrating 
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agents  on  various  albumenoid  substances ;  they  may  be  prepared 
synthetically  by  either  of  the  following  methods. 

I.  By  digesting  the  mono-haloid  derivatives  of  the  acids  of 
the  acetic  series  with  an  aqueous  or  alcoholic  solution  of  am- 
monia ;  thus  : 

C,H.2„X.C00H   +    3NH3   -   C,H2,(?^HJ.C00InH,    +   NHX. 
C,H,I.COOH   +   3NH3    =   C,H^  (NHJ.COONH^    +    NHJ. 

lodopropionic  acid.  Ammouic  amidopropionate. 

More  complex  compounds  formed  by  the  action  of  two  and  three 
molecules  of  the  acid  on  a  single  molecule  of  ammonia  are 
frequently  produced  simultaneously  (com p.  1773). 

3.  By  acting  on  the  amido-alcohols  formed  by  the  union  of 
the  aldehydes  of  the  CjjHgn+i.COH  series  with  ammonia  (p.  'jio) 
with  hydrocyanic  acid,  and  digesting  the  product  with  hydro- 
chloric acid  solution.  The  amount  of  amido-acid  produced  in 
this  manner  is  not  equivalent  to  that  of  the  aldehyde  employed, 
but  always  less,  and  varies  according  to  the  conditions  of  experi-. 
ment ;  apparently  the  amido-cyanide  resulting  from  the  action 
of  the  hydrocyanic  acid  [CnH2„^j.CH(NH2).OH  +  HCN  = 
CnH2n+i-CH(NH2).CN-fOH2]  undergoes  condensation,  and  the 
amido-acid  finally  obtained  is  chiefly  derived  from  the  product 
or  products  of  condensation,  and  not  directly  formed  from  the 
amido-cyanide  by  the  simple  conversion  of  the  group  CN  into 
COOH. 

Properties. — The  glycines  are  crystalline  substances  more  or 
less  soluble  in  water.  They  either  possess  a  sweet  taste  or  are 
tasteless,  and  are  without  action  on  vegetable  colouring  matters. 
They  not  only  enter  into  reaction  with  metallic  oxides,  hydrates, 
and  carbonates  to  form  metallic  salts^  but  also  combine  directly 
with  acids  and  with  many  metallic  salts ;  and  their  alkaline  solu-r 
tions  dissolve  cupric  hydrate.  Judging  from  the  behaviour  of 
glycine  and  leucine,  their  aqueous  solutions  are  coloured  blood-red 
by  ferric  chloride  and  intense  blue  by  cupric  sulphate ;  they  reduce 
a  solution  of  mercurous  nitrate  slowly  in  the  cold,  but  more 
rapidly  on  heating ;  and  they  are  not  precipitated  from  neutral 
solutions  by  mercuric  salts  alone,  but  are  thrown  down  if  sodic 
carbonate  be  added  simultaneously  (Hofmeister,  Ann.  Chem. 
Pharm.^  clxxxix.  6).  They  are  not  decomposed  by  boiling  with 
aqueous  solutions  of  alkaline  hydrates.  Nitrous  acid  converts 
them  into  the  corresponding  acids  of  the  lactic  series. 

Inasmuch  as  the  glycines  are  destitute  of  acid  taste,  and  have  no  action  on  vege- 
table colours,  and  may  even  he  crystallized  from  alcohol  in  presence  of  ammonia, 
it  can  hardly  be  doubted  that  they  no  lonorer  contain  the  group  COOH  :  in  other 
3  3  k 
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words,  altliongh  derived  from  haloid  compounds  of  the  form  CuHjnX.COOH, 
they  cannot  be  represented  as  constituted  on  the  same  type,  according  to  the 
formula   CqH    (NH  ).COOH.      Their  properties  are    accounted  for,    however, 

C„H2„.NH3 
on   the  assumption    that    thev    are  compounds   of  the  formula        1  I 

*  J  I  CO  — 0. 

But  their  high  melting  points,  the  composition  of  certain  of  their  compounds  with 
acids,  and  the  circumstance  that  they  are  capable  of  uniting  together  (Hofmeister), 
render  it  far  more  probable  that  their  molecular  weights  are  at  least  double  as 
great  as  this  formula  would  indicate  ;  on  this  hypothesis  they  may  be  represented 
by  the  formula 

C„H,,.NH3 .  O.CO 
I  I 

CO.O NHg.C^Hj^ 

Confirmation  of  this  view  of  the  constitution  of  the  glycines  is  afforded  by  the 
fact  that  hippuric  or  benzamidacetic  acid,  CH2(NH.C0CgHJC00H,  exhibits  a 
marked  acid  reaction  with  vegetable  colours,  the  introduction  of  the  negative 
radicle  CO.CgHg  in  place  of  one  of  the  hydrogen  atoms  in  the  NH^  group  having 
neutralized  the  tendency  of  the  nitrogen  to  pass  to  the  pentad  condition. 

The  glycines  at  present  known  have  all  been  prepared  from  haloid  derivatives 
of  acids  of  the  acetic  series  in  which  the  halogen  is  associated  with  the  same 
carbon  atom  as  the  COOH  group,  or  with  a  contiguous  carbon  atom.  It  may 
therefore  be  questioned  whether  the  compounds  derived  from  acids  in  which  the 
halogen  is  associated  with  a  carbon  atom  not  contiguous  to  that  united  with 
the  COOH  group  would  be  glycines  or  true  amido-acids;  it  appears  probable 
that  the  former  would  be  the  case  if,  as  above  suggested,  the  molecule  of 
the  glycines  be  derived  from  two  molecules  of  the  generating  acid. 

(1772)  Glycine  ;*  Glycocine,  Glycocoll  or  Amidacetic  Acid: 
[?]  CjHgNOg  or  C^HjgN^O^. — Glycine  is  formed  by  the  action  of  hydrating 
agents  on  a  variety  of  substances  of  animal  origin,  such  as  gelatin,  hippuric 
acid  and  glycocholic  acid,  being  most  conveniently  prepared  by  heating  hippuric 
acid  with  concentrated  hydrochloric  acid,  or  gelatin  with  a  solution  of  baric 
hydrate.  It  is. produced  on  passing  cyanogen  gas  into  a  boiling  concentrated 
solution  of  hydriodic  acid  (Enimerling,  Deut.  chem.  Ges.  Ber.,  vi.  135 1): 
NC.CN  +  6Hl4-20H,  =  CH2(NH3l).C00H4-2l,  +  NHJ;  by  the  action  of 
nascent  hydrogen  on  ethylic  cyanoformate  (cyanocarbonate),  CN.COOCjHj 
(Wallach,  !k/iw.  Ghem.  Fharm.,  clxxxiv.  13);  and  together  with  so-called  di- 
and  triglycolamidic  acids  on  boiling  chloracetic  acid  with  an  aqueous  solution  of 
ammonia. 

Glycine  crystallizes  from  water  in  hard  transparent  monoclinic  prisms, 
having  a  sweetish  taste  ;  it  dissolves  in  about  4  parts  of  cold  water,  but  is 
only  sparingly  soluble  in  alcohol.  It  melts  at  about  170°  (338°  F.),  and 
decomposes  at  a  slightly  higher  temperature.  The  metallic  amidacetates  formed 
by  the  action  of  the  metallic  carbonates,  hydroxides  or  oxides  on  glycine,  are 
mostly  easily  soluble ;  the  most  characteristic  is  the  copper  salt  C^HgN^O^Cu  + 
OHj,  which  crystallizes  from  hot  solutions  in  magnificent  blue  needles.  Glycme 
forms  two  compounds  with  hydrochloric  acid,  which  may  be  represented  by  the 
following  fornaulse : 

CH,.NH,.O.CO  C]I,.NHCl 

'    '       "      I  I  ; 

CO.OH        CH,.NH,C1  COOH 


*  Pormoglycine  is  not  knov.'n,  but  metallic  and  ethereal  salts  derived  from 
it  are  readily  obtained  (com.p.   1790). 
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and  it  also  combines  with  a  number  of  salts,  such  as  the  chlorides  of  potassium 
and  sodium,  forming  well  crj-stallized  compounds,  the  probable  nature  of  which  is 
illustrated  by  the  equation  : 


CH,.NH3.0.C0 

CH,.NH.C1 

1    '              1         +    2KCI   -. 

-21'       • 

CO.O-NH3.CH2 

COOK 

According  to  Hofmeister  (Ann.  Chem.  Pharm.,  clxxxix.  34),  a  solution  of 
pure  cupric  amidacetate  does  not  furnish  a  precipitate  on  the  addition  of  sodic 
hydrate,  and  on  adding  a  cupric  salt  to  an  alkaline  solution  of  glycine,  no  preci- 
pitate is  produced  until  the  copper  is  in  excess  of  the  proportion  C^H^glST^O^ :  Cu ; 
doubtless  therefore  a  definite  compound  is  formed,  such  perhaps  as  is  repre- 
sented by  the  formula : 

.NH3CH,.C0(:)Na 

.NH..CH„.C00Na 


1     fO.] 


By  heating  an  alcoholic  solution  of  glycine  with  ethylic  iodide,  ethylic 
amidacetate  hydriodide  is  produced,  CH.^(NHgI).C00C2Hg;  on  treatment  with 
argentic  hydroxide,  this  yields  ethylic  amidacetate  which  decomposes  on  evapo- 
ration of  the  aqueous  solution  (comp.  Detains). 

(1773)  Di-  AND  Teiglycolamidic  Acids. — As  above  stated,  these  com- 
pounds are  formed  together  with  glycine  on  boiling  chioracetic  acid  with  an 
aqueous  solution  of  ammonia  (for  details  of  preparation,  see  Heintz,  ibid.,  cxlv.  49). 
Diglycolamidic  acid  crystallizes  in  large  rhombic  prisms,  somewhat  less  soluble 
in  water  than  glycine ;  it  has  a  strong  acid  taste,  and  is  capable  of  exchanging 
two  atoms  of  hydrogen  for  metals,  but  exhibits  a  marked  tendency  to  form 
mono-metallic  salts,  and  probably  therefore  contains  only  a  single  COOH  group, 
so  that  its  formula  may  be  written  as  follows : 

CH,.NH,(CH,.COOH)  CH,.NH,(CH,.COOH).O.CO 

I     "  I  or  thus     I  I 

CO .  0  C0.0.NH2(CH^.C00H) .  CH, 

It  also  forms  crystalline  compounds  with  acids,  such  as  the  hydrochloride 
NHgCKCHg.COOH)^.  When  submitted  to  the  action  of  nitrous  acid,  it  yields 
nitrosodiglycolamidic  acid,  ^(NOXCH^.COOH)^. 

Triglycolamidic  acid  crystallizes  in  small  hard  prisms,  which  dissolve  with 
difficulty  in  water,  furnishing  a  strongly  acid  solution ;  when  treated  with  baric 
carbonate,  it  exchanges  only  two  atoms  of  hydrogen  for  metal,  but  forms 
trimetallic  salts    with    less    positive    metals,   so   that  its  formula  is  probably 

CH,.N(CH,.COOH),       CH,.N(CH,.C00H),.0.CO 
CO.O  ''''  C0.0.N(CH^.C0OHX  .  CH, 

It  does  not  form  stable  compounds  with  acids,  although  it  is  more  soluble  in 
acids  than  in  water.  Nitrous  acid  is  entirely  without  action  upon  it  (Heintz, 
ibid.,  cyi^n.  257;  cxxiv.  297;  cxxxvi.  213;  cxxxviii.  300). 

(1774)  HiPPCRic  or  Benzamidacetic  Acid  and  Allied  Compounds; 
Hippuric  acid:  C,H^N03  =  CH,_.NH(COl;H J. COOH.— Salts  of  this  acid  are 
normal  constituents  of  human  urine,  althougl^i  present  in  very  small  quantity 
(•03 — "04  percent,  of  acid),  but  often  occur  in  large  quantity  in  the  urine  of  herbivora,- 
the  calcic  salt  may  be  directly  crystallized  out  from  concentrated  horses*  urine, 
and  the  acid  may  easily  be  prepared  from  horses'  or  cows'  urine  by  evaporati  ig 
the  urine  to  about  one-fourth  its  volume,  and  then  acidulating  it  with  hyUro- 

3  k;^ 
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chloric  acid  :  the  crude  acid  which  separates  is  dissolved  in  a  dihite  solution  of 
sodic  h^'drate  and  sufficient  sodic  hypochlorite  added  to  the  hoiling  liquid  to 
render  it  colourless,  after  which  the  acid  is  again  precipitated  by  hydrochloric 
acid,  and  once  recrystallized  from  boiling  water.  It  may  be  artificially  obtained 
by  heating  glycine  with  benzoic  acid,  or  benzoic  chloride,  CgHg.COCl,  with  the 
silver  or  zinc  salt  of  amidacetic  acid,  and  is  also  formed  in  small  quantity  on 
heating  chloracetic  acid  with  benzamide,  C^Hg.CO.NHj- 

Hippuric  acid  crystallizes  in  colourless  rhombic  prisms,  melting  at  i87°'5 
(369°  F.),  which  dissolve  in  about  600  pts.  cold  water,  forming  a  strongly  acid 
solution.  It  furnishes  a  number  of  metallic  salts  of  the  general  formula 
CgHgMNOg,  but  does  not  combine  with  acids;  this,  together  w'.th  the  fact  that 
it  has  a  marked  acid  reaction,  indicates,  as  already  pointed  out,  that  it  is  a  true 
amido-acid  and  not  a  glycine.  By  the  action  of  chlorinating  and  brominating 
agents,  a  number  of  chlorinated,  and  brominated  hippuric  acids  have  been  formed  ; 
and  when  treated  with  concentrated  nitric  acid,  it  yields  meta-nitrohippuric  acid, 
convertible  by  reduction  into  amidohippuric  acid,  from  which  latter,  by  Griess's 
method,  hydroxyhippuric  acid  may  be  formed  (comp.  Conrad,  Jour.  pr.  Chem. 
[2],  XV.  241).  All  these  compounds  result  apparently  from  the  displacement  of 
hydrogen  atoms  in  the  CgHg  group.  By  the  action  of  hydrafcing  agents,  and 
especially  of  boiling  hydrochloric  acid,  hippuric  acid  is  readily  decomposed  in 
the  manner  represented  by  the  equation: 

CH2.NH(C,Hg.CO).COOH  +  OH2  +  HCl  =  CH,.NH3Cl.C00H  +  C.H^.COOH. 

Hippuric  acid.  Amidacetic  hydrochloride.         Benzoic  acid. 

The  amount  of  hippuric  acid  excreted  in  the  urine  in  the  case  of  man  much 
depends  on  the  nature  of  the  diet :  an  increase  in  the  amount  of  vegetable  con- 
sumed causes  a  more  or  less  marked  increase,  according  to  the  nature  of  the 
vegetable  ;  and  in  the  case  of  the  herbivora  also  much  more  is  produced  with 
certain  kinds  of  food,  such  as  grass,  hay  and  straw,  than  with  others,  such  as 
potatoes,  swedes  and  fleshy  roots.  Moreover,  when  benzoic  acid  or  substances 
which  readily  furnish  benzoic  acid  on  oxidation,  such  as  toluene,  benzaldehjde, 
cinnamic  and  quinic  acids,  are  taken  internally,  they  are  excreted  in  the  urine 
as  hippuric  acid.  Substitution  derivatives  of  benzoic  acid,  such  as  chloro-, 
amido-,  hydroxy-,  methoxy-  and  raethylbeiizoic  acid  are  in  like  manner  converted 
in  their  passage  through  the  system  into  the  corresponding  derivatives  of  hippuric 
acid,  even  paranitrotoluene  un  lergoing  oxidation  and  conversion  into  paranitro- 
hippuricacid  when  administered  to  dogs  (Jafle,  Detit.  chem.  Ges.  Ber  ,  vii.  1673). 

(1775)  Alanines  or  Pkopaneglycines  :  (?)  CgHyNO^  or  CgH^^N^C^^. — 
a- Alanine  is  produced  together  with  the  compound  homologous  with  diglycolamidic 
acid  on  boiling  a-iodopropionic  acid,  CH^I.CH^.COOH,  with  an  aqueous  solution 
of  ammonia,  and  crystallizes  in  colourless  rhombic  prisms  very  soluble  in  water; 
it  has  a  sweet  taste,  and  apparently  is  without  action  on  vegetable  colours. 
Cupric  a-amidopropionate,  CgH^^CuN^O^  +  50H^,  prepared  by  boiling  a  solution 
of  a-alanine  with  cupric  hydrate  crystallizes  in  large  dark-blue  rhombic 
prisms,  much  more  soluble  than  the  cupric  salt  from  /S-alanine  (Heintz.  ihid., 
clvi.  25).  According  to  Mulder  {Deut.  chem.  Ges.  Ber.,ix.  1903),  this  alanine 
exhibits  a  slight  acid  reaction,  and  decomposes  when  heated  with  ammonia  and 
acrylic  acid. 

(j-Alanive  may  be  prepared  by  digesting  the  product  of  the  action  of 
hydrocyanic  acid  on  amidoethylic  alcohol  (aldehyde-ammonia)  with  hydrochloric 
acid  (comp.  pp.  737,  738);  it  is  also  formed  on  boiling  /J-chloropropionic  acid 
with  an  aqueous  or  alcoholic  solution  of  ammonia,  but  the  amount  produced  is 
extremely  small,  the  chloro-acid  chiefly  exchanging  its  chlorine  for  OH  or  OC^H, 
(Heintz,  loc.  cit.).     It  crystallizes  in  tufts  of  rhombic  prisms,  and  exhibits  the 
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closest  resemblance  in  its  properties  to  glycine.     The  cupric  /3-araidopropionate 
prepared  from  it  crystallizes  with  only  a  single  molecule  of  water. 

(1776)  TYROSINE:  Cj,H^^N03. — This  compound  is  a  product  of  the  action  of 
hydrating  agents  on  various  albumenoid  substances,  and  occurs  together  with 
leucine  in  the  pancreas  and  other  parts  of  the  animal  organism,  and  also  in  cochi- 
neal and  many  of  the  lower  forms  of  animal  life.  It  is  best  prepared  from  horn 
shavings,  which  on  the  average  yield  about  4  per  cent.,  by  boiling  with 
2  pts.  sulphuric  acid  and  8  pts.  water  for  about  20  hours,  then  neutralizing  the 
solution  with  milk  of  lime,  concentrating,  and  rendering  acid  with  acetic  acid ; 
the  tyrosine  which  gradually  separates  out  is  purified  by  recrystallization  from 
alcohol  containing  ammonia. 

It  crystallizes  in  fine  glistening  needles  usually  grouped  in  bundles,  soluble  in 
about  150  pts.  of  boiling  water.  It  is  characterized  by  furnishing  a  red  precipi- 
tate on  the  addition  of  a  solution  of  mercuric  nitrate  and  a  nitrite  or  nitrous 
acid:  this  precipitate  has  the  composition  CgH^NgOyllg^  (Thudichum  and 
Wanklyn,  Journ.  Ghem.  Soc ,  xxii.  277),  and  is  perhaps  a  nitroso-derivative. 
Like  glycine,  tyrosine  forms  crystalline  compounds  with  acids,  such  as  the  hydro- 
chloride C^H^^^'^OgCl,  and  its  alkaline  solution  has  the  property  of  dissolving 
cupric  hydrate  in  the  same  relative  proportion  as  glycine  and  leucine,  but  unlike 
glycine  it  is  capable  of  exchanging  two  atoms  of  hydrogen  for  metals  :  thus  on 
boiling  its  solution  with  cupric  hydrate,  the  cupric  derivative  (CgH^^N03)^Cu  is 
produced,  which  crystallizes  in  dark-blue  glistening  needles  soluble  m  240  pts. 
boiling  and  1230  pts.  cold  water,  but  the  baric  derivative  formed  by  dissolving 
it  in  boiling  baryta  water  has  the  composition  C^H^BaNOg  +  2OH2.  Tyrosine 
does  not  enter  into  reaction  with  ethylic  iodide  at  100°  (212''  F.)  (Thudichum 
and  Wanklyn).  By  the  continued  action  of  chlorinating  agents,  it  is  converted 
into  tetrachloroquinone,  CgCl^O^,  and  when  fused  with  potassic  hydrate,  it  yields 
paroxybenzoic  acid,  CgH.j0H).C00H  (Barth);  it  is  decomposed  by  heating 
with  a  saturated  solution  of  hydriodic  acid  at  140° — 150°  (284° — 302°  F.),  its 
nitrogen  being  eliminated  as  ammonia  (Hiifner)  :  it  would  appear  therefore  that 
tyrosine  is  probably  an  oxyphenyl  derivative  either  of  a-  or  j3-alanine  ;  thus  : 

C,H/OH).C,H3.NH3 

CO.O 

(1777)  Teteaneglycines  :  (?)  C^HgNO^  or  CgH^gN^O^.— Only  one  glycine 
derived  from  butyric  acid  is  known :  it  is  formed  by  digesting  the  product  of  the 
action  of  bromine  on  butyric  acid — consisting  chiefly  of  ethylbrom acetic  acid, 
CHj.CH^.CHBr.COOH — with  an  aqueous  or  alcoholic  solution  of  ammonia;  it 
also  occurs  amongst  the  substances  obtained  on  decomposing  albumen  by  means 
of  baric  hydrate  solution  (Schiitzenberger).  It  crystallizes  in  glistening  plates 
or  tufts  of  needles,  easily  soluble  in  water,  and  like  the  other  glycines  has  a 
sweet  taste  and  is  without  action  on  vegetable  colours  (Schneider ;  Friedel  and 
Machuca,  ibid.,  Sujpp.  ii.  70). 

(1778)  Pentaneglycines:  (?)  CjH^^NO^ or  Cjq.H22N20^. — On  heating iso- 
propylbromacetic  acid,  (CH3)2CH.CHBr.COOH  (from  isoprimary  valeric  acid), 
with  ammonia  (Fittig  and  Clarke,  ibid.,  cxxxix.  200 ;  Schmidt  and  Sachtleben, 
ibid.,  cxciii.  105),  a  glycine  is  produced  which  apparently  is  identical  with  the 
substance  of  the  same  formula  isolated  from  the  pancreas  of  the  ox  by  Gorup- 
Besanez  (ibid.,  cxlii.  374;  comp.  Nencki,  Journ.  pr.  Chem.  [2],  xv.  393),  and 
as  one  of  the  products  of  the  decomposition  of  albumen  by  baric  hydrate  (Schiitz- 
enberger). It  crystallizes  in  shining  platen  consisting  of  flat  monoclinic  prisms, 
and  sublimes  without  previous  fusion  when  carefully  heated  ;  it  has  no  action  on 
vegetable  colours.     On  adding  cupric  acetate   to  its  aqueous  solution,  the  liquid 
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becomes  deep  blue,  and  after  a  time,  especially  on  warming,  cupric  amidoisova- 
lerate  separates  in  transparent  scales. 

(1779)  Leucines  or  Hexaneglycines  :  (?)  CJT^gNO.^  or  C^^HaeNaO^. — The 
leucines  bear  the  same  relation  to  the  caproic  or  hexylic  acids,  CgH^^.COOH, 
that  glycine  bears  to  acetic  acid.  At  present  only  two  of  the  many  possible 
isomerides  have  been  artificially  prepared  :  one  of  these  is  obtained  by  the  action 
of  ammonia  on  the  bromo-acid  formed  by  heating  caproic  acid  with  bromine,  and  is 
therefore  probably  derived  from  normal  butylbromacetic  acid,  C^Hg*.CHBr.COOH 
(Hiifner,  Jour.  pr.  Chem.  [2],  i.  6) ;  the  other  has  been  prepared  from 
the  product  of  the  action  of  hydrocyanic  acid  on  the  amidoamylic  alcohol  formed 
from  valeral  and  ammonia  (1634)  by  digesting  it  with  hydrochloric  acid  (Lim- 
pricht ;  corap.  Hiifner),  and  may  therefore  have  been  a  mixture  of  two  isomerides, 
although  doubtless  principally  formed  from  the  amidoamylic  alcohol  of  the 
formula  (CH3)2CH.CH2.CH(NH2).OH.  According  to  Hiifner,  the  two  products 
exhibit  the  closest  similarity  in  most  respects,  but  the  former  is  only  about  half 
as  soluble  in  cold  water  as  the  latter. 

Leucine  is  one  of  the  chief  products  of  the  action  of  hydrating  agents  on 
many  albumenoids  and  animal  substances,  such  as  horn,  fibrin,  &c.  ;  cervical 
ligament  is  said  to  yield  from  38  to  45  per  cent,  when  decomposed  by  boiling 
with  5  pts.  of  a  mixture  of  i  pt.  sulphuric  acid  and  i^  pts.  water.  It  is  best 
purified  by  crystallization  from  alcohol  containing  ammonia,  the  last  trace  of 
colour  being  removed  by  crystallization  from  alcohol  and  water  (Hofmeister). 
Leucine  from  horn,  &c.,  forms  soft  nacreous  scales  consisting  of  concentrically 
grouped  rhombic  prisms ;  it  is  said  to  be  tasteless,  and  to  dissolve  in  about 
27  pts.  of  cold  water.  Nencki,  however,  states  that,  by  allowing  ox-pancreas  to 
putrefy,  a  leucine  may  be  obtained  which  has  a  slightly  sweetish  taste,  and  requires 
43"6  parts  of  water  at  I4°*5  (58°'i  F.)  to  dissolve  it  (Journ.  pr.  Chem., 
[2],  XV.  390).  According  to  Hiifner,  leucine  from  caproic  acid  dissolves  in  T07'5 
pts.,  and  that  from  valeral  in  47-8  pts.  of  water  at  12°  (53°'6  F.),  although  the 
two  products  exactly  resemble  leucine  from  horn  or  fibrin  in  appearance,  and  fur- 
nish similar  nitrates  and  cupric  salts.  From  these  few  statements  it  will  be 
evident  that  our  knowledge  of  the  leucines  is  extremely  imperfect.  The  cupric 
amidocaproate  obtained  by  boiling  a  solution  of  pure  leucine  (from  horn)  with 
cupric  hydrate,  is  very  difficultly  soluble  even  in  hot  water,  and  crystallizes  in 
delicate  pale  blue  scales  ;  it  is  much  more  soluble  in  solutions  containing  the 
cupric  salts  derived  from  the  homologous  glycines.  Leucine,  like  glycine,  has 
the  property  of  preventing  the  precipitation  of  cupric  hydrate  by  an  alkali,  no 
precipitate  being  formed  on  adding  cupric  sulphate  to  a  solution  of  leucine  in 
excess  of  sodic  hydrate  until  the  proportion  C^2H26-^2^4  •  ^"^^4  ^^  exceeded 
(Hofmeister). 

(1780)  OcTANEGLYCiNES:  (?)  C^H^^N^O^  or  C^^Hg.N^O^.-Of  the  large 
number  of  glycines  to  be  derived  from  the  octylic  acids,  only  one  is  known,  viz., 
that  obtained  from  the  product  of  the  action  of  hydrocyanic  acid  on  the  amido- 
alcohol  formed  from  normal  heptaldehyde  and  ammonia  (1635). 

The  glycine  thus  prepared  crystallizes  in  nacreous  plates,  and,  like  the  other 
glycines,  when  carefully  heated  sublimes  without  melting;  it  dissolves  in  about 
150  pts.  of  boiling  water.     It  forms  well  crystallized  compounds  with  acids. 

Erlenmeyer  and  Sigel  [Ann.  Chem.  P^^arw.,  clxxvi.  341  ;  clxxvii.  ill) 
have  shown  that  the  amount  of  glycine  thus  produced  is  only  equivalent  to 
from  4  to  |rds,  according  to  the  condition  of  experiment,  of  the  amount  of 
heptaldehyde  employed.  The  reasons  for  this  are  that  a  portion  of  the 
amido-cyanide  which  is  formed  bv  the  action  of  the  hydrocyanic  acid  on 
the  amido-alcohol  (C,Hj3.CH(NHJ.'0H  +  HCN  =  C,H^3.CH(NH.J.CN  +  OH,), 
spontaneously   undergoes  decomposition  into  ammonia  and  iniido-cyanide,  the 
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latter  being  at  once  produced  in  large  quantity  if  the  action  be  allowed  to  take 
place  with  too  great  violence ;  thus  ; 

C,H,3.CH.NH,        C,H^3.CH.NH.CH.C,H,3 
2  1  =  11  +    NH,. 

CN  CN        CN  '    . 

AmidocaDrylonitrile.  Imidocaprylonitrile. 

By  boiling  this  imido-cyanide  with  a  20  per  cent,  solution  of  hydrochloric  acid 
(b.  p.  110°  C),  or  by  heating  it  with  40  per  cent,  acid  at  105°  (221°  F.),  it  is 
decomposed  in  the  following  manner : 

C,H,3.  CH.  NH.CII.  G,E,,  +  sOH^  +  2  HGl  =  CeH,,.  CH.  NH^Cl  +  CeH,3.  COH  +  HON 

CN        CN  COOH  +NH,Ci; 

but  by  digesting  it  on  the  water  bath  with  40  per  cent,  acid,  it  is  almost 
entirely  converted  into  imidocaprylimide  and  imidocaprylic  acid: 

^sH,3     0,H,3  C,H,3       C,H,, 

Imidocaprylimide  CH.NH.CH         Imidocaprylic  acid     CH.NH,.CH 
III  I       I     '  I 

CO.NH.CO  CO.O       COOH 

and  these  compounds  are  only  decomposed  by  heating  with  40  per  cent, 
hydrochloric  acid  at  180°  (356°  F.).  The  amount  of  glycine  obtained  there- 
fore depends  entirely  on  the  mode  in  which  the  amido-alcohol  is  acted  upon  by 
hydrocyanic  acid  and  in  which  the  product  is  treated  with  hydrochloric  acid. 

(1781)  Hydroxy-acids  derived  from  the  Acids  of  the 
Acetic  Series. — By  the  displacement  of  one  or  more  atoms  of 
hydrogen  in  the  Cj^il2n+i  radicle  of  the  acids  of  the  acetic  series 
by  the  group  OH  a  series  of  hydroxy-acids  of  the  general  for- 
mula CjjH(2n+i_i„)(0H)j^.C00H  are  obtained,  which  obviously 
may  be  regarded  as  related  to  the  alcohols  of  the  form 
^nH(2n+i-m){0H)j^  in  prcciscly  the  same  manner  that  the  acids 
of  the  acetic  series  are  related  to  the  paraffins.  A  considerable 
number  of  monhydroxy-acids — so-called  acids  of  the  lactic  series 
— have  been  obtained,  but  at  present  very  few  containing  a 
greater  number  of  hydroxyl  groups  are  known,  and  most  of  these 
have  been  produced  by  oxidation  of  polyhydric  alcohols  such  as 
glycerol  and  erythrol.  The  highest  value  for  m  in  the  above 
formula  yet  observed  is  5,  this  being  realized  in  the  case  of 
gluconic  acid  and  its  isomerides,  CgHg(OH)g.COOH. 

The  hydroxy-acids  are  much  less  stable  compounds  than  the 
parent  acids,  most  of  them  decomposing  when  distilled,  and  being 
readily  oxidized;  they  are  for  the  most  part  easily  soluble  in 
water.  Those  in  which  more  than  one  hydroxyl  group  is  asso- 
ciated with  a  single  carbon  atom,  like  the  corresponding  car- 
binols  (corap.  1491),  are  only  capable  of  existing  under  certain 
favourable  conditions  and  cannot  be  isolated,  although  they  may 
furnish  perfectly  stable  derivatives. 
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The  behaviour  of  these  hydrox^'-acids  maj'^  be  at  once  pictured  if  it  be  remem- 
bered that  they  are  derivatives  both  of  the  acids  of  the  acetic  series  and  of  the 
alcohols  (carbinols)  derived  from  the  paraffins.  Thus,  like  the  acids  of  the  acetic 
•series,  they  exchange  the  hydrogen  of  the  COOH  group  for  metals  when  acted 
upon  by  metallic  oxides,  hydroxides  and  carbonates,  but  like  the  carbinols  they 
do  not  furnish  metallic  derivatives  stable  in  presence  of  water  by  the  exchange 
for  metals  of  hydrogen  in  the  OH  groups  associated  with  tlie  hydrocarbon 
radicle,  although  the  hydrogen  in  these  groups  may  be  displaced  by  the  more 
positive  metals  such  as  sodium  by  acting  with  the  metal  itself  on  the  ethereal 
salts  formed  by  the  introduction  of  hydrocarbon  radicles  in  place  of  the  hydrogen 
in  the  COOH  group ;  the  compounds  thus  formed,  however,  like  the  analogous 
metallic  derivatives  of  the  carbinols,  are  decomposed  by  water  and  the  metal 
displaced  by  hydrogen.  Again,  by  the  introduction  of  positive  hydrocarbon 
radicles  such  as  ethyl,  C^H^,  or  of  negative  radicles  such  as  acetyl,  CgH^O,  in 
place  either  of  the  hydrogen  in  the  COOH  group  or  of  that  in  the  OH  groups 
associated  with  the  hydrocarbon  radicle,  compounds  are  obtained  which  manifest 
the  closest  resemblance  to  those  derived  in  a  similar  manner  from  the  acids  of 
the  acetic  series  and  the  carbinols  respectively.  Thus  the  ethereal  salts  of  the 
form  CnH2n(0H).C00Cn,Hj,^,  ^i,  which  may  be  prepared  by  the  action  of  the 
carbinols  on  the  hydroxy-acids  in  presence  of  hydrochloric  acid,  like  those  pro- 
duced in  a  similar  manner  from  the  acids  of  the  acetic  series,  are  but  very 
slightly  affected  by  mere  contact  with  cold  water,  although  without  difficulty 
decomposed  by  lieating  with  water,  especially  in  presen'ce  of  an  alkali  or  acid ; 
the  derivatives  of  the  form  CnH2n(O.CmH2iii  +  j)  COOH  {etheric  acids),  however, 
like  the  ethers  formed  by  displacing  the  hydrogen  in  the  OH  group  of  the 
carbinols  by  hydrocarbon  radicles,  are  scarcely  affected  even  when  heated  with 
alkalies.  On  the  other  hand,  the  compounds  formed  by  the  introduction  of 
negative  radicles  such  as  acetyl  in  place  of  the  hydrogen  of  the  COOH  group 
behave  just  as  the  acid  anhydrides  (1758),  and  are  at  once  decomposed 
when  brought  into  contact  with  cold  water ;  whereas,  if  acetyl  be  introduced  in 
place  of  the  hydrogen  of  the  hydroxy  1  groups  associated  with  the  hydrocarbon 
radicle,  compounds  are  obtained  which  resemble  the  ethereal  salts  formed  by 
similarly  displacing  the  hydrogen  in  the  OH  groups  of  carbinols,  being  only 
slowly,  if  at  all,  acted  upon  by  cold  water.  Further  illustration  of  the  double 
relationship  of  the  hydroxy-acids  is  afforded  by  their  behaviour  with  the  haloid 
acids  and  haloid  phosphorus  compounds.  When  submitted  to  the  action  of  the 
ibrnier,  they  exchange  the  OH  groups  associated  with  the  hydrocarbon  radicle 
for  the  equivalent  amount  of  halogen,  the  hydroxyl  present  in  the  form  of 
carboxyl  remaining  intact;  when  acted  upon  by  the  latter,  however,  all  the 
■hydroxyl  groups  present  are  displaced,  but  on  bringing  the  compounds  thus 
formed  into  contact  with  water  the  halogen  which  has  displaced  the  OH  group 
present  as  CO.OH  is  at  once  exchanged  for  hydroxyl. 

In  consequence  of  the  similarity  in  the  behaviour  of  the  hydroxyl  in  hydroxy- 
acids  which  is  directly  associated  with  the  hydrocarbon  radicle  of  the  acid,  and 
of  the  hydroxyl  in  carbinols,  the  OH  groups  present  in  this  condition  in  the 
hydroxy-acids  generally  are  frequently  spoken  of  as  "  alcoholic"  hydroxyl  groups. 
The  number  of  alcoholic  hydroxyl  groups  contained  in  a  given  acid  may  be 
ascertained  by  submitting  it  to  the  action  of  bodies  such  as  acetic  chloride  or 
anhydride  employed  in  excess,  washing  the  product  with  water,  and  then  ascer- 
taining by  analysis  how  many  times  the  acetyl  group  is  contained  in  the  new 
Kubsiance ;  as  above  explained,  the  compound  formed  by  the  displacement  of  the 
liydrogen  of  the  carboxyl  group  by  acetyl  is  decomposed  by  mere  contact  with 
water,  so  that  the  number  of  acetyl  groups  contained  in  the  product  is  equal  to 
the  number  of  alcoholic  hydroxyl  groups  in  the  parent  acid. 
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MoNHYDROXy-ACIDS     DERIVED    FROM     THE     AciDS     OF     THE      AcETIC 

Series  :   Acids  of  the  Lactic   Series. 

(1782)   The  following  acids  of  this  series  are  known  . 

CH„0,       Hydroxyformic  or  carbonic  acid  .      .  HO.COOH 

Hydroxyacetic  or  glycolic  acid     .      .  CH2(0H).C00H 
a-Hydroxypropionic  or  ethylenelactic 

acid     . CH,(OH).CH,.COOH 

/3- Hydroxy  propionic   or    ethylidene- 

,     lactic  acid CH3.CH(0H).C00H 

a-Hydroxybutyric  acid     ....  CB.^{0}l).CE^.CJl^.COOR 

^-Hydroxybutyric  acid      ....  CH3.CH(OH).CH2.COOH 

^^HgO,  4  y-Hydroxybutyric  acid      ....  CH3.CH2.CH(OH).COOH 
Dimethhydroxy acetic  or  hydroxy-iso- 

\     butyric  acid (CH3)2.C(OH).COOiT 


2     8 


C,H,0, 


^Isoprophydroxyacetic  acid 
CgHjgOj  \  Metheth hydroxyacetic  acid     .     . 

iy-Meth-iS-hydroxybutyric  acid    . 

I  Hydroxycaproic  or  leucic  acid 
CjH^jOg  j  Diethhydroxyacetic  acid    .     .      . 

iy-Eth-j3-bydroxy butyric  acid 

(Isoaraylhydroxyacetic  acid      .      . 
y^-Metheth-^-hydroxybutyric  acid 

r  TT  O    /  Hexylhydroxyacetic  acid    . 
8    16   8  I  Diisopropylhydroxyacetic  acid 

12    24   8 1  j)jjgQajjjylljy^j.Qxyacetic  acid  . 


(CH3)„CH.CH(0H).C00H 

CH3.CH(OH).CH(CH3).COOH 

?C^H^-.CH(OH),COOH 

(C,HJ.^C(OH).COOH 

CH3.CH(OH).CH(C2Hg).COOH 

C,H^^.CH(OH).COOH 

CH3,CH(l'H).c|^'^3  j.COOH 

C,H^3-.CH(0H).c60H 
(C8H,)/.C(0H).C00H 
CH3.CH(0H).C(C,HJ,.C00H 
(C,HJ,.C(OH).COOH 

(1783)  Formation. — Acids  of  the  lactic  series  have  been 
prepared  by  the  following  methods^  which  all  appear  to  be  of 
more  or  less  general  application. 

J.  By  the  direct  oxidation  of  the  corresponding  acids  of  the 
acetic  series,  as  in  the  formation  of  the  first  term(comp.  1807,  ]  808) : 
H.COOH    +    (0    +    OHJ    -    HO.COOH    +    OH^. 

Formic  acid.  Carbonic  acid. 

2.  By  the  action  of  water  either  alone  or  in  presence  of 
metallic  hydroxides  on  the  monohaloid  derivatives  of  the  acids 
of  the  acetic  series  : 


CnH,„X.COOH 
CH^Cl.COOH 

Monochloracetic  acid. 


+    OH,   =    C„H,,(OH).COOH  +  HX. 
+   OH,   =    CH,(OH).COOH    +H01. 

Hydroxyacetic  acid. 

The  various  isomeric  and  homologous  haloid  acids  differ  greatly  in  th^ir  behaviour 
under  these  circumstances,  however,  some  being  readily  converted  into  the  cor- 
responding hydroxy-acids,  while  others  are  deprived  of  the  elements  of  a  molecule 
of  haloid  acid,  and  thus  furnish  an  acid  of  the  CnH^n.^.COOH  or  acrylic  series, 
just  as  the  monohaloid  derivatives  of  the  paraffins  are  in  some  cases  converted 
into  the  corresponding  alcohol,  and  in  others  into  hydrocarbons  of  the  define 
series  by  the  action  of  water  or  metallic  hydroxides. 
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Corresponding  '^  etlieric  acids^^  are  frequently  produced  by 
the  employment  of  an  alcoholic  solution  of  potassic  hydroxide  : 

CBr(CH3)^.C00H  +  2C,H^.0K  =  C(CH3)^(OC2H^).COOK  +  KBr  +  C^H^.OH ; 

Dimethbroraacetic  acid.  Potassic  dimethetboxyacetate. 

and,  similarly,  by  the  action  of  compounds  such  as  potassic 
thiohydrate,  KSH^  and  thioethylate,,  KSCgHg,  analogous  thio- 
acids  are  obtained. 

3.  By  the  action  of  nitrous  acid  on  the  glycines  (1771)  ;  thus  : 

I    '       '     I       +    2HNO,   =    2    \    '       '       '' 
CO.O.NH3.CH,  CO.OH 

Glycine.  Amidacetic  nitrite. 

CH,.NH3(N0J        CH,(OH) 

I  =     I    '  +    N,    +    OH,. 

COOH  COOH  '  ' 

4.  By  oxidation  of  the  glycols  of  the  form  C^H2„(OH).CH2(OH) 
by  dilute  nitric  acid  or  free  oxygen  in  presence  of  platinum  black  : 

C„H,,(OH).CH,(OH)  +  2(0    +    OHJ    ^^    C„H,„(OH).COOH     +    3OH,. 
CH3.CH(0H).CH^(0H)  +   2(0  +    OH  j    =    CH3.CH(0H).C00H  +    3OH, 

Propyleneglycol.  Lactic  acid. 

5.  By  combining  the  aldehydes  of  the  form  CuHgn+i-COH  and 
the  ketones  of  the  form  (€^112^+1)200  with  hydrocyanic  acid,  and 
digesting  the  resulting  hydroxycyanides  with  hydrochloric  acid : 

C„H,n  +  rCOH    +   HON   =    C,H,,+  ,.CH(OH).CN; 
C„H,n+  i.CH(OH).CN  +  2OH,  +  HCl  =  C^H^^  +  ,.CH(OH).COOH  +  NH^Cl. 

CH3.COH    +    HON   =   CH3.CH(0H).C]Sr 

Ethaldehyde.  Cyanethylic  alcohol. 

CH3.CH(0H).CN    +    20H,  +  HC1   =    CH3.CH(0H).C00H    +    NH^. 

Cyanethylic  alcohol.  Lactic  acid. 

(CnH,„+.).CO   -*-    HON    =    (C„H,„  +  ,XC(OH).CN; 
(CnH,n  +  ,),CH(OH).CN  +  2OH,  +  HCl  =  (C,H^,  +  J,C(OH).COOH  +  NH^Cl 

(CH3),C0   +    HON   =    (CH3),C(0H).CN; 

Dimethy  Iketone.  Cyanodimethy  Icarbinol . 

(CH3),C(0H).CN    +    2OH,    +    HCl   =    (CH3),C(0H).C00H    +    NH.Cl. 

Cyanodimethylcarbinol.  Dimethhydroxyacetic  acid. 

6.  By  the  action   of  nascent  hydrogen  on   ketonic  acids   of 

the  form  C^Hg^.iO.COOH  : 

CnH,n+,.CO.C,H,„.COOH    +    2H    =    C,H,„  +  ,.CH(0H).C,H,,.C00H. 
CH3.CO.COOH    +    2H    =    CH3.CH(0H).C00H. 

Acetoacetic  acid.  Methhydroxyacetic  acid. 

7.  By  the  action  of  the  zinc  organo-metallic  compounds  on 
ethereal  salts  of  oxalic  acid,  the  product  being  treated  with  water. 

Frankland  and  Duppa,  by  whom  this  important  method  was  discovered, 


coc. 
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represented  the  reaction  by  equations  of  the  following  form  (Phil.  Trans.,  1866, 

P-3I3)- 

CO.OCnH,n  +  x  C(CruH,^+iyOZiiC^H,„  +  ,)  rCmH,„  +  , 

I  +^11(00111201+ 1)2  =    I  +  ZnJ 

CO.OOnH^a  +  ,  CO.OCnH,^  +  .  I  QCnH^n  +  . 

G{GmB.,^  +  ,)2(0ZnCmH2^  +  J  CCCmH^    +  ^),.0R 

^.OC.H,„  +  ,  +  ^°«^  -  ,J0.0C.H,„  +  .       +  •^°''-  +  ^  +  ^"(O^'^- 

P  It  may  be  suggested,  however,  that  the  reaction  more  probably  takes  place  in 

such  a  manner  that  in  the  first  instance  one  of  the  OCnH^n  ^  ^  groups  of  the 
oxalate  is  displaced  by  the  radicle  of  the  zinc  compound,  thus : 

CO.OC,H„  + ,  w   ..  +  >;,        C0.0C„H,„  + .  tOC,H„  +  , 

and  that  the  product  of  this  reaction  then  enters  into  reaction  with  a  second 
molecule  of  the  zinc  compound : 

TT        .  r</^m"2n+i  \  n    TT 

CO.OC„H,„+,  CO.OC„H,„  +  , 

It  may  be  that  the  order  in  which  these  reactions  occur  is  the  reverse  of  that 
here  supposed,  or  they  may  even  occur  simultaneously  (comp.  1810).  The  sub- 
sequent action  of  water  is  expressed  by  the  equation  : 

VVOZnC\H,,  +  /--^^-  + 1  +  2OH,  =  I  +  Zn(OH),  +  C,H,„,, 

It  is  not  necessary  to  prepare  the  zinc  compound,  but  the  oxalate  may  be  at 
once  brought  into  contact  with  zinc  and  the  iodide  of  the  radicle  which  it  is 
required  to  introduce ;  and  even  a  mixture  of  two  iodides  may  be  employed, 

/O  TT  \ 

ethereal  salts  of  acids  of  the  form  ^  ( r^  tT^     ^  )-0H  being  then  produced. 

I    Wm-n-gm  +  x/ 

COOH 

(1784)  Properties. — Allusion  has  already  been  made  to  some 
of  the  properties  of  these  acids^  and  the  following  need  here  only 
be  mentioned. 

I.  The   majority  of  the  acids  of  the  lactic  series  cannot  be 

distilled  unchanged^   but  the   nature  of  the  change  which  they 

undergo    depends  on  their   constitution.       For    example,    when 

hydroxy  acetic   or   glycolic  acid  is  heated  on  the  water  bath,  it  is 

gradually  converted  into  dehydroglycolic  acid  : 

CH^.OH         COOH  CH^.O.CO 

I  +1  -    I  I  +    0H„ 

COOH  CH2.OH        COOHCH.OH 

and  on  continued  heating,  this  compound  loses  the  elements  of  a 
molecule  of  water  and  is  converted  into  the  "  etheric-anhydride^^ 
glycolide  : 

CH^.O.CO  CH,.O.CO 

II  -11+    OH,, 

COOHCH^.OH         CO.O.CH, 
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Methyl-^  ethyl-  and  isopropyl-tiydroxy  acetic  acids  behave 
ill  a  similar  manner,  but  dimethhydroxyacetic  acid, 
(CH3)2C(OH).COOH,  may  be  distilled  unchanged.  a-Hydroxy- 
propionic  (hydracrylic)  acid,  the  isomeride  of  methylhydroxy- 
acetic  or  lactic  acid,  however,  vields  acrylic  acid  on  distillation : 
CH2(OH).CH2.COOH  =  CHgZlCH.COOH  +  OH^;  and  the 
homologous  acids  of  the  form  R'.CH(0H).CH2-C00H, 
CH2(OH).CH(R0COOH  and  R'.CH(OH).CH{R0.COOH  in  like 
manner  furnish  the  corresponding  homologues  of  acrylic  acid. 
A  third  mode  of  decomposition  is  illustrated  by  the  conver- 
sion of  y-diethyl-j3-hydroxybutyric  acid  into  diethacetic  acid  and 
ethaldehyde : 

CH3.CH(0H).C(C,H,)^.C00H    =    CH3.COH    +    CH(C2H^),.C00Il. 

2.  When  heated  with  a  concentrated  aqueous  solution  of 
hydriodic  acid,  they  are  converted  into  the  corresponding  acids 
of  the  acetic  series,  the  reaction  doubtless  taking  place  in  two 
stages,  thus  : 

CH3.CH(0H).C00H    +   HI   =    CH3.CHI.COOH    +    OH,; 

Lactic  acid.  lodopropionic  acid. 

CH3.CHI.COOH   +    HI    -    CH3.CH,.C00H    +    I,. 

lodopropionic  acid.  Propionic  acid. 

3.  They  are  readily  oxidized, especially  by  a  mixture  of  potassic 
dichromate  and  diluted  sulphuric  acid.  From  the  results  hitherto 
obtained  it  would  appear  that  in  most  cases  they  behave  as  the 
corresponding  carbinols,  those  which  contain  the  group  CH2.(0H) 
furnishing  the  corresponding  dibasic  acids  owing  to  the  con- 
version of  this  group  into  COOH  (comp.  p.  886) ;  while  those  con- 
taining the  group  CH.(OH)  are  first  converted  into  dihydroxy- 
acids  which  at  once  undergo  oxidation  to  products  containing 
fewer  carbon  atoms,  thus  : 

^'^cooh}™-^h  +  (0  +  OH,)  =  ^"cooh1^^^^)«  ■"  ^^»' 

^"c00h}^(^«)«  +  (^  +  ^H^)  =  C,H,„+,C(0H)3  +  HO.COOH; 
those  containing  the  group  C(OH)  being  acted  upon  in  the 
following  manner,- 

C.H, 
CmH, 


C..H  ^ 


-^'    C(OH)  .  (0   .    OH,)   =    C:fcj^(0«)'   ^   ™-^«««- 


^m  +  1 

COOH 


(J785)  Hydroxyformic  or  Carbonic  Acid:  H2C03=C0(0H)2. 
— The  preparation  and  properties  of  this  acid  need  not  here  be 
described. 

(1786)  Metallic  and  Ethereal    Carbonates. — Although  itself  extremely 
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unstable,  carbonic  acid  furnishes  many  stable  metallic  and  ethereal  salts ;  but  unlike 
all  the  other  acids  of  the  lactic  series,  it  behaves  as  a  dibasic  acid,  exchanging  with 
equal  facility  both  atoms  of  hydrogen  for  the  equivalent  amount  of  metal ;  this 
behaviour,  however,  is  perfectly  in  accordance  with  its  constitution,  since  both 
the  hydroxyl  groups  which  it  contains  are,  it  must  be  supposed,  directly  asso- 
ciated with  the  negative  radicle  CO,  whereas  in  the  homologous  acids,  which  are 
represented  by  the  general  formula  CnH2n(0H).C00H,  only  one  of  the  OH 
groups  is  directly  influenced  by  the  CO  group,  the  other  being  associated  with  a 
positive  hydrocarbon  radicle. 

Acid  metallic  carbonates  of  the  form  HM^CO^,  normal  carbonates  of  the 
form  M'gCOg,  and  a  number  of  so-called  basic  carbonates  are  known.  The  basic 
carbonates  may  be  viewed  in  two  ways ;  either  as  formed  by  the  partial  dis- 
placement of  the  hydrogen  in  the  hydroxides  of  polyvalent  metals  by  the  radicle 
CO;  or  as  derivatives  of  so-called  orthocarhonic  acid*  C(OH)^.  Thus  mala- 
chite, H^Cu^COg,  may  be  represented  either  as  a  basic  carbonate  of  the  formula 
(HO.Cuy^Cbg,  or  as  cupric  orthocarbonate  with  a  single  molecule  of  water  of 
crystallization,  CugCO^  +  OH^;  both  classes  of  compounds  probably  exist,  and 
there  are  also  carbonates  which  may  be  regarded  as  salts  of  poly  carbonic  acids  of 
the  forms  arH^CO^  -  yOH^  and  xM^QO^  —  yOU^.  The  acid  metallic  carbonates 
are  readily  decomposed  into  normal  carbonate,  carbonic  anhydride  and  water ; 
the  normal  carbonates  of  the  more  positive  metals  such  as  potassium,  sodium, 
and  barium  withstand  very  high  temperatures,  but  those  containing  less  positive 
metals  are  more  or  less  readily  decomposed  by  heat. 

Acid  ethereal  salts  of  carbonic  acid  do  not  exist,  but  metallic  ethereal  carbo- 
nates are  formed  by  the  direct  union  of  carbonic  anhydride  with  the  metallic  deriva- 
tives of  the  monhydric  carbinols,  thus :  CO.^  +  NaOCnH^n  ^  ^  =  COgNa-CnHg^  ^  ^ ; 
and  by  the  action  of  the  hydroxides  of  the  more  positive  metals  on  the  normal 
ethereal  carbonates  in  accordance  with  the  equation  :  Q0^{0J1^^  ^  ^^  +  KOH  = 
COgK.CnHjn  4- 1  +  CnH^n  _|.  ^  OH.  These  salts  are  readily  decomposed  by  water, 
yielding  the  corresponding  alcohol  and  acid  metallic  carbonate. 

Normal  ethereal  carbonates  may  be  produced  in  a  variety  of  ways,  amongst 
others  by  the  action  of  compounds  such  as  ethylic  iodide  on  argentic  carbonate 
or  the  metallic  ethereal  carbonates,  the  latter  method  being  available  for  the 
preparation  of  mixed  salts ;  and  by  the  action  of  carbonic  chloride,  COCl^,  on 
the  alcohols  or  their  sodium  derivatives.  The  following  may  be  quoted  as 
examples : 

Ethylic  carbonate :  (C2Hg)2C03. — This  compound  is  formed  in  considerable 
quantity  as  a  bye-product  in  the  preparation  of  ethylic  oxalate  from  alcohol  and 
oxalic  acid,  and  may  also  be  prepared  by  the  action  of  sodium  or  sodic  ethylate 
on  ethylic  oxalate  (q.  v.).     It  is  a  mobile,  colourless  liquid  of  pleasant  ethereal 


*  Orthocarhonic  acid  belongs  to  the  class  of  "  acidhydrols"  (foot-note,  p.  823), 
bearing  the  same  relation  to  carbonic  acid  that  orthoformic  acid  bears  to  formic 
acid.  Its  ethylic  derivative  C(0C2Hj^,  is  a  perfectly  stable  compound,  boiling 
without  the  slightest  change  at  about  160°  (3i6°'4F.);  it  is  obtained  by 
digesting  trichloronitromethane  (chloropicrin)  with  an  alcoholic  solution  of  sodic 
ethylate  (Bassett).  Orthocarhonic  acid  may  be  regarded  as  the  last  term  in  the 
series  of  hydroxides  formed  by  the  gradual  oxidatiou  of  methane ;  thus : 
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odour,  boiling  at   126°  (258°-8  F.),   almost   insoluble  in    water,   but    slowly 
decomposed  when  left  in  contact  with  it,  and  rapidly  decomposed  by  alkalies. 

Phent/lic  carbonate:  (CgHgj^COg,  is  obtained  together  with  the  chloro- 
carbonate  ClCO.OCgHgOn  heating  phenol  with  carbonic  chloride  in  sealed  tubes  at 
about  150°  (302°  r.) ;  it  is  a  crystalline  body,  melting  at  78°  (i72°'4  F.) 
(Kempf,  Jbur.pr.  Chem.  [2],  i.  405). 

(1787)  Compounds  formed  by  the  Displacement  of  one  of  the 
OH  Geoups  in  Caebonic  Acid. — By  the  displacement  of  one  of  the  OH 
groups  in  carbonic  acid  by  radicles  such  as  CI,  CN,  and  NH^,  compounds  are 
obtained,  which  are,  in  reality,  substitution  derivatives  of  formic  acid,  but  they 
are  perhaps  more  conveniently  considered  in  connexion  with  carbonic  acid. 

(1788)  Ethebeal  Chloeocarbonates. — These  compounds  are  formed  by 
the  action  of  carbonic  chloride  on  the  alcohols  in  accordance  with  the  equation  : 
COCl^  +  HOR'  =  CICO.OR'  +  HCl.  They  are  colourless,  pungent  smelling  liquids, 
which  decompose  in  contact  with  water. 

Etliylic  chloroformate  {chlorocarhonate)  :  ClCO.OC^Hg :  is  obtained  by 
passing  carbonic  chloride  into  anhydrous  alcohol ;  the  product  is  rapidly  washed 
with  cold  water,  dried  over  calcic  chloride,  and  the  chloroformate  separated  from 
the  ethylic  carbonate  which  is  simultaneously  produced  in  small  quantity  by 
fractional  distillation.  It  is  a  colourless  mobile  liquid  of  sp.  gr.  1*139  ^t  15° 
(59°  F.),  which  boils  unchanged  at  94°  (20i°'2  F.);  its  vapour  has  a  most 
irritating  effect  on  the  eyes  and  nose.  When  heated  to  a  temperature  of  about 
150°  (302°  F.),  it  is  decomposed  into  carbonic  anhydride  and  monochlorethane ; 
and  metallic  sodium  causes  its  conversion  into  ethylic  carbonate  :  2CICO.OC2HJ  + 
2Na  =  CO(OC2Hg)2  +  CO+  2NaCl;  hence  it  is  of  little  service  in  effecting  "the 
introduction  of  the  group  COOC^H^  into  hydrogenized  carbon  compounds  (Wilm 
and  Wischim,  Ann.  Chem.  Fharm.,  cxlvii.  150). 

Little  is  known  of  the  homolognes  of  ethylic  chloroformate.  The  methylic 
derivative  is  probably  one  of  the  products  of  the  action  of  chlorine  on  methylic 
formate  (Henry,  Deut.  chem.  Ges.  JBer.,  vi.  742).  The  higher  homologues 
appear  to  be  very  unstable  bodies,  since  both  isobutylic  and  isamylic  chloro- 
formate are  decomposed  on  distillation ;  they  are  also  very  readily  decomposed 
by  water,  and  converted  into  the  corresponding  carbonates,  thus  :  Cl.COOC^H  ^  + 
0H,  =  H0.C00C^H^  +  HC1;  2H0.C00,H^:=C0(0C,HJ^  +  C0,  + OH,.    ' 

(1789)  Ethylic  Cyanoformate  (Cyanocaebonate):  NCCOOCgH^,  was 
first  obtained  by  distilling  ethylic  oxamate  with  phosphoric  anhydride  (Weddio-e)  : 
P,0,  +  C0(NHJ.C00C,H,  =  NC.C00C,H^  +  ,HP03;  according  to  Wallach 
{Ann.  Chem.  Pharm.,  clxxxiv.  7),  it  is  best  prepared  by  the  action  of  phospho- 
ric pentachloride:  CO(NH,).COOC,H^  +  PCI,  =  CCyNHJ.COOC^H.  +  POCI3 ; 
CC1^(NH..).C00C2H,  =  2HCI  +  CN.COOC^Hg.  Ethylic  cyanoformatels  a  mobile 
colourless  liquid,  having  an  ethereal  but  pungent  odour;  it  boils  at  116° 
(2  40°'8  F.)  It  slowly  decomposes  in  contact  with  cold  w^ater,  and  rapidly  on 
heating,  into  alcohol,  hydrocyanic  acid,  and  carbonic  anhydride :  alkalies  have 
a  similar  action ;  if  left  in  contact  with  concentrated  hydrochloric  acid,  however, 
it  is  entirely  converted  into  oxalic  acid,  alcohol,  and  ammonic  chloride.  It  is 
very  readily  acted  upon  by  ammonia  and  converted  into  ethylic  amidoformate 
(urethane),  NHj.COOCgHg,  and  ammonic  cyanide  ;  substituted  amines  have  a 
similar  action.  It  combines  directly  with  hydric  sulphide,  forming  the  compound 
OS(NH2).COOC2Hg.  If  heated  with  a  small  quantity  of  bromine  at  a  tempera- 
ture not  exceeding  120°  (248°  F.),  it  undergoes  a  remarkable  change,  being 
converted  into  a  crystalline  polymeride.  It  undergoes  a  similar  change  slowly 
at  ordinary  temperatures,  and  more  rapidly  on  heating,  if  saturated  with  hydro- 
chloric acid  gas.  This  polymeride  crystallizes  in  well-developed  six-sided 
prLiias,  ditiicultiy  soluble  in   water,  alcohol,  and   benzene;    it  melts  at   165° 
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(329°  F.),  but  decomposes  if  heated  above  this  temperature.  On  treatment 
with  hydrochloric  acid,  it  furnishes  ethylio  alcohol,  oxalic  acid,  and  ammonic 
chloride,  and  is  similarly  decomposed  by  boiling  with  alkalies  ;  but  if  dissolved 
in  a  cold  solution  of  potassic  hydrate,  it  is  converted  into  the  corresponding 
potassic  derivative,  which  may  be  obtained  crystallized  in  long  needles  by 
allowing  the  solution  to  evaporate  spontaneously.  Ammonia  produces  a  similar 
change,  displacing  the  0C2Hg  group  by  NH^. 

Methylic  and  isobutylic  cyanoformate  are  formed  from  the  corresponding 
oxamates  on  distillation  with  phosphoric  anhydride  ;  the  former  boils  at  about 
100°  (212°  F.),  and  is  more  easily  decomposed  by  water,  the  latter  at  146° 
(294°-8  F.),  and  is  less  easily  decomposed  by  water  than  the  ethylic  compound. 
Both  gradually  undergo  polymerization  when  saturated  with  hydrochloric  acid 
gas  (Weddige,  Jour.pr.  Chem.  [2],  x.  193). 

(1790)  Amidofokmic  or  Caebamic  Acid:  NH^.COOH.— This  acid  is  not 
known  in  the  free  state,  but  both  metallic  and  ethereal  salts  derived  from  it  are 
readily  obtained  ;  the  latter  are  usually  spoken  of  as  urethanes.  The  metallic 
salts  have  recently  been  submitted  to  careful  investigation  by  Drechsel  {Journ. 
pr.  C^em.  [2],  xvi.  180). 

Ammonic  carbamate  :  NH^.COONH^,  apparently  is  always  formed  whenever 
carbonic  anhydride  and  ammonia  are  brought  together  either  in  the  anhydrous 
condition  or  in  presence  of  water ;  it  is  a  constituent  of  ordinary  commercial 
ammonic  carbonate.  To  prepare  it  in  a  pure  state,  ammonia  and  carbonic  anhy- 
dride are  simultaneously  passed  into  anhydrous  alcohol  which  is  kept  cool ; 
small  crystals  soon  form  in  the  liquid,  and  when  sufficient  has  been  produced, 
the  crystals  together  with  the  alcohol  are  enclosed  in  tubes  which  are  heated  for 
a  short  time  to  100° — 110°  (212° — 230°  F.),  and  then  allowed  to  cool  slowly  ; 
during  the  cooling,  it  crystallizes  out  in  large  thin  plates,  which  are  separated 
from  the  liquid,  rapidly  pressed  between  bibulous  paper  and  dried  over  potassic 
hydrate  (Basaroff,  ibid.,  i.  283).  Ammonic  carbamate  undergoes  decomposi- 
tion in  contact  with  water,  in  which  it  is  easily  soluble,  being  converted  into 
normal  ammonic  carbonate,  but  this  change  takes  place  only  gradually,  especially 
if  ammonia  be  present  (Drechsel) ;  on  the  other  hand,  however,  ammonic  carbo- 
nate dissolved  in  water  is  partially  converted  into  carbamate  on  standing  (Divers; 
Drechsel.  For  the  method  of  detecting  carbamate  in  presence  of  carbonate  see 
Drechsel,  ibid.,  p.  170). 

Calcic  carbamate  :  (NH^.C02).^Ca  +  2  OH,  (comp.  Drechsel). — The  behaviour 
of  this  salt  is  in  many  respects  of  interest.  When  water  is  poured  over  it,  at 
first  a  perfectly  clear  solution  is  obtained,  but  within  about  half  a  minute  the 
liquid  becomes  opalescent  from  the  separation  of  calcic  carbonate ;  a  much  more 
stable  solution  is  obtained  by  dissolving  the  salt  in  a  solution  of  ammonia,  the 
tendency  to  decompose  being  less  the  more  concentrated  the  ammonia  solution ; 
by  saturating  a  warm  ammoniacal  solution  with  the  salt  and  then  cooling  it  to 
0°  (32"  F.),  it  may  be,  obtained  in  magnificent  four-sided  prisms  1—2  min.  in 
length. 

The  metallic  carbamates  apparently  are  in  the  first  instance  all  converted 
into  the  corresponding  cyanates  when  heated  :  NH^.COOM  =  NCOM  +  OH^ ;  but 
these  frequently  undergo  further  change :  thus,  ammonic  carbamate  yields  urea 
(Basaroff);  and  the  carbamates  of  the  alkaline  earth  metals  are  converted  into 
the  corresponding  metall  c  derivatives  of  cyanamide  NH^.CN  (Drechsel). 

Ethylic  amidoformate  or  carbonate;  urethane  :  NHj.COOCgH^.— This  com- 
pound maybe  formed  by  the  action  of  ammonia  on  ethylic  chloroformate  (<-hloro- 
carbonate):  Cl.COOC.H,  +  2NH3  =  NH^.COOC^H,  +  NH^Cl,  or  on  ethylic 
carbonate:  C0(0C,Hj2 -+  NH3  =  NH,.C00C,H,  + HOC.H^;  other  methods  of 
preparation  will  be  described  later  on. 
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It  crystallizes  very  readily  from  alcohol  in  largo  transparent  prisms,  melting 
at  52°  (i25°-6  F.),  and  boils  without  alteration  at  about  180°  (356°  F.) ;  it  is 
much  more  stable  in  presence  of  water  than  the  metallic  carbamates. 

The  homologous  compounds  closely  resemble  the  ethylic  salt.  Methylic 
carbamate  melts  at  about  55°  (131°  F.),  and  boils  at  177°  (35o°'6  F.)  ; 
propylic  carbamate  me\i&  at  50°  (122°  F.)  (Cahours) ;  isobutylic  carbamate 
melts  at  55°  (131°  F.)  and  boils  at  207°  (404°-6  F.)  (Mylius,  Beut.  chem, 
Ges.  Bar.,  v.  973)  ;  isamylic  carbamate  melts  at  66°  (i5o°'8  F.),  and  boils  at 
about  220°  (428°  F.). 

(1791)  Thiocaebonio  Acids  a.nd  their  Derivatives. — Thiocarbonic 
anhydride  (carbonic  bisulphide)  enters  into  reaction  with  metallic  thiohydrides 
(sulphydrates)  and  sulphides  in  precisely  the  same  manner  that  carbonic  anhydride 
does  with  metallic  hydroxides  (hydrates)  and  oxides,  forming  metallic  thiocar- 
bonates  (sulphocarbonates),  thus  : 

CO,    +    2KOH    =    CO(OK)^    +    OH,. 
CS,    +    2KSH    =    CS(SK),    +    SH,., 

Bodies  intermediate  in  composition  between  the  carbonates  and  these  thio- 
carbonates  are  probably  formed  by  the  action  of  metallic  hydroxides  on  carbonic 
oxysulphide  and  bisulphide,  thus:  08,+ 2KOH  =  K^GOS,  +  OH,,  but  they 
have  not  been  isolated.  On  treatment  with  dilute  hydrochloric  acid,  the  thio- 
carbonates  furnish  thiocarbonic  acid,  CS(SH),,  as  an  oily  liquid  j  by  boiling  their 
aqueous  solutions  they  are  rapidly  converted  into  carbonates,  a  similar  decora- 
position  taking  place  at  ordinary  temperatures  :  K^CSg  +  3OH,  =  'K.^QO^  +  3SH  . 

Carbonic  anhydride,  however,  not  only  combines  with  metallic  hydroxides 
and  metallic  derivatives  of  the  carbinols,  but  also  with  metallic  derivatives  of 
thiocarbinols ;  and  in  like  manner,  carbonic  oxysulphide  and  bisulphide  unite 
with  metallic  derivatives  of  the  carbinols  forming  crystalline  metallic  ethereal 
salts  of  thiocarbonic  acids.  Thus  carbonic  oxysulphide  and  bisulphide  unite 
with  potassic  ethylate  forming  the  compounds  C0(0C2HJ.SK  and  CS(0C2Hg).SK 
respectively ;  on  treatment  with  hydrochloric  acid,  the  former  is  at  once  decom- 
posed with  evolution  of  carbonic  oxysulphide  (Salomon,  Jour.  pr.  Chem.  [2],  v. 
476),  but  the  latter  yields  the  acid  ethylic  salt — xantJiic  acid,  CgH.O.CS.SH,  as  a 
colourless,  heavy  oil,  insoluble  in  water.  By  the  action  of  iodine  on  these  metallic 
ethereal  salts,  the  metal  is  withdrawn  and  compounds  resulting  from  the  residues 
of  two  molecules  of  the  salt  are  produced,  potassic  xanthate,  for  example,  being 
acted  upon  thus  :  2C,Hp.CSSK  +  I,  =  (C,H^O.CS.S),  +  2KT. 

The  oxygen  in  the  normal  ethereal  salts  of  carbonic  acid  may  also  be 
partially  or  wholly  displaced  by  sulphur.  Thus  the  following  complete  series  of 
thio-derivatives  of  ethylic  carbonate  is  known  (comp.  Salomon,  ibid.,  vi.  433)  : 


B.  P.°C. 

Sp.  Gr.  at  19°  C. 

CO  J  OCA 

156 

1*0285 

161 

1-0325  (?) 
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The  methods  of  preparing  these  compounds  are  as  follows : 
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I.  CO  1  gQ^jj*,  by  the  action  of  ethylic  chloroforraate  on  sodic  thioethylate, 
CgHj.Sl^a;  and  by  the  action  of  ethylic  bromide  on  the  salt  CO(OC2H5).SK 
(Salomon). 

II.  CS(0C2HJ2,  by  heating  the  compound  (S.CS.OC^HJ^  (Debus). 

III.  CO (80.^115)2,  by  the  action  of  sulphuric  acid  on  ethylic  thiocyanate, 
NC.SC^Hg  (Schraitt  and  Glutz),  and  by  the  action  of  carbonic  chloride  on  sodic 
thioethylate  (Salomon). 

{00  H 
gPjV^by  the  action  of  ethylic  chloride,  bromide  or  iodide  on 

potassic  xanthate,  CS(0C2Hg).SK  (Debus,  Salomon). 

V.  CS(SC2H.)^,  by  the  action  of  ethylic  chloride,  bromide  or  iodide  on 
potassic  thiocarbonate  (Schweitzer,  Husemann). 

They  are  mobile  liquids  of  unpleasant  odour.  Those  which  contain  the 
radicle  CO,  like  ethylic  carbonate,  furnish  ethylic  carbamate  NH^.COOCgHj.,  or 
urea  CONgH^,  on  digestion  with  ammonia;  whereas  those  containing  the 
radicle  CS  finally  yield  ammonic  thiocyanate.  Their  behaviour  with  an 
alcoholic  solution  of  potassic  hydrate  is  in  some  respects  peculiar,  since  those 
containing  the  radicle  CO  form  potassic  carbonate,  whereas  those  containing 
the  radicle  CS  form  the  salt  C0(0C2Hg).SK;  it  may  be  supposed  that  the 
decomposition  of  the  thiocarbonate  is  not  immediately  effected  by  the  potassic 
hydrate,  but  that  an  orthothiocarbonate  is  first  produced  by  their  combination 
and  subsequently  decomposed ;  thus  : 

I  nn  TT  f  v^  2    5^2  ( r\n  tt 

CS[0«A   +    KOH   =    cioH  =   Cog^A    +   CA.OH. 

The  isomeric  methylic  ethylic  dithiocarbonates 

CHgS.CS.OC^Hg  and  CH30.CS.SC,H^ 
behave  in  a  similar  manner,  both  being  converted  into  the  same  ethylic  salt, 
KS.C00C2Hg,  by  the  action  of  potassic  ethylate,  and  into  the  corresponding 
methylic  salt,  KS.COOCH^,  by  the  action  of  potassic  methylate ;  the  latter  salt 
is  even  converted  into  the  ethylic  salt  by  mere  boiling  with  ethylic  alcohol,  but 
the  reverse  change  has  not  been  effected  (Salomon,  ibid.,  viii.  114). 

Carbonic  oxysulphide  and  bisulphide  behave  like  carbonic  anhydride  with 
ammonia,  combining  directly  with  it  to  form  crystalline  ammonic  thiocarbonates  j 
that  produced  from  carbonic  oxysulphide  has  the  formula  NH^.CO.SNH^ :  on 
treatment  with  dilute  acids,  it  at  once  decomposes  with  evolution  of  carbonic 
oxysulphide;  when  heated  alone  at  about  140°  (284°  F.),  it  is  converted  into 
urea,  CONjH^  (Kretzschmar,  ibid.,  viii.  474).  The  ammonic  salt  produced  by 
the  union  of  ammonia  and  carbonic  bisulphide,  when  treated  with  dilute  hydro- 
chloric acid,  furnishes  the  corresponding  acid,  NH2.CSSH,  as  a  heavy  oily  liquid 
capable  of  decomposing  metallic  carbonates  with  effervescence ;  by  the  action  of 
the  halogens,  it  is  converted  into  so-called  hydranzotin,  (NHg.CS.S)^*,  a  crystal- 
line body  of  considerable  stability  {Jour.  Chem.  Soc,  1878,  p.  857). 

Ethereal  salts  of  thiocarbamic  acids  may  be  obtained  by  methods  similar  to 
those  by  which  ethereal  salts  of  carbamic  acid  are  formed,  and  they  closely 
resemble  these  latter  in  their  properties ;  thus  the  following  complete  series  of 
thio-derivatives  of  ethylic  carbamate  are  known: 

I.  NH^.CO.SC^Hg,  obtained  by  the  action  of  gaseous  ammonia  on  the  com- 
pound ClCO.SC^Hg,  produced  by  saturating  thioethylic  alcohol  with  carbonic 
chloride;  it  melts  at  108°  (226°'4  F.)  (Salomon,  ibid.,  vii.  252). 

II.  NH2.CS.OC2Hg,  obtained  by  the  action  of  ammonia  en  the  thiocarbonate 
C.H^S.CS.OCaH,  and  on  the  compound  (C^H^O.CSS)^;  itmeUsaT;38'  (ioo°-4  F.). 

3  3  L 
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ill.  NH^.CS.SCjHj,  produced  by  the  direct  combination  of  hydric  sulphide 
and  ethylic  thiocyanate  :  NO.SC.^Hg  +  SH^  =  NH^.CS.SC^Hg  (Conrad  and  Salo- 
mon, ibid.f  X.  28);  it  melts  at  about  42°  (io7°*6  F.).  When  decomposed 
with  potassic  hydrate,  the  first  of  these  compounds  yields  potassic  carbonate,  but 
the  two  others  furnish  potassic  thiocyanate. 

(1792)  Hydroxyacetic  or  Glycolic  Acid;  Gly colic  acid; 
oxy acetic  acid :  CgH^O.^  =  CH2(0H).C00H. — This  acid  is  formed 
by  the '  action  of  water  on  the  monohaloid  derivatives  of  acetic 
acid  (comp.  1794);  by  the  action  of  nitrous  acid  on  glycine; 
by  oxidation  of  ethylic  alcohol,  ethaldehyde,  glycol  and  other 
hydroxy-compounds,  such  ais  glycerol,  levulose  (q.v.),  &c. ;  by 
the  action  of  nascent  hydrogen  on  oxalic  acid  (Schulze,  Church, 
Claus)  or  ethylic  oxalate  (Eghis,  Debus) ;  and  by  the  action  of 
alkalies  on  glyoxal  and  glyoxylic  acid  (Debus).  It  has  been 
detected  in  the  juice  of  unripe  grapes  (Erlenmeyer),  and  in  the 
leaves  of  the  Virginia  creeper — Ampelopsis  hederacea  (Gorup- 
Besanez).  It  is  best  prepared  by  boiling  a  moderately  concen- 
trated aqueous  solution  of  monochloracetic  acid  for  several  hours 
in  a  flask  attached  to  a  reversed  condenser,  and  then  evaporating 
the  solution  to  a  syrup  on  the  water-bath  to  expel  the  hydro- 
chloric acid  (Fittig,  Deut,  chem.  Ges.  Ber.,  ix.  1197). 

Hydroxyacetic  acid  crystallizes  from  water,  in  which  it  is  very 
soluble,  in  concentrically  grouped  needles;  on  dissolving  these 
in  ether  free  from  alcohol  and  allowing  the  solution  to  slowly 
evaporate  in  vacuo,  it  separates  in  anhydrous  non-deliquescent 
plates  melting  at  80°  (176°  F.)  (Fahlberg,  Jour.  pr.  Chem.  [2], 
vii.  329).  It  is  very  easily  reduced  to  acetic  acid  by  heating 
with  hydriodic  acid  solution  (Kekule),  and  may  also  be  converted 
into  this  acid  by  prolonged  digestion  with  zinc  and  dilute  sul- 
phuric acid  (Claus,  Ann,  Chem.  Pharm.,  cxlv.  256).  When  heated 
with  a  saturated  solution  of  hydrobromic  acid  at  100  (212°  F.), 
it  yields  bromacetic  acid  (Kekule),  but,  according  to  Fahlberg, 
hydrochloric  acid  is  without  action  under  similar  circumstances. 
It  is  by  no  means  readily  acted  upon  by  phosphoric  penta- 
chloride  :  on  heating  a  mixture  of  the  two  substances  in  simple 
molecular  proportions  to  about  80°  (176°  F.),  hydroxyacetic 
chloride,  CH2(0H).C0C1,  is  apparently  produced  ;  if  double  the 
quantity  of  pentachloride  be  employed,  and  the  mixture  heated 
at  120°  (248°  F.),  monochloracetic  chloride  is  formed  (Fahlberg). 
It  is  very  readily  oxidized  and  converted  into  oxalic  acid.  When 
heated  with  sulphuric  acid,  it  is  decomposed  in  accordance  with 
the  equation:  CH2(OH).COOH  +  OH2=CH2(OIl)2  +  H.COOH 
(comp.  1624). 

Metallic      and      Ethereal     Salts. — Hydroxyacetic      acid     famishes     a 
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number  of  characteristic  cr^'stalline  metallic  salts.  Calcic  hydroxyacetate^ 
[CH2(OH)COj2Ca,  crystallizes  with  2  mols.  of  water  in  glistening  concentrically 
grouped  needles,  soluble  in  80  pts.  water  at  15°  (59°  F.),  and  in  anhydrous 
much  less  soluble  aggregates  (Pahlberg;  Carius,  ibid.,  ix.  303).  Cupric 
hydroxy  acetate,  [CH2(OH).COj2Cu,  forms  beautiful  blue  crystals  which  dissolve 
in  about  130  pts.  of  cold  water.  Plumbic  hydroxy  acetate,  [CH2(0H).C0.].Pb, 
crystallizes  in  transparent  monoclinic  prisms  soluble  in  about  30  pts.  of  cold 
water;  in  order  to  obtain  this  salt  it  is  necessary  to  maintain  the  solution 
acid  during  concentration,  otherwise  a  basic  salt,  {G^HfiX'^^K'  ^^  pi'oduced 
(Fahlberg).  Hthylic  hydroxy  acetate,  CH2(OH).COOC2Hg,  may  be  prepared  by 
distilling  a  dry  mixture  of  potassic  hydroxyacetate  and  potassic  ethylic  sulphate 
from  the  oil  bath,  or  by  heating  glycolide  with  alcohol  at  200'*  (392°  F.) ;  it 
is  a  colourless  liquid,  which  boils  at  155°  {311°  F.).  On  treatment  with 
phosphoric  pentachloride  it  yields  ethylic  monochloracetate  (Fahlberg ;  Norton 
and  Tcherniak). 

(1793)  DEHYDROGLYCOLIC  AciD  and  Glycolide. — If  the  syrup  which 
remains  on  evaporating  an  aqueous  solution  of  hydroxyacetic  acid  on  the  watei  - 
bath  be  further  heated  for  any  length  of  time  it  becomes  incapable  of  crystal- 
lizing when  exposed  over  sulphuric  acid,  and  on  pouring  it  into  cold  water  only 
a  portion  dissolves,  leaving  a  white  insoluble  residue  of  a  compound  formed  by 
the  withdrawal  of  the  elements  of  a  molecule  of  water  from  2  mols.  of  hydroxy- 
acetic acid,  which,  however,  is  more  readily  prepared  by  exposing  the  crystalline 
acid,  together  with  sulphuric  anhydride,  under  a  bell  jar  for  a  few  days,  and  wash- 
ing the  pulverulent  product  with  cold  water.  This  substance  is  insoluble  in  cold 
water,  alcohol  and  ether,  but  dissolves  in  hot  water,  re-forming  hydroxyacetic 
acid ;  by  dissolving  it  in  fused  hydroxyacetic  acid,  a  mixture  is  obtained  which 
remains  liquid  on  cooling;  it  melts  at  about  130^^  (266°  F.),  but  if  heated  above 
this  temperature,  it  gradually  loses  water  and  is  converted  into  glycolide  (Fahl- 
berg, loc.  cit.). 

Glycolide  is  more  readily  prepared  by  gradually  heating  anhydrous  sodic 
monochloracetate  to  a  temperature  of  150°  (302°  F.)  for  a  couple  of  days, 
washing  the  product  with  warm  water  until  the  whole  of  the  sodic  chloride  is 
removed,  and  drying  the  residue  at  200°  (392°  F.)  (Norton  and  Tcherniak, 
Bull.  Sac.  Chem.,  xxx.  103).  It  is  a  white  friable  substance,  melting  at  220° 
(428°  F.),  insoluble,  or  nearly  so,  in  most  solvents;  on  boiling  with  water  it  is 
slowly  dissolved  and  reconverted  into  hydroxyacetic  acid,  but  ammonia  readily 
attacks  it,  forming  glycolamide,  CH2(OH).CO.NH2,  and  amines  have  a  similar 
action. 

The  following  formulae  most  probably  represent  the  relation  which  these  two 
compounds  bear  to  hydroxyacetic  a^id  (comp.  1802) : 

CH,.OH  CH^.O.CO  CR.O.CO 

I  II  II 

COOH  COOHCH^.OH  CO.O.CH^ 

Glycolic  acid.  Dehydrogly colic  acid.  Glycolide. 

(1794)  DiGLYCOLic  Acid  :  C,HgOg  =  OiCH^.COOH)^.— When  monochlor- 
acetic  acid  is  heated  with  water,  only  glycolic  acid  is  formed;  but  if  a  metallic 
oxide  or  hydrate  be  also  present  more  or  less  diglycolic  acid  is  usually  pro- 
duced. According  to  Schreiber  {Jour.  pr.  Chem.  [2],  xiii.  436),  the  soluble 
metallic  hydrates  of  the  form  M^OH  fxirnish  chiefly  glycolic  acid,  whereas,  with 
those  of  the  form  M"(0H)2,  chiefly  diglycolic  acid  is  produced  ;  lithic  hydrate, 
however,  behaves  more  like  the  hydrates  of  the  alkaline-earthy  metals,  and 
magnesic  oxide  more  like  the  hydrates  ot  the  alkali  metals.  With  plumbic 
hydrate,  both  glycolic  and  diglycolic  acids  are  formed;  aluminic,  zincic  and 
stannous  hydrates  furnish    only   glycolic-  acid,  the   action   taking  place   with 

3  L  2 
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remarkable  slowness  in  the  case  of  the  last-mpntioned  hydrate ;  with  the  oxides 
of  silver  and  mercury  only  glyoolic  acid  is  formed,  but  this  partially  undergoes 
oxidation  to  oxalic  acid.  The  formation  of  diglycolic  acid  is  doubtless  due  to 
the  conversion  of  the  glycolic  acid  first  produced  into  a  metallic  derivative  of  the 
form  M^O.CHj.COOM',  which  acts  on  the  chloracetate  simultaneously  with  the 
water,  thus  :  CHp.COOM  +  MO.CH^.COOM  =  0{QYi^.COOU\  +  MCI. 

Diglycolic  acid  may  also  be  obtained  by  oxidizing  diethylenic  alcohol, 
0(CH2.CH2.0H)2,  with  nitric  acid  (Wurtz).  It  crystallizes  with  i  mol.  of  water 
in  monoclinic  prisms;  the  anhydrous  acid  melts  at  148°  (298°*4  P.).  It  fur- 
nishes a  number  of  crystalline  salts,  which  are  mostly  much  less  soluble  than  the 
corresponding  glycolates. 

(1795)  Etheetc  Acids  derived  from  Hydeoxyacetic  Acid. — By  the 
action  of  the  sodium  derivatives  of  carbinols  such  as  methylic,  ethylic  and  amylic 
alcohol  on  chloracetic  acid,  Heintz  has  prepared  a  number  of  etheric  acids  of 
the  form  CH2(OCnH2„  4.  j),COOH ;  these  compounds  are  not  decomposed  by 
alkalies,  but  when  heated  with  hydriodic  acid  they  exchange  the  CnH2n  + 1  radicle 
for  hydrogen. 

(1796)  Thioglycolic  and  Thiodiglycolic  Acids,— These  two  acids  are 

both   produced   on   adding  monochloracetic  acid   to  a  concentrated  solution  of 

potassic  thiohydrate,   KSH   (Claessonj   Ann.  Chem.   Pharm.,  clxxxvii.    113); 

and  their  ethylic  salts  are  formed  in  like  manner  from  ethylic  monochloracetate 

(Wislicenus,  ibid.,  cxlvi.  J 45).       When   neutralized   with   carbonates,   hydrates 

or  oxiaes  of  metals  having  less  affinity  for  sulphur  than  for  oxygen,  thioglycolic 

acid  furnishes  normal  salts    of  the  form  CH2(SH).C00M ;  but  metals  having  a 

greater  affinity  for  sulphur  than   for  oxygen  displace   the    hydrogen  in  the  SH 

group  :  thus,  it  is  readily  acted  upon  by  mercuric  oxide  and  converted  into  a 

(  K  PIT  OOOH 
•jompound  of  the  formula  Hg  \  g  ch'^  CQOH'  ^^^^^  crystallizes  from  hot  water 

in  long  fine  needles.  On  adding  baric  chloride  and  ammonia  to  a  solution  of 
the  normal  potassic  salt,  a  white  crystalline  precipitate,  almost  insoluble  in 
water,  is  produced,  which  has  the  composition  represented  by  the  formula 
CH,.S  )  CH2.SBa.COO 

I  >  Ba  or     I  1       . 

COO    i  COO.BaS.CH2 

The  selenium  analogue  of  thiodiglycolic  acid,  Se(CH2.COOH)2,  is  obtained  as 
ammonic  salt  by  the  action  of  ammonic  monochloracetate  on  an  alcoholic  solution 
of  ammonic  selenide.  It  crystallizes  from  water  in  large  colourless  prisms 
(Schulze  and  Ulrich,  Deut.  chem.  Ges.  Ber.,  viii.  773). 

(1797)  Hydroxypropionic  or  Lactic  Acids:  CgHgOg. — 
Propionic  acid  theoretically  can  only  furnish  two  monhydroxy- 
derivatives,  viz. : 

CH3.CH2.COOH  CH2(OH).CH2.COOH  CH3.CH(0H).C00H 

Propionic  acid.  a-Hydroxypropionic  acid.  /3-Hydroxypropiouic  acid. 

At  least  three  distinct  acids  of  the  formula  CgHgOg  are  known, 
however,  but  two  of  these  appear  merely  to  differ  in  certain 
physical  properties  and  not  in  their  general  chemical  behaviour. 

(1798)  a-HYDROxY^ROPioNic  AciD  ;  Ethylenelactic  or  Hydra- 
crylic  Acid :  CH2(OH).CH2.COOH.— This  acid  has  been  obtained 
I.  by  displacing  the  iodine  in  a-iodopropionic  acid  (1769), 
CHgl.CHg.COOH,  by  the  group  OH  by  heating  it  with  water  in 
presence    of  metallic    hydroxides,   those    of  silver   and  calcium 
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having  been  employed;  2.  by  heating  a-cyanethylic  alcohol 
(glycolic  or  ethylenic  cyanhydrin),  CH2(OH).CH2.CN,  with  water 
and  an  aJkali  or  a  mineral  acid:  CH2(OH).CH^.CN  +  30H2= 
CH2(OH).CH2.COOH  +  NH3;  and  3.  as  sodic  salt  by  heating 
sodic  acrylate  with  a  solution  of  sodic  hydrate  at  100°  (212°  F.) : 
CHg— CH.COONa  +  OH2=CH2(OH).CH2.COONa. 

The  action  of  argentic  hydroxide  on  a-iodopropionic  acid  was  first  studied  by 
Beilstein,  who,  however,  assigned  the  formula  C^fi.fi^j^  to  the  acid  produced, 
terming  it  Jiydr acrylic  acid  on  account  of  its  conversion  into  acrylic  acid  and 
water  on  distillation.  Two  years  later  (1864)  Moldenhauer  published  a  paper 
in  which  he  suggested  that  hydracrylic  acid  was  merely  an  intermediate  pro* 
duct,  stating  that  it  could  be  converted  into  an  acid  of  the  composition  of  lactic 
acid  by  heating  its  solution  with  alkalies,  &c.  Later  on  Wichelhaus,  and  sub- 
sequently Von  .Richter,  endeavoured  to  prove  that  the  lactic  acid  thus  produced 
was  sarcolactic  acid,  and  not  the  ordinary  acid  obtainable  by  fermentation,  but 
without  obtaining  very  definite  results.  The  true  nature  of  the  reaction  was 
finally  ascertained  by  Wislicenus,  who  showed  that  the  iodopropionic  acid  was 
directly  converted  into  an  acid  of  the  composition  of  lactic  acid,  but  that,  at  the 
same  time,  acrylic  acid,  CgH^O^,  and  two  other  isomeric  acids  of  the  compositioa 
CgHj^jOg  {dihydr acrylic  and  paradipimalic  acid)  were  produced.  The  lactic 
acid  thus  prepared  was  reconverted  with  extreme  readiness  into  a-iodopropionic 
acid  by  the  action  of  hydriodic  acid,  and  furnished  crystalline  salts. 

By  digesting  a-iodopropionic  acid  with  milk  of  lime,  Heintz  also  obtained 
acrylic  and  lactic  acids,  but  did  not  observe  the  formation  of  an  acid  analogous  to 
diglycolic  acid  (1794),  or  of  the  other  acids  obtained  by  Wislicenus  (comp.  Ann. 
Chem.  Pharm.,  clxvi.  6).  In  the  course  of  his  experiments  Heintz  discovered 
a  comparatively  difficultly  soluble  zinc-calcium  double  salt,  highly  characteristic  of 
the  lactic  acid  thus  obtained,  and  this  same  salt  was  subsequently  prepared 
by  Wislicenus  from  the  acid  produced  with  the  aid  of  argentic  hydroxide. 

By  heating  a-chlorethylic  alcohol  (glycolic  or  ethylenic  chlorhydrin), 
CH2(0H).CH2C1,  with  potassic  cyanide  and  decomposing  the  resulting  cyan- 
hydrin,  CH2(OH).CH2.CN,  with  alkali,  Wislicenus  had  previously  obtained  an 
acid  of  the  formula  Cfifi^  which  appeared  to  be  isomeric  with  that  from  iodo- 
propionic acid,  as  it  did  not  yield  a-iodopropionic  acid  on  treatment  with 
hydriodic  acid  and  gave  only  amorphous  salts.  From  the  manner  in  which 
it  was  formed,  this  acid  was  apparently  the  true  "  ethylenelactic"  acid, 
CH2(OH).CH2.COOH,  and  in  order  to  explain  the  isomerism  between  it  and 
hydracrylic  acid  (this  name  being  adopted  for  the  lactic  acid  from  a-iodopropionic 
acid),  Wislicenus  suggested  that  hydracrylic  acid,  a-iodopropionic  acid,  glyceric 
and  acrylic  acids  were  not,  as  w^as  usually  supposed,  true  carboxylic  acids, 
but  acids  of  peculiar  constitution  such  as  are  represented  by  the  following 
formulae : 

CHJ  CH^-OH         CH^.OH         CH, 

/CH  /CH  C.OH         /CH 

^  CH.OH       ^  CH.OH       ^  CH.OH       ^xCH.OH 

a-Iodopropionic  acid  Hydracrylic  acid.  Glyceric  acid.  Acrylic  acid. 

Recent  experiments  of  Erlenmeyer  [Ann.  Chem.  Fharm.,  cxci.  261)  appear 
to  show,  however,  that  the  conclusions  drawn  by  Wislicenus  were  erro- 
neous, for  this  chemist  finds  that  the  acid  obtained  from  the  chlorhydrin 
CH2(0H).CH3C1  readily  yields  both  a-iodopropionic  acid  and  the  zinc-calcium 
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double  salt  characteristic  of  "hydracrylic  acid."  The  amount  of  cyanhydrin, 
and  therefore  of  acid,  obtained  from  the  chlorhydrin  CH2(0H).CH2C1  is  very 
small.  According  to  Erlenmeyer,  a  far  better  method  of  preparing  the  former 
consists  in  heating  a  mixture  of  ethylenic  oxide  and  hydrocyanic  acid  in  simple 
molecular  proportions  for  several  days  at  50° — 60°  (122° — 140°  F.) ;  the  product 
is  apparently  a  mixture  of  the  cyanhydrin  CH2(OH).CH2.CN  with  a  small 
quantity  of  the  isomeric  ethylidenic  cyanhydrin  (1630),  CH3.CH(0H).CN : 
it  begins  to  boil  at  190°  (374°  F.),  but  distils  chiefly  at  about  220°  {428°  F.), 
the  portion  collected  at  the  latter  temperature  consisting  of  the  pure  ethylenic 
cyanhydrin.  When  decomposed  by  boiling  either  with  hydrochloric  acid  or 
with  sodic  hydrate  solution,  the  pure  a-cyanethylic  alcohol  yields  both  a-hydroxy- 
propionic  and  acrylic  acids  together  with  a  small  amount  of  an  amorphous 
nitrogenous  compound. 

According  to  Linnemann  (^Deut.  chem.  Ges.  Ber.,  viii.  1095),  sodic  acrylate 
is  almost  entirely  converted  into  a  mixture  of  the  sodic  salts  of  "  hydracrylic" 
and  Wislicenus's  ethylenelactic  acid  by  heating  with  an  {iqueous  solution  of 
sodic  hydrate,  the  two  salts  being  formed  in  about  equal  proportions ;  according 
to  Erlenmeyer  {loc.  cit.),  only  a-hydroxypropionate  is  produced,  much  of  the 
acrylate  remaining  unchanged. 

In  order  to  prepare  pure  a-hydroxypropionic  acid  from  a-iodopropionic  acid, 
the  aqueous  solution  of  the  latter  is  digested  with  a  slight  excess  of  freshly 
precipitated  argentic  hydroxide,  the  dissolved  silver  is  then  removed  by  hydric 
sulphide,  the  solution  neutralized  with  sodic  carbonate,  evaporated  to  dryness, 
and  the  residue  extracted  with  boiling  95  per  cent,  alcohol;  the  salt  which 
crystallizes  out  on  cooling  is  purified  by  recrystallization  from  alcohol  and  may 
then  be  used  for  the  preparation  of  the  acid  or  of  other  salts. 

a-Hydroxypropionic  acid  remaiDS  as  a  strongly  acid  syrup  on 
evaporating  its  aqueous  solution  on  the  water-bath ;  when  dis- 
tilled, it  is  almost  completely  converted  into  acrylic  acid  and 
water,  a  decomposition  which  is  still  more  readily  effected  by 
boiling  it  with  a  mixture  of  equal  volumes  of  sulphuric  acid 
and  water.  When  oxidized  with  either  chromic  or  nitric  acid, 
it  furnishes  only  oxalic  acid  besides  carbonic  acid ;  on  boiling  its 
solution  with  argentic  oxide,  carbonic  anhydride  is  evolved  from 
the  commencement  of  the  oxidation,  and  glycolic  and  oxalic  acids 
are  produced,  carbacetoxylic  acid  being  perhaps  formed  in  the 
first  instance ;  on  fusing  it  with  potassic  hydrate,  it  yields  chiefly 
formic  and  acetic  acids,  a  little  oxalic  acid  and  perhaps  glycolic 
acid  being  also  formed.  These  results  appear  to  indicate  that  the 
oxidation  does  not  directly  affect  the  CHg.OH  group,  but  rather 
that  the  carboxyl  group  is  the  first  to  be  attacked  and  split  off. 

Metallic  a- Kydroxypropionates. — The  argentic  salt  crystallizes  in  delicate 
needles  and  prisms,  easily  soluble  even  in  cold  water.  Sodic  a-Jiydroxypro- 
pionate  is  seldom  obtained  in  distinct  crystals,  but  usually  separates  from  a  hot 
alcoholic  solution  in  crusts;  it  is  difficultly  soluble  in  hot  anhydrous  alcohol, 
but  more  soluble  in  95  per  cent,  spirit;  it  is  extremely  deliquescent  in  moist 
air.  The  crystallized  salt,  after  drying  in  vacuo,  is  anhydrous,  and  melts  at 
about  143°  (289^-4  F.)  to  a  clear  liquid;  if  heated  to  about  180°  (356°  F.),  it 
slowly  loses  the  elements  of  a  molecule  of  water ;  the  same  change  is  rapidly 
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effected  if  it  be  heated  at  250°  (482°  F.).  The  product  has  the  composition  of 
sodic  acrylate,  but  does  not  entirely  consist  of  this  salt,  as  it  becomes  warm  on 
moistening  with  water,  and  may  then  be  resolved  into  a  mixture  of  sodic  acry- 
late and  of  the  sodic  salts  of  the  so-called  dihydracrylic  and  paradipimtilic  acids 
(p.  885),  the  relation  of  which  to  the  parent  compound  is  not  yet  ascertained. 

Calcic  a-hydroxyprojpionate,  CglT^^jCaOg  +  2OH2,  although  very  soluble 
even  in  cold  water,  crystallizes  in  large,  well-formed,  apparently  rhombic  prisms. 
Zincic  a-hydroxyprapionate,  CgH^^ZnOg  ■¥  4OH2,  also  crystallizes  very  readily 
in  large  triclinic  prisms,  soluble  to  the  extent  of  100  pts.  in  119  pts.  of  water 
at  I5°'5  (59°'9  F.),  and  miscible  in  all  proportions  with  water  heated  above  60° 
(140°  F.).  The  anhydrous  salt  melts  at  160°  (320°  F.).  On  mixing  concen- 
trated solutions  of  the  zinc  and  calcium  salts  in  about  equivalent  proportions,  a 
crystalline  precipitate  forms  sooner  or  later,  consisting  of  the  double  salt 
CgHj^CaOg,  CgH^^^ZnO^;  this  salt  dissolves  in  11-5  pts.  of  water  at  15°  (59"  F.) 
and  is  but  slightly  more  soluble  in  hot  water. 

(1799)  j3-Hydroxypropionic  OR  Methhydroxyacetic  Acid  ; 
Ethylidenelactk  Acid:  CH3.CH(0H).C00H.— Two  modifications 
of  this  acid  are  to  be  distinguished  :  the  lactic  acid  produced  by- 
fermentation^  which  is  the  acid  of  sour  milk,  and  sarcolactic  acid 
which  has  hitherto  only  been  obtained  from  flesh  juice.  The 
latter  difi'ers  from  the  former  in  being  optically  active,  and  the 
salts  derived  from  the  two  acids  exhibit  slight  differences  in 
composition  ;  but  they  agree  in  their  general  chemical  behaviour, 
acd  the  active  may  be  converted  into  the  inactive  acid.  The 
nature  of  the  isomerism  which  obtains  between  them  cannot  at 
present  be  explained. 

(1800)  Inactive  j3-Hydroxypropionic  Acid  ;  Lactic  Add. — 
Lactic  acid  or  its  salts  maybe  obtained,  i.  by  heating  j3-chloro- 
or  /3-bromopropionic  acid  (1769)  with  water  and  metallic  hy- 
droxides; 2.  by  the  action  of  nitrous  acid  on  /3-alanine  (177.5) ; 
3.  by  exposing  a  concentrated  solution  of  methylglycol, 
CH3.CH(OH).CH2(OH),  in  contact  with  platinum-black  to  the 
air;  4.  by  digesting  j3-cyanethylic  alcohol  (1630)  with  hydro- 
chloric acid ;  5.  by  the  action  of  nascent  hydrogen  on  pyruvic 
acid,  CH3.CO.COOH  ;  6.  by  fusing  glycerol  with  potassic  hydrate 
{ibid,  xi.,  1167),  or  by  boiling  glyceric  acid  with  a  solution 
of  potassic  hydrate  (Debus);  7.  by  heating  dichloracetone, 
CHg.CO.CHCJg,  with  water  at  200°  (392°  F.)  (Linnemann  and 
Zotta,  Ann.  Chem.  Pharm.,  clix.  247) ;  8.  by  heating  glucose  with 
a  solution  of  sodic  or  baric  hydrate  (comp.  p.  58 1 ),  as  much  as 
70 — 80  per  cent,  of  the  glucose  being  converted  into  the  acid 
if  the  latter    be    employed  (Schiitzenberger,   Deut.    chem.    Ges. 

Ber.i  ix.  448). 

Lactic  acid  is  best  prepared  by  fermentation  from  cane  sugar ;  as  in  the 
vinous  fermentation,  the  sugar  is  first  converted  into  glucoses,  which  are  then 
resolved  into  two  molecules  of  lactic  acid:  C.HjA  =  2C,H^03.     This  change 
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takes  place  under  the  influence  of  a  specific  organism.  The  method  usually 
adopted  is  to  add  a  quantity  of  decayed  cheese  and  sour  milk,  together  with 
sufficient  calcic  or  zincic  carbonate  to  neutralize  the  acid  as  it  forms,  to  a  solution 
of  sugar,  and  to  set  aside  this  mixture  at  a  temperature  of  about  40° — 45"^ 
(104° — 113°  F.)  for  eight  or  ten  days.  The  cheese  and  milk  simply  serve 
as  a  means  of  introducing  the  organisms  by  which  the  decomposition  is  effected, 
and  also  supply  the  mineral  salts  and  nitrogen  necessary  for  the  life  and  multi- 
plication of  these  organisms  ;  a  much  purer  product  would  probably  be  as  readily 
obtained  if  small  quantities  of  the  necessary  mineral  salts  were  dissolved  in  the 
sugar  solution,  and  sufficient  previously  cultivated  ferment  then  added  to  inocu- 
late the  liquid  (comp.  Fitz,  Deut.  chem.  Ges.  Ber.,  xi.  1890). 

Pure  lactic  acid  of  the  formula  CgHgOg  cannot  be  obtained 
in  consequence  of  the  readiness  with  which  it  undergoes  conver- 
sion into  dehydrolactic  acid,  Q  fi^^O^  =  20^11  fi^  — OH ^,  this  change 
taking  place  on  mere  exposure  of  a  concentrated  aqueous  solu- 
tion of  the  acid  over  sulphuric  acid  in  vacuo ;  the  strongly 
acid  syrup  obtained  by  evaporating  a  solution  of  the  acid  is 
probably  a  mixture  of  the  compounds  CH3.CH(OH).C(OH)3, 
CH3.CH(0H).C00H,  and  C^H^^Og,  and  may  even  contain  lac- 
tide,  CgHgO^  (Wislicenus,  comp.  iSoij,  1803). 

On  distilling  an  aqueous  solution  of  lactic  acid,  a  certain 
amount  of  acid  volatilizes  with  the  steam  ;  if  the  syrupy  acid  is 
slowly  heated,  lactide  is  produced,  but  if  it  be  rapidly  heated  it 
is  chiefly  resolved  into  ethaldehyde,  carbonic  oxide  and  water : 
CHg.CHlOHj.COOHrrCHg.COH  +  CO  +  OHg.  Ethaldehyde  is 
also  produced  together  with  formic  acid  on  heating  lactic  acid  with 
dilute  sulphuric  acid  at  130°  (266°  E.)  :  CH3.CH(0H).C00H  + 
OH2=CH3.CH(OH)2  +  H.COOH:  oxidizing  agents  such  as  a 
mixture  of  manganic  dioxide  and  sulphuric  acid  act  similarly, 
forming  ethaldehyde  and  carbonic  acid:  CH3.CH(0H).C00H  + 
(0  +  OH2)=CH3.CH(OH)2+HO.COOH,  but  if  more  powerful 
oxidizing  agents  are  employed  acetic  acid  is  produced.  When 
fused  with  potassic  hydrate  it  yields  a  certain  amount  of  butyric 
acid  (Hoppe-Seyler,  Zeits.  physiolog.  Chem.  2,  14). 

Lactic  acid  is  converted  into  j3-bromopropionic  acid, 
CH3.CH(Br).C00H,  when  heated  with  a  saturated  solution  of 
hydrobromic  acid  at  100°  (212°  F.);  when  treated  in  a  similar 
manner  with  hydriodic  acid,  however,  it  yields  propionic  acid, 
but  j3-iodopropionic  acid  is  doubtless  formed  as  an  intermediate 
product.  This  iodo-acid  may  be  obtained  by  acting  on  syrupy 
lactic  acid  with  phosphorous  iodide  and  treating  the  product  with 
water.  Phosphoric  pentachloride  readily  acts  on  lactic  acid  and 
metallic  lactates,  forming  |3-chloropropionic  chloride. 

Lactic  acid  is  itself  capable  of  undergoing  fermentation,  and 
if  in  the  preparation  of  the  acid  from  sugar  the  fermentation  be 
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not  stopped  when  the  conversion  into  lactate  is  complete,  the 
lactate  gradually  disappears,  giving  place  to  a  mixture  of  acetate, 
normal  butyrate  and  normal  caproate.  It  may  also  be  converted 
into  propionic  acid  by  fermentation  (Fitz,  loc.  cit). 

Metallic  lactates. — The  salts  of  /3-hydroxypropionic  acid  are  less  charac- 
teristic than  those  of  the  a-acid.  The  calcic  salt,  CgH^^CaO  +  5 OH  ,  forms 
alggregates  of  small  thin  needles,  soluble  in  9 — 10  pts.  of  cold  water.  Zincic 
lactate,  CgH^^ZnOg  +  sOH^,  crystallizes  in  small  colourless  prisms,  soluble 
in  about  60  pts.  of  cold  water  and  in  about  6  pts.  of  boiling  water.  Sodic 
lactate  crystallizes  only  with  difficulty  and  from  very  concentrated  solutions; 
on  adding  sodium  to  the  fused  salt,  hydrogen  is  evolved,  so-called  disodic  lactate 
or  sodic  sodoxy propionate,  CHg.CH(ONa).COONa,  being  produced;  this  salt  is 
immediately  decomposed  by  water  into  sodic  lactate  and  sodic  hydrate. 

Ethylic  lactate,  CH3.CH(OH).COOC2Hg,  obtained  by  heating  syrupy  lactic 
acid  with  alcohol  at  170°  (338°  F.),  or  by  distilling  a  mixture  of  a  metallic 
lactate  and  potassic  ethylic  sulphate,  is  a  colourless  liquid  boiling  at  156° 
(3I2°*8  F.) ;  it  is  easily  soluble  in  water,  but  the  solution  soon  becomes  acid 
from  its  decomposition  into  lactic  acid  and  alcohol.  Sodium  dissolves  in  it 
with  evolution  of  hydrogen,  forming  the  compound  CH3.CH(ONa).COOC2H5, 
which,  like  disodic  lactate,  is  immediately  decomposed  by  water.  Ethylic 
lactate  is  readily  acted  upon  by  the  chlorides  of  phosphorus,  but  apparently  two 
reactions  occur  simultaneously,  a  part  being  converted  into  ethylic  chloro- 
propionate  by  the  simple  displacement  of  the  OH  group  by  chlorine,  while 
another  part  forms  a  complex  phosphate,  perhaps  of  the  kind  indicated  by  the 
equation  : 

3HO.CH(CH3).COOC,H5  +  PCl^  =  3HCI  +  P[0.CH(CH3).C00C,HJ3. 

(1801)  Etheeic  Acids  deeived  feom  Lactic  Acid. — ^^  acting  on  ethylic 
sodoxypropionate  with  ethylic  iodide,  it  is  converted  into  diethylic  lactate  or 
ethylic  (i-ethoxy propionate,  CH3.CH(OC2H5).COOC2H5,  which  may  also  be 
obtained  by  the  action  of  sodic  ethylate  on  ethylic  /3-chloropropionate.  Ethylic 
|3-ethoxypropionate  is  a  colourless  liquid,  boiling  at  about  156°  (312°  F.) ;  it  is 
insoluble  in  water.  By  boiling  with  potassic  hydrate  solution  it  is  transformed 
into  potassic  ^-ethoxypropionate  and  alcohol.  The  /S-ethoxypropionic  (ethyl- 
lactic)  acid  obtained  from  this  salt  is  a  somewhat  viscid  liquid  which  boils  at 
about  195° — 198°  (383° — 388°*4  F.),  undergoing  partial  decomposition  ;  it  is 
not  decomposed  by  alkalies,  but  when  heated  with  concentrated  hydriodic  acid  it 
yields  lactic  acid  and  ethylic  iodide. 

Similarly,  ethylic  lactate  is  converted  by  the  action  of  acetic  chloride  into 
ethylic  acetolactate  or  /S-acetoxypropionate,  CHg.CH(O.C2H30).COOH ;  and  by 
heating  this  compound  with  twice  its  volume  of  water  for  two  or  three  hours  at 
^50°  {Z^'^°  ^')i  /3-acetoxypropionic  (acetolactic)  acid  is  produced.  The  former 
i»  a  colourless  mobile  neutral  liquid,  insoluble  in  water,  boiling  at  177° 
(35o°'6  F.).  The  latter  is  a  viscid,  strongly  acid  liquid,  which  partially  decom- 
poses on  distillation,  and  is  easily  soluble  in  water ;  when  heated  with  water,  it  is 
gradually  converted  into  acetic  and  lactic  acids  (comp.  Wislicenus,  Ann.  Chem. 
Pharm.,  cxxv.  49). 

If  lactic  acid  be  dissolved  in  a  mixture  of  concentrated  nitric  and  sulphuric 
acids,  and  the  solution  be  then  poured  into  a  large  quantity  of  cold  water,  a 
colourless  viscid  heavy  oil  is  obtained  consisting  of  ^-nitroxypropionic  acid, 
CH3.CH(0.02N).COOH.  The  ethylic  salt  of  this  acid  is  produced  on  heating 
ethylic  lactate  with  a  mixture  of  nitric  and  sulphuric  acids ;  it  is  a  colourless 
mobile  liquid,  having  a  strong  odour  like  that  of  ethylic  nitrate,  boiling  without 
decomposition  at  178°  (352^-4  F.)   (Henry,  Beut.  chem.  Ges.  Ber.,  iii.  532). 
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(1802)  Dehydeolactic  Acid  and  Lactide. — Lactic  acid,  as  already 
mentioned,  very  readily  loses  a  part  of  its  hydrogen  and  oxygen  as  water,  and 
thus  gives  rise  to  the  formation  of  two  compounds  derived  from  2  mols.  of  the 
acid  by  the  withdrawal  of  the  elements  of  i  and  2  mols.  of  water  respectively. 
The  first  of  these — dehydrolactic  acid,  is  a  body  of  very  complex  functions, 
being  at  the  same  time  monobasic  acid,  monohydric  alcohol  and  ethereal  salt ; 
the  second,  lactide,  is  a  perfectly  neutral  substance,  and  may  be  regarded  as  an 
ethereal  salt  of  peculiar  constitution.  The  relation  of  lactic  acid  to  these  two 
compounds  will  be  evident  on  inspection  of  the  following  formulae  : 

CH^.CH.OH  CH^.CH.OH  COOH  CH^.CH.O.CO 

I  II  II 

COOH  CO.O.  CH.CH3  CO.O.CH.CH3 

Lactic  acid.  Dehydrolactic  acid.*  Lactide. 

Dehydrolactic  acid  is  also  formed  on  heating  a  mixture  of  potassic  lactate  and 
^-bromopionic  acid  at  100° — 120°  (212° — 248°  F.)  (Van  der  Briiggen,  Zeits. 
Chem.  [2],  V.  338) : 

CH3.CH.OH  COOH         CH^.CH.OH  COOH 

I  +1  =         '  I  I  +  KBr. 

COOK  BrCH.CHg  CO  .  0 .  CH.CH3 

The  dehydration  of  lactic  acid  takes  place  even  at  ordinary  temperatures  on 
exposing  an  aqueous  solution  in  a  dry  atmosphere,  and  still  more  rapidly  at 
higher  temperatures,  dehydrolactic  acid  being  produced  in  considerable  quantity 
before  the  whole  of  the  water  is  removed.  The  dehydro-acid  and  lactide  are 
both  reconverted  into  lactic  acid  by  boiling  with  water ;  therefore  it  is  possible 
to  ascertain  the  composition  of  mixtures  of  lactic  and  dehydrolactic  acids,  or  of 
the  latter  and  lactide,  by  neutralizing  the  solution  with  normal  alkali,  then 
boiling  with  an  excess  of  alkali,  and  afterwards  determining  the  amount  of 
alkali  remaining  unneutralized.  In  this  manner  Wislicenus  (^Ann.  Chem. 
PAarw.,  clxiv.  181)  has  analyzed  the  product  obtained  by  gradual  dehydration 
of  an  aqueous  solution  of  lactic  acid  with  the  following  results  : 

Percentage  composition. 

™-         ''acli      iSc'aS.    !-«- 

1.  Original  aqueous  acid ;  a  thin  syrup  .      .      15*64     58*80      25*56        — 

2.  After  4  months'  exposure  in  the  exsicca- 

tor;  a  syrupy  liquid 4*07      22*43      73*5°         — 

3.  Alter  13  months'  exposure;  a  thick  syrup, 

insoluble  in  water —  —        97'85        2*06 

4.  After  16  months' exposure ;  a  viscid  syrup       —  —         71*41      28*69 

5.  After  18  months'  exposure;  a  stiff  mass, 

forming  threads  when  drawn  apart .     .        —  —        60*77      39'5o 

la.  Original  aqueous  acid 26*23      69*59        4*18        — 

2a.  After  heating  for  8  hours  on  the  water- 
bath  in  an  open  dish —        44*93      55*^1         — 

3a.  After  16  hours'  ditto —        30*00     71*49        — 

4a,  After  heating  the  residue  3  for  1 5  hours 
at  140° — 150°  C.  in  a  slow  current  of 
air —  —        52*51      47*61 


*  The  name  dilactic  acid  has  been  given  to  this  compound,  but  this  pro- 
perly belongs  to  the  dibasic  acid  0[CH(CH3).C00H],  analogous  to  diglycolic 
acid  (1794),  which  has  not  yet  been  prepared,  however  (comp.  Van  der 
Briiggen,  <4ww.  Chem.  Pharm.,  cxlviii.  224;  Heintz,  clvii.  296). 
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The  numbers  in  this  table  do  not  in  all  cases  properly  represent  the  compo- 
sition of  the  product,  lactide  doubtless  being  also  present  in  the  residues  obtained 
in  experiments  2a  and  :^a,  for  example ;  but  no  method  is  known  of  quantita- 
tively analyzing  a  mixture  of  lactic  and  dehydrolactic  acids  with  lactide. 

Pure  dehydrolactic  acid  cannot  be  prepared  on  account  of  the  impossibility 
of  obtaining  it  free  from  lactic  acid  and  lactide.  Judging  from  the  behaviour  of 
products  such  as  that  produced  in  experiment  3  of  the  above  Table,  it  is  an 
amorphous  substance  almost  insoluble  in  water,  in  contact  with  which  it  is  only 
very  slowly  converted  into  lactic  acid ;  on  dissolving  it  in  alcohol,  adding  an 
alcoholic  solution  of  i)otassic  hydrate  and  then  precipitating  with  ether,  an 
amorphous  precipitate  consisting  of  the  potassic  salt  CgH^KOg  is  produced;  by 
the  action  of  ammonia,  it  is  converted  into  a  mixture  of  lactamide  and  ammonic 
lactate  (Wislicenus). 

Lactide  is  best  prepared  by  passing  a  current  of  dry  air  through  syrupy 
lactic  acid  in  a  retort  heated  at  150°  (302°  F.)  ;  it  gradually  sublimes  and 
collects  in  the  neck  of  the  retort,  leaving  but  a  very  small  residue.  After  re- 
peated recrystallization  from  absolute  alcohol,  it  is  obtained  in  colourless  rhombic 
plates,  melting  at  I24°'5  i^5^°'^  ^')  (Wislicenus,  ibid.,  clxvii.  319).  It  boils 
at  255°  (491°  F.).  It  is  insoluble  in  water,  which  very  slowly  converts  it 
into  dehydrolactic  and  lactic  acids ;  alkalies  act  much  more  rapidly.  It  absorbs 
ammonia  gas,  forming  lactamide  CH3.CH(OH).CO.NH2.  Its  vapour  density 
at  185°  (365°  F.)  in  Hofraann's  apparatus  corresponds  with  the  formula 
CgHgO^  (Henry,  Z)eM^.  chem.  Ges.  Ber.,  vii.  753). 

(1803)  Sarcolactic  Acid  ;  Paralactic  acid. — This  acid  is 
contained  in  the  liquid  expressed  from  the  flesh  of  the  mammalia, 
being  most  abundant  after  rigor  mortis  has  set  in,  and  is  also 
present  in  fish-flesh,  and  in  oxen  and  pig^s  bile.  Hilger  has 
stated  that  it  is  produced  on  fermenting  inosite,  but  Vohl  denies 
this  {ibid.,  ix.  984).  The  product  from  flesh,  according  to  Wis- 
licenus {Ann.  Chem.  Pharm.,  clxvii.  302,  ^SS)}  ^^^^  ^^*  entirely 
consist  of  sarcolactic  acid,  but  also  contains  a  relatively  small 
amount  of  an  acid  identical  with  the  so-called  ethylenelactic  acid 
he  obtained  from  ethylenic  cyanhydrin  (comp.  1 798) ;  both 
Erlenmeyer  and  Klimenko,  however,  have  failed  in  separating  a 
second  acid  having  the  properties  described  by  Wislicenus  {ibid., 
cxci.  266). 

Sarcolactic  acid  is  not  distinguishable  from  ordinary  (fermen- 
tation) lactic  acid,  except  by  its  optical  activity ;  but  the  zincic 
salts  of  the  two  acids  differ  greatly,  for  on  slowly  evaporating  an 
aqueous  solution  the  sarcolactate  crystallizes  out  with  only  two 
molecules  of  water  in  well-formed,  short,  thick,  glistening  prisms, 
which  are  seldom  united  together ;  it  is  more  soluble  than  the  ordi- 
nary lactate,  as  it  dissolves  in  i8'5  pts.  of  water  at  14° — 15 
(57°-2 — 59°  F.),  and  readily  forms  supersaturated  solutions. 

Sarcolactic  acid,  like  ordinary  lactic  acid,  is  converted  into 
ethaldehyde  and  formic  acid  when  heated  with  dilute  sulphuric 
acid  at  130°  (266°  F.) ;   and  on  oxidation  with  chromic  acid,  it 
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yields  a  small  quantity  of  ethaldehyde,  together  with  acetic, 
formic  and  carbonic  acids,  but  neither  oxalic  nor  malonic  acid"^ 
(Wislicenus). 

By  heating  syrupy  sarcolactic  acid  at  130°— 140°  (266*^ — 
284  F.),  it  is  slowly  converted  into  dehydro/flc^ic  acid,  which  yields 
the  ordinary  fermentation  lactic  acid  when  boiled  with  water 
(Strecker ;  Wislicenus) ;  and  by  passing  a  current  of  dry  air 
through  the  acid  in  a  retort  heated  at  150°  (302°  F.),  lactide  is 
produced  identical  with  that  obtained  from  the  inactive  acid 
(Wislicenus).  If  a  solution  of  sarcolactic  acid  be  concentrated 
over  sulphuric  acid  in  vacuo,  it  also  undergoes  dehydration,  but 
the  resulting  compounds  exert  a  powerfully  loevorotatory  action  on 
polarized  light  (Wislicenus). 

Optical  Activity  of  Sarcolactic  Acid  and  its  Derivatives. — Wislicenus  has 
shown  that  sarcolactic  acid  is  a  feebly  dextrorotatory  substance,  but  it  is  impossible 
to  ascertain  its  exact  rotatory  power  as  it  cannot  be  obtained  in  a  pure  state.  The 
apparent  specific  rotatory  power  of  the  acid  in  an  aqueous  solution  is  immediately 
diminished  by  the  addition  of  water,  the  diminution  being  the  greater  the  more 
concentrated  the  solution ;  it  afterwards  gradually  increases,  but  without 
attaining  its  original  value. 

The  extent  to  which  this  takes  place  will  be  seen  on  inspection  of  the  fol- 
lowing Table : 

Amount  of  acid  in  ,  \ 

1  c.c.  of  solution.  ^  'd. 

Original  solution,  Oct.  24 *3994  •••  2°'63 

After  dilution,  Oct.  29 '3403  •••  2°*oi 

Same  solution,  Nov.  7 "3407  •••  ^°'35 

„  „        Nov.  20 *340^  ...  2°'26 

„  „        Nov.  30 '3406  ...  2°*26 

After  further  dilution,  Dec.  4 '2124  ...  i°'4i 

Same  solution,  Jan.  4 "2125  ...  2°'o'j 

„         ,,         Feb.  12 '2125  ...  2°'2i 

»  „         March  12 '2125  ...  2°'66 

Again  diluted,  March  13 'i575  •••  i°'99 

Same  solution,  April  26 'i575  •••  2°*29 

To  explain  this  behaviour,  Wislicenus  supposes  that  an  aqueous  solution 
of  the  acid  contains  not  only  the  acid  itself  but  also  the  corresponding  "  acid- 
hydrol,"  C3H^03  +  OH,  =  C,H,(0H).C(0H)3,  and  dehydro-acid,  C^H^^O,.  On 
adding  water,  a  further  quantity  of  the  acidhydrol  is  immediately  formed,  and 
this  having  a  lower  specific  rotatory  power  than  the  acid,  the  rotatory  power  is 
diminished ;  but  the  dehydro-acid,  which  is  loevorotatory,  is  also  acted  upon  by  the 
water,  although  much  more  slowly,  and  converted  into  the  dextrorotatory  acid, 
and  therefore  the  dextrorotatory  power  gradually  increases  again. 

Dehydrosarcolactio   acid   and   sarcolactide    are  apparently  both  powerfully 


*  According  to  Dossios  {ibid.,  cxlvi.  168),  crude  sarcolactic  acid  yields 
malonic  acid  on  oxidation,  although  in  relatively  very  small  quantity  (Wislicenus, 
ibid.,  clxvii.  335);  but  Erlenmeyer  has  attempted  without  success  to  confirm 
this  statement. 
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loevorotatory,  a  mixture  consisting  of  84*19  per  cent,  of  the  former  with  16-04 
per  cent,  of  the  latter  in  an  alcoholic  solution  containing  '1954  gram  per  c.c. 
having  the  apparent  sp.  rot.  power  (a)j,  =  —  S^°'g^. 

The  sarcolactates  also  are  loevorotatory.  Zincic  sarcolactate,  however  has  a 
lower  apparent  sp.  rot.  power  in  supersaturated  than  in  normal  solution ;  thus 
the  value  of  (a)D  for  the  salt  ZnCgH^^Og -t-  aOH^  in  the  case  of  a  solution  con- 
taining I  pt.  of  the  salt  to  86  pts.  of  water  is  —  6°'^6,  but  —  y°-6  in  the  case  of 
a  solution  containing  i  pt.  of  the  salt  to  18-5  pts.  of  water.  The  app.  sp.  rot. 
power  of  calcic  sarcolactate  calculated  for  the  anhydrous  salt  in  a  solution  con- 
taining '053 5  gram  per  c.c.  is  —  5° '25. 

(1804)  Teichloeolactic  Acid:  C3CI3H3O3  =  CCl3.CH(0H).C00H.— 
The  formation  of  this  compound  from  trichlorethaldehydrol  has  already  been 

described  (p.  744)-     It  crystallizes  in  prisms,  melting  at  105°— 110°  (221° 

230°  F.).  It  does  not  furnish  characteristic  metallic  salts,  but  the  ethylic  salt 
crystallizes  well  from  dilute  alcohol  in  white  needles,  melting  at  67°  (t52°-6  F.), 
and  it  boils  at  233^—237°  (45i°'4— 458"-6  F.).  Alkalies  readily  decompose  it 
into  formate  and  trichlorethaldehydrol  :  CCl3.CH(0H).C00H  +  OH  = 
CCl3.CH(OH)2  +  H,COOH;  the  ethylic  salt  yields  ethylic  monochloracrylate 
when  submitted  to  the  action  of  nascent  hydrogen,  ethylic  monochlorolactate 
probably  being  first  produced  :  CCl3.CH(OH).COOC2H.  4-  2H  =  2HCI  + 
CH^C1.CH(0H).C00C,H,  =  CHC1ZZCH.C00C,H^  +  0H^.  By  heating  with 
acetic  anhydride,  trichlorolactic  acid  is  converted  into  the  acetyl  derivative 
CCl3.CH(O.C2H30).COOH,  which  separates  from  its  solution  in  benzene  in  magni- 
ficent crystals,  melting  at  65°  (149°  F.)  (Pinner  and  Fuchs,  Deut.  ohem.  Ges. 
Ber.,  X.   1 061). 

By  digesting  bromal  (p.  747)  with  hydrocyanic  and  hydrochloric  acids,  it  is 
converted  into  tribromolactic  acid,  CBr3.CH(0H).C00H,a  crystalline  compound 
melting  at  about  142°  (287°'6  F.)  (Pinner;  Wallach,  Ann.  Chem.  Pharm., 
cxciii.  50). 

(i8o5)»  Chloralide  and  Analogous  Compounds. — The  rela- 
tion of  chloralide  to  trichlorolactic  acid_,  the  methods  of  preparing 
it  and  its  properties  have  previously  beep  described  (p.  744). 
The  explanation  which  Wallach  has  given  of  its  formation  from 
chloral  by  the  action  of  sulphuric  acid  involves  the  assumption 
that  trichlorolactide  is  first  produced ;  but  it  appears  possible 
that^  as  Stadler  has  suggested  {ibid.,  cvi.  253),  it  is  derived  from 
so-called  metachloral,  which  perhaps  is  the  polymeride  of  chloral 
corresponding  to  paraldehyde  (1646).  It  is  also  probable 
that  the  carbonic  oxide  which  is  evolved  is  a  direct  product  of 
the  action,  and  that  it  is  does  not  result  from  the  decomposition  of 
trichloromethane  in  the  manner  suggested  by  Wallach,  as  sul- 
phuric acid  does  not  act  so  readily  on  trichloromethane  that  the 
presence  of  the  latter  could  be  altogether  overlooked  if  it  were 
formed.  A  simple  explanation  of  its  production  is  afforded  by 
the  assumption  that  the  group  CCI3.CH  is  converted  by  the 
action  of  the  sulphuric  acid  into  the  group  COCl.CH,  either  by 
the  direct  displacement  of  two  atoms  of  chlorine  by  one  of 
oxygen,    or    by    the   formation   first   of   an   hydroxy-compound 
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CCl2(0H).CH,  which  subsequently  loses  HCl,  and  that  carbonic 
oxide  and  hydrochloric  acid  are  then  split  off. 

Wallach  has  shown  that  a  large  number  of  bodies  analogous 
in  composition  to  chloralide,  and  having  similar  properties,  may 
be  produced  by  the  action  of  aldehydes  such  as  trichlor- 
ethaldehyde,  tribromethaldehyde  and  trichlorotetraldehyde  (1632) 
on  various  hydroxy-acids,  but  that  aldehydes  such  as  ethaldehyde 
and  benzaldehyde  do  not  enter  into  reaction  with  hydroxy- acids 
under  the  conditions  which  furnish  '•'  chloralides  f  it  would 
therefore  appear  that  only  those  aldehydes  in  which  the  radicle 
associated  with  the  COH  group  is  powerfully  negative  are 
available  for  the  preparation  of  these  compounds  {Ann.  Chem, 
Pharm.j  cxciii.  i).      The  following  may  here  be  mentioned: 

Glycolic  chloralide,  CHgjp^^^CHClg,  prepared  by  heating  a 

mixture  of  glycolic  acid  and  chloral  at  120° — 130°  (248° — 256° 
F.),  form  small  transparent  crystals  melting  at  42°  {joy°'6  F.). 

Lactic  chloralide,  CH3.CHJ  p^P^lCH.CClg,  obtained  by  heat- 
ing syrupy  lactic  acid  with  an  excess  of  chloral  at  150° — 160° 
(302° — 320°  F.),  closely  resembles  ^'  chloralide^^  in  appearance ;  it 
melts  at  45°  (113°  F.),  and  boils  unchanged  at  about  224° 
(435°*  2  F.) ;  chlorine  has  but  little  action  upon  it. 

p^^iCH.CBrg,  produced  by  heating  a 

mixture  of  tribromolactic  acid  and  bromal  at  110° — 120°  (230° — 
248°  F.)^  melts  at  158°  (3i6°'4  F.)  j  it  is  rapidly  decomposed  by 
alcohol. 

By  heating  a  mixture  of  lactic  acid  and  bromal,  a  bromalide 

of  the  formula  CH3.CHJ  p^^rCH.CBrg  is  obtained,  which  is  also 

formed  by  the  action  of  bromine  on  lactic  acid  in  presence  of 
alcohol  (Klimenko,  Jour,  pr,  Chem.  [2],  xiii.  98) ;  it  melts  at 
94^—97°  (2oi°-2— 2o6°-6  F.). 

Isomeric  compounds  represented  by  the  formulae 

CCl^.CHJ^QQJcH.CBr,  and  CBr3.CHJ2QQJcH.Cl3 

are  respectively  produced  on  heating  mixtures  of  trichlorolactic 
acid  and  bromal  and  of  tribromolactic  acid  and  chloral ;  the 
former  melts  at  about  150°  (302°  F.),  and  the  latter  at  132° — 135° 
(269°-6-275°  F.). 

(1806)  Hydroxybutyric  Acids:  C^H303=C3Hg(OH).COOH.— 
Of  the  five  possible  hydroxybutyric  acids,  the  three  which  can  be 


Bromalide,  CBr„.CH 
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formed  from  normal  butyric  acid  and  one  derived  from  isobutyric 
acid  are  known. 

a-Hydroxyhutyric  acid,  CH2(OH).CH2.CH2.COOH,  has  been  prepared 
by  the  action  of  baric  hydrate  on  succinic  aldehyde  (1668),  but  not  yet  suffi- 
ciently examined.  On  oxidation  it  yields  succinic  acid ;  hydriodic  acid  appears 
to  act  upon  it  with  difficulty. 

fi-Hydroxyhutyric  acid,  CH3.CH(OH).CH2.COOH,  may  be  obtained  by 
oxidation  of  tetraldol  (1631);  by  heating  the  compound  CH3.CH(0H).CH2C1 
with  potassic  cyanide  and  decomposing  the  resulting  cyanide  by  boiling  with 
alkali  (Markownikoff,  Ann.  Chem.  Pharm.,  cliii.  235) ;  and  by  the  action  of 
nascent  hydrogen  on  ethylic  acetoacetate,  CHg.CO.CH^.COOC^Hg  (Wislicenus, 
ihid.,G:d\s..  205).  It  is  best  prepared  by  the  last- mentioned  method,  by  adding 
sodium-amalgam  to  an  aqueous  solution  of  the  acetoacetate. 

The  free  acid  is  a  viscid  syrup,  which  on  distillation  decomposes  into  water 
and  crotonic  or  a-methacrylic  acid,  CH3.CHzzCH.COOH.  Its  sodic  salt  crys- 
tallizes from  nearly  anhydrous  alcohol  in  flat  prisms,  which  are  extremely  deli- 
quescent ;  the  silver  salt  forms  slender  needles ;  the  zincic,  calcic  and  plumbic 
salts  are  amorphous  and  extremely  soluble. 

y-Hydroxyhutyric  acid :  CH3.CH2.CH(OH).COOH.— This  acid,  which  is 
usually  termed  the  a-acid,  is  obtained  by  digesting  the  bromobutyric  acid  pro- 
duced on  heating  butyric  acid  with  bromine  (1770),  with  water  and  a  metallic 
hydrate.  It  crystallizes  from  a  concentrated  aqueous  solution  in  fine  needles, 
melting  nt  44°  (iii°-2  F.)  ;  it  begins  to  boil  at  225°  (437°  F.),  but  the  ther- 
mometer gradually  rises  to  260°  (500°  F,),  at  which  temperature  the  retort 
ontains  a  viscid  liquid  insoluble  in  water ;  the  distillate  is  also  only  partially 
soluble  in  water,  and  does  not  deposit  crystals  even  when  cooled  to  o'^  (;^2°  F.), 
but  salts  of  the  acid  may  be  prepared  from  it :  probably  therefore  a  dehydro- 
acid  is  formed.  Characteristic  of  this  acid  is  the  zincic  salt,  which  is  difficultly 
soluble  even  in  hot  water,  and  separates  from  it  in  nodular  aggregates  con- 
sisting of  fine  four-sided  prisms  of  the  composition  (CJIjO^)JLn  +  2OH2 
(Markownikoff",  loc.  cit). 

Dimetkhydroxyacetic  acid  ;  hydroxy  isobutyric,  dimethoxalic,  hutylolactic 
or  acetonic  acid :  (CH3)2.C(0H).C00H. — This  acid  is  best  prepared  by 
digesting  an  aqueous  solution  of  dimethbromacetic  or  bromisobutyric  acid  with 
a  slight  excess  of  baric  hydrate,  &c. ;  it  is  also  formed  by  oxidation  of  dimeth- 
acetic  acid  by  potassic  permanganate  (R.  Meyer,  Deut.  chem.  Ges.  Ber.,  xi.  1787)  j 
by  oxidation  of  the  amyleneglycol  (CH3X.C(OH).CH(CH3).OH  (Wurtz)  ;  by 
digesting  acetone  with  hydrocyanic  and  hydrochloric  acids  (Stadler);  and  by  Frank- 
land  and  Duppa's  method  by  the  action  of  zincic  methide  on  ethylic  oxalate 
(1783,  7)  (comp.  Markownikoff",  loc.  cit ).  It  crystallizes  in  prisms  resembling 
oxalic  acid,  which  melt  at  75°7  (i68"'3  F.) ;  it  volatilizes  slowly  at  the  ordinary 
temperature,  and  readily  sublimes  at  50°  (122°  F.),  being  deposited  on  a  cool 
surface  in  magnificent  prisms ;  it  boils  at  about  212°  (4I3°"6  F.),  and  distils 
unchanged  (Frankland  and  Duppa).  According  to  Markownikoff  {ibid.,  cxlvi. 
341),  only  the  pure  dry  acid  sublimes,  and  the  sublimed  acid  melts  at  79° 
(i74°'2  F.).  On  oxidation,  dimethhydroxyacetic  acid  yields  dimethylketone  and 
carbonic  acid:  (CH3)2C(OH).COOH  +  (0  4-  OH,)  -  HO.COOH  +  (CH3),C(OH)2  = 
(0113)200  +  OHg.  The  dimethhydroxyacetates  mostly  crystallize  well,  the 
zincic  salt  being  the  most  characteristic :  it  is  difficultly  soluble  both  in  cold 
and  hot  water,  and  crystallizes  in  microscopic  six-sided  plates  of  the  composition 
(C^Hy03)^Zn  4-  2OH2.  The  baric  salt  crystallizes  in  brilliant  needles ;  the 
argentic  salt  in  stellate  groups  of  nacreous  scales. 

By  heating   bromisobutyric    acid    with   an    alcoholic   solution    of  potassic 
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hydroxide,  it  is  converted  into  the  etheric  acid,  dimetJietlioxyacetic  acid, 
C(CH3)2(OC2Hg).COOH,  corresponding  to  dimethhydroxyacetic  acid ;  this  acid 
furnishes  easily  soluble  salts,  which  crystallize  well  (Hell  and  Waldbauer,  Deut. 
ckem.  Ges.  Ber.,  x.  448). 

(1807)  Hydroxy-pentylic  or  valeric  Acids, — Only  three  of 
tlie  considerable  number  of  possible  monhydroxy-derivatives  of  the 
four  isomeric  valeric  acids  are  at  present  known ;  one  of  these  is 
formed  from  isoprimary  valeric  or  isopropacetic  acid,  the  other 
two  are  derived  from  secondary  valeric  or  methethacetic  acid. 

Isoprophi/droxy acetic  acid,  (CH3)2CH.CH(OH).COOH,  has  been  prepared 
from  the  corresponding  isopropylbromacetic  (bromisovaleric)  acid  (Fittig  and 
Clark;  Schmidt  and  Sachtleben,  Ann.  Ckem.  Pharm.,  cxciii.  106),  and  also  by 
Frankland  and  Duppa's  method  from  ethylic  oxalate,  isopropylic  iodide  and  zinc 
(Markownikoff,  Zeits.  Ckem,  [2],  vi.  516).  It  crystallizes  in  plates  melting 
•at  82°  (i79°"6  F.),  easily  soluble  in  water  and  alcohol  ;  its  salts  do  not  crystal- 
lize well ;  on  oxidation,  it  yields  isobutyric  and  carbonic  acids  (Ley  and  Popoff) ; 
on  distillation  it  partially  passes  over  unchanged,  and  is  partially  converted  into 
the  corresponding  lactide,  (?)  C^gHg^Og  :  the  latter  crystallizes  from  alcohol  in 
fine  white  needles,  melting  at  136°  (276°'8  F.) ;  it  is  scarcely  altered  by  dilut<j 
alkaline  solutions. 

An  acid  isomeric  with  the  foregoing  is  formed  on  oxidizing  valeric  acid 
(from  fermentation  amylic  alcohol)  with  potassic  permanganate;  it  is  converted 
into  the  corresponding  acid  of  the  acrylic  series  by  merely  boiling  it  with  dilute 
sulphuric  acid  (comp.  Miller,  Deut.  ckem.  Ges,  Ber.,  xi.  1527).  Supposing 
it  to  be  derived  from  isoprimary  valeric  acid,  this  acid  probably  has  the  formula 
(CH3)^C(OH).OH2.CO()H  (comp.  ibid.,xl  2216). 

Methetkhydroxyacetic  or  metketkoxalic  acid:  Kj^^.C{(SK.^(0^).COO^,  is 
formed  as  ethylic  salt  on  heating  a  mixture  of  ethylic  oxalate,  methylic  and 
ethylic  iodide  and  zinc;  it  melts  at  63°  (i45°'4  F.),  and  sublimes  readily 
at  100°  (212°  F.),  condensing  in  magnificent  stellate  groups  upon  a  cold 
surface;  it  boils,  with  decomposition,  at  190°  (374°  F.).  The  baric  and 
argentic  salts  crystallize  well  (Frankland  and  Duppa). 

y-Methyl-^-kydroxyhutyric  acid :  CH3.CH(OH).CH(CH3).COOH.— This 
acid  is  formed  as  sodic  salt  on  treating  a  solution  of  ethylic  acetomethacetate  in 
aqueous  alcohol  with  sodium  amalgam:  CH3.CO.CH(CH3).COOC2Hg  +  2H  + 
NaOH  =  CH3.CH(OH).CH(CH3).COONa  +  C2HgOH.-  It  does  not  crystallize, 
and  cannot  be  obtained  in  a  pure  anhydrous  state,  as  it  is  gradually  con- 
verted into  a  dehydro-acid  on  exposure  over  sulphuric  acid  ;  on  distillation  it  is 
resolved  into  water  and  a/S-dimethacrylic  acid  CH3.CHzzC(CH3).COOH.  The 
argentic  salt  crystallizes  in  glistening  plates,  very  difficultly  soluble  even  in 
boiling  water  (Rohrbeck,  Ann.  Ckem.  Pkarm.,  clxxxviii.  29). 

Trichlorkydroxyvaleric  acid,  (?)  CH3.CCl2.CHCl.CH(OH).COOH,  is 
obtained  from  trichlorobutyric  aldehyde  (1632),  by  combining  it  with  hydrocyanic 
acid  and  digesting  the  resulting  cyanide  with  hydrochloric  acid.  It  is  a  crystal- 
line body,  melting  at  140°  (284°  F.),  easily  soluble  in  alcohol  and  in  water.  It 
furnishes  a  number  of  characteristic  derivatives  (comp.  Pinner,  Deut.  chem. 
Ges.  Ber.,  xi.  1488). 

(1808)  Hydroxycaproic  Acids:  CgHi203=C5Hi„(OH).COOH. 
— Only  three  of  these  acids  are  known,  two  being  derived  from 
diethacetic  acid. 

Leucic  acid:  (?)  C^Hj.CH(OH).COOH.— By  the  action  of  nitrous  acid, 
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leucine  (from  horn;  1779)  is  converted  into  the  corresponding  hydroxycaproic 
acid  ;  the  acid  thus  obtained  crystallizes  in  hard  brittle  prisms,  melting  at  73^* 
(i63°'4  F.).  Its  baric  and  zincic  salts  both  crystallize  in  glistening  nacreous 
scales,  very  much  like  leucine  itself,  difficulty  soluble  in  water ;  the  former  is 
anhydrous,  the  latter  has  the  composition  Zn(CgH^^0g)2  +  OH^.  The  cupric 
salt  is  very  difficultly  soluble  even  in  hot  water,  but  readily  crystallizes  from  hoi 
alcohol  in  voluminous,  pale-blue  glistening  scales  (Waage,  Ann.  Chem.  JPharm.^ 
cxviii.  295). 

Diethhydroxy acetic  or  diethoxalic  acid :  (C2Hg)2C(OH).COOH. — The 
ethylic  salt  of  this  acid  is  formed  on  digesting  a  mixture  of  ethylic  oxalate  and 
iodide  with  zinc.  The  acid  itself  crystallizes  from  a  pure  aqueous  solution  in 
minute  prismatic  needles,  but  if  the  solution  contain  a  small  quantity  of  sul- 
phuric acid  magnificent  large  prisms  are  obtained;  it  melts  at  74°'5  (i66''*i 
F.),  and  decomposes  on  distillation.  Its  baric  salt  is  very  soluble  even  in  cold 
water  ;  its  cupric  salt  does  not  crystallize  ;  its  zincic  salt  crystallizes  in  nacreous 
scales  soluble  in  about  300  pts.  of  water  at  16°  (6o°-8  F.)  (Frankland  and 
Duppa  ;  Geuther  and  Wackenroder,  Zeits.  Chem.  [2],  iii.  705). 

y-Ethyl-^-hydroxybutric  acid,  CH„.CH{0H).CH(C2Hg).C00H,  obtained  by 
reducinjT  ethylic  acetoeth acetate,  CH3.CO.CH(C2H5).COOC2Hg,  &c.,  is  a  colourless 
syrup  which  becomes  viscid  on  exposure  over  sulphuric  acid  in  consequence  of 
the  formation  of  the  corresponding  dehydro-acid  ;  on  distillation,  it  is  resolved 
into  water  and  a-methyl-ZS-ethylacrylic"^  acid,  CHg.CHzzCCC^H  j.COOH.  Its 
argentic  salt  is  almost  insoluble  in  cold  water,  but  crystallizes  from  hot  water  in 
aggregates  of  colourless  glistening  plates ;  on  boiling  an  aqueous  solution  of  the 
cupric  salt,  a  blue  insoluble  basic  salt  is  precipitated  (Waldschmidt,  Ann.  Chem. 
Pharm.,  clxxxviii.  240). 

(1809)    HYDROXYHEPTYLIC    AciDs  :    C^Hj^Og. — Only  two    of 
these  are  known. 

Isoamylhydroxyacetic  acid:  C5Hjj.CH(0H).C00H.— By  digesting  a  mix- 
■  ture  of  ethylic  oxalate  and  amylic  iodide  (from  fermentation  amylic  alcohol)  with 
zinc,  Frankland  and  Duppa  obtained  a  mixture  of  three  ethylic  salts  boiling 
respectively  at  about  203°  (397°'4  F.),  225°  (437°  F.)  and  262°  (503°-6  F.)  : 
the  first  of  these  was  proved  to  be  the  ethylic  salt  of  isoamylhydroxyacetic  or 
amylhydroxalic  acid  ;  the  second  they  regard  as  the  ethylic  salt  ot  the  corre- 
sponding etheric  acid,  isoamylethoxyacetic  acid,  CgHjj.CH(OC,Hg).COOH  ;  the 
third  is  ethylic  diisoamylhydroxyacetate.  It  is  somewhat  difficult  to  account 
for  the  formation  of  the  first  of  these  compounds,  unlei^s  it  be  supposed  that 
ethylic  diisoamylhydroxyacetate  is  first  produced  and  then  partly  resolved  into 
isoamylhydroxyacetate  and  amylene  : 

(C,H,,),.C(OH).COOC,H,   =   C,H^,    +    C,H,,.CH(OH).COOC,H,, 

or  that  a  splitting  off  of  amylene  takes  place  at  the  moment  of  the  action  of  the 
zinc  compound.  The  formation  of  the  ethoxy  salt  shows  that,  supposing  the 
action  to  take  placQ  in  the  manner  suggested  on  p.  875,  the  OCnH^n  +  ^  group  of 
the  oxalate  may  remain  intact  and  only  the  CO  group  be  affected.  Markowni- 
koff  has  observed  the  formation  of  the  three  corresponding  isopropyl  derivatives 
when  a  mixture  of  ethylic  oxalate  and  isopropylic  iodide  is  digested  with  zinc. 

According  to  Frankland  and  Duppa,  the  action  of  zincic  amylide  on  ethereal 
salts  of  oxalic  acid  is  susceptible  of  yet  a  fourth  modification,  for  if  amylic 
oxalate  be  employed  instead  of  ethylic  oxalate,  in  addition  to  the  amylic  salts 
corresponding  to  the  three  ethylic  salts  above  mentioned,  amylic  caproate, 
CjH^^.COOCjHj^,  is  also  produced  ;  in  explanation  of  the  formation  of  this  com- 
pound, they  suggest  that  the  molecule  of  amylic  oxalate  divides  into  its  two 

3  3  m 
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constituent  groups  of  COOCgH^j,  which  then  unite  with  amyl  to  form  amylic 
caproate  : 

But  it  may  also  be  suggested  as  being  more  probable  that  a  portion  of  the 
amylic  oxalate  is  converted  into  amylic  carbonate  :  (CO.OCgH^ J^  =  C0(0CgHjj)2 
+  CO,  and  that  the  caproate  results  from  the  action  of  the  zinc  compound  on 
this  salt ;  thus  : 

Isoamylhydroxy acetic  acid  crystallizes  from  water,  in  which  it  is  sparingly 
soluble,  in  nacreous  scales  fusing  at  6o°*5  (i40°'9  F.).  The  baric  salt  crystal- 
lizes in  large  nacreous  scales  like  paraffin,  tolerably  soluble  in  water  ;  the  cuprio 
salt  is  very  sparingly  soluble  and  crystallizes  in  minute  light-blue  scales.  The 
acid  having  these  properties  was  obtained  by  Frankland  and  Duppa  from  a  zinc 
salt  remaining  after  treating  the  product  of  the  action  of  zinc  on  a  mixture  of 
ethylic  oxalate  and  amylic  iodide  with  water  and  distilling  off  the  ethylic  salts 
above  mentioned;  the  acid  prepared  from  the  ethylic  salt  boiling  at  203° 0.  did 
not  crystallize,  and  its  baric  salt  was  only  obtained  as  a  crystalline  mass. 

y''-Metheth-^-hydroxyhutyric   acid,  CH3.CH(0H).C  i  ^^  \  .COOH,  has 

been  obtained  by  reduction  of  ethylic  acetomethethacetate,  but  not  yet  examined  : 
its  argentic  salt  is  moderately  soluble  in  hot  water,  from  which  it  crystallizes  in 
glistening  plates;  on  adding  cupric  sulphate  to  a  solution  of  its  sodic  salt  and 
then  boiling,  a  crystalline  basic  cupric  salt  is  deposited. 

(i8jo)  Hydroxyoctylic  Acids:  CgH^g03  =  C7Hi^(OH).COOH. 
— Only  two  monliydroxy-derivatives  of  the  very  large  number  of 
possible  octylic  acids  bave  been  prepared. 

Normal-hexylhydroxyacetic  acid,  CgH^3'=^.CH(0H).C00H,  is  obtained  by 
digesting  the  cyanoctylio  alcohol  produced  by  combining  normal  heptalde- 
hyde  with  hydrocyanic  acid  with  hydrochloric  acid.  It  crystallizes  in  large 
nacreous  scales,  melting  at  6g°'^  (i57°*i  F.),  very  difficultly  soluble  in  water; 
when  heated  with  hydrochloric  acid  at  120°  (248°  F.),  it  yields  formic  acid 
and  heptaldehyde  (Erlenmeyer  and  Sigel,  Ann.  Chew.  Pharm.,  clxxvii.  102). 

Diisopropylhydroxyacetic  acid,  (C3Hy)/.CH(0H).C00H,  prepared  by 
Frankland  and  Duppa's  method,  crystallizes  in  colourless  slender  needles,  melting 
at  111°  (23i°'8  F.),  difficultly  soluble  in  cold  water.  It  yields  isopropyl  ketone 
on  oxidation  (Markownikoff). 

(1811)  Hydroxydodecyltc  Acids:  C^^^fl^. — Two  of 
these  acids,  the  highest  terms  of  the  series  at  present  known, 
have  been  obtained. 

Diisoamylhydrojry acetic  acid,  (C.Hjj)2.CH(0H).C00H  (com p.  18 10), 
crystallizes  in  colourless  satiny  fibres,  insoluble  in  water;  it  melts  at  122° 
(25i°'6  F.),  and  when  more  strongly  heated  sublimes  in  white  snow-like  flakes 
(Frankland  and  Duppa). 

y'-Dieth-^-hydroxyhufyric  acid,  CH,.CH(0H).C(C2H.)„.C00H,  prepared 
by  reducing  ethylic  acetodiethacetate,  does  not  crystallize,  but  gradually  under- 
goes conversion  into  the  corresponding  dehydro-acid  on  exposure  over  sulph\:ric 
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acid  ;  on  distillation  it  is  resolved  into  ethaldehyde  and  diethacetic  acid  (Schnapp, 
Deut.  chem.  Ges.  Ber.,  ix.  12 16). 

Di-,  Tri-  and  Penthydroxy-acids  derived  from  the  Acids 
OF  THE  Acetic   Series. 

(1812)  Only  the  following  are  known  : 

Dihydroxyacetic  or  glyoxylic  acid CH(OH)  .COOH 

a  iS-Dihydroxypropionic  or  glyceric  acid  ....     CH^(OH).CH(OH).COOH 
Dihydroxy butyric  acid C3Hg(OH)2.COOH 

a-^-y-Trihydroxybutyric  acid C3H^(0H)j,.C00H 

Penthydroxycaproic  acids : 

Mannitic  acid \ 

Gluconic      „ '  C,H,(OH),.COOH 

Dextronic    „ j 

(1813)  Dihydroxyacetic  or  Glyoxylic  Acid:  Q>^B.f>^= 
CH(0H)2.C00H. — This  acid  was  first  discovered  by  Debus 
among  the  products  of  the  oxidation  of  ethylic  alcohol  by  dilute 
nitric  acid,  and  svas  subsequently  obtained  by  him  in  a  similar 
manner  from  glycol  and  oxaldehyde  or  glyoxal ;  according  to 
Heintz,  it  is  a  product  of  the  oxidation  of  gly colic  acid  and 
of  glycerol  (p.  544).  It  is  also  formed  on  boiling  the  argentic 
salt  of  dibromacetic  acid  with  water  (Perkin  and  Duppa) ;  and, 
according  to  Church,  it  may  be  obtained  by  the  action  of 
nascent  hydrogen  on  oxalic  acid. 

Debus,  who  has  denied  the  possibility  of  the  existence  of  compounds  contain- 
ing more  than  a  single  hydroxyl-group  associated  with  the  same  carbon  atom, 
maintains  that  the  acid  thus  produced  is  not  dihydroxyacetic  acid  but  the  alde- 
hyde-acid of  the  formula  COH.COOH,  and  considers  that  this  conclusion  is  sup- 
ported by  the  facts  (i)  that  it  is  formed  from  the  aldehyde  C^H^O^.and  that  the 
acids  contain  the  same  number  of  hydrogen  atoms  as  the  aldehyde  from  which 
they  are  derived ;  (2)  that  it  exhibits  certain  of  the  properties  of  aldehydes, 
combining,  for  example,  with  acid  sulphites ;  and  (3)  that  it  furnishes  an 
ammonic  salt  of  the  formula  C2H0g(NH^).  It  has  already  been  pointed  out, 
however  (i49i),that  the  behaviour  of  aldehydes  such  as  meth-  and  ethaldehyde 
necessitates  the  conclusion  that  compounds  containing  more  than  a  single  OH 
group  associated  with  the  same  carbon  atom  can  and  do  exist,  and  that  in  the  forma- 
tion of  acetic  acid  from  ethaldehyde,  for  example,  the  latter  is  probably  first 
converted  into  ethaldehydrol,  which  is  then  oxidized  and  converted  into  the 
ortho-acid  or  acid-hydrol  corresponding  to  acetic  acid.  Similarly,  it  may  be 
supposed  that  an  aqueous  solution  of  oxaldehyde  contains  oxaldehydrol, 
CH(OH)^.CH(OH)^,  and  that  this  on  oxidation  yields  the  compound 
CH(OH)2.C(OH)3,  which  is  subsequently  resolved  into  dihydroxyacetic  acid 
and  water.  The  formation  of  the  compounds  with  acid  sulphites  may  be  equally 
well  explained  by  aid  of  either  formula.  The  nature  of  the  ammonic  salt  in 
question  will  be  considered  later  on. 

To  prepare  dihydroxyacetic  acid   from   ale  )hol,  220  grams  of  80  per  cent. 

3  M  2 
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spirit  is  placed  in  a  tall  narrow  flask  of  about  i'5  litre  capacity,  and  by  means  of 
a  funnel-tube  drawn  out  to  a  fine  point  i  oo  grams  of  water  is  carefully  intro- 
duced below  the  alcohol,  and  afterwards  200  grams  of  red  fuming  nitric  acid  is 
poured  in  so  as  to  form  a  layer  below  the  water ;  the  flask  is  closed  with  a  cork 
provided  with  a  bent  tube  dipping  under  water,  and  is  then  left  at  a  tempe- 
rature of  20° — 22°  (68° — 7i°"6F.)  until  the  three  liquids  have  become  com- 
pletely mixed,  which  is  usually  the  case  after  6  or  8  days.  This  product  is 
evaporated  to  a  syrup  on  the  water-bath  in  portions  of  not  more  than  20 — 30 
grams,  and  the  residues — consisting  of  glyoxal,  glycollc,  glyoxylic  and  oxalic 
acids — are  dissolved  in  a  small  quantity  of  water,  the  solution  is  neutralized 
with  calcic  carbonate,  about  an  equal  volume  of  alcohol  is  then  added  and  the 
whole  thrown  on  a  linen  filter ;  finally,  the  residue  on  the  filter,  after  being  well 
pressed,  is  repeatedly  extracted  with  boiling  water.  The  solution  thus  obtained 
deposits  calcic  glyoxylate  in  hard  prismatic  crystals,  or  if  sufficiently  concentrated 
solidifies  to  a  gelatinous  mass  of  fine  needles,  which  after  a  few  days  shrinks 
together  in  consequence  of  the  formation  of  the  prismatic  crystals;  a  second  and 
third  crop  of  crystals  may  be  obtained  by  concentrating  the  mother  liquor.  The 
free  acid  is  prepared  from  the  calcic  salt  by  double  decomposition  with  the 
equivalent  amount  of  oxalic  acid  (Debus). 

To  procure  dihydroxyacetic  acid  from  dibromacetic  acid,  an  aqueous 
solution  of  argentic  dibromacetate  is  boiled  until  the  whole  of  the  silver  is 
separated  as  argentic  bromide:  2CHBr2,C00Ag  +  2OH,  =  CH(OH)^.COOH  + 
CHBr^.COOH  +  2AgBr;  the  resulting  solution  of  dihydroxy-  and  dibromacetic 
acids  is  then  carefully  neutralized  with  argentic  carbonate  and  boiled  until 
argentic  bromide  ceases  to  be  formed  :  CH(OH)^.COOAg  +  CHBr,.COOAg  + 
^OH^  --  2CH(0H).^.C00H  +  2AgBr.  The  filtrate  from  the  argentic  bromide  is 
evaporated  to  a  small  bulk  on  the  water-bath,  sufficient  hydrochloric  acid  is  then 
added  to  remove  the  traces  of  silver  present,  and  the  solution  further  concen- 
trated over  sulphuric  acid,  when  it  gradually  solidifies  to  a  mass  of  crystals 
(Perkin,  Journ.  Gliem.  Soc,  1877,  ii.  96). 

Dihydroxyacetic  acid  crystallizes  apparently  in  monoclinic 
prisms,  very  soluble  in  water  and  alcohol;  when  heated  it  melts 
to  a  syrupy  liquid,  which  cannot  be  distilled  without  decomposi- 
tion (Perkin).  According  to  Debus,  on  distilling  an  aqueous 
solution  of  the  acid,  at  first  pure  water  and  afterwards  the  un- 
changed acid  pass  over;  and  on  heating  the  syrupy  acid  in  a 
test-tube  it  volatilizes,  leaving  only  a  slight  black  residue.  It 
is  reduced  to  hydroxyacetic  or  glycolic  acid  by  nascent  hydrogen, 
zinc  dissolving  in  it  without  evolution  of  hydrogen  in  consequence 
of  this  behaviour;  it  is  scarcely  affected,  however,  by  hydriodic  acid 
at  100°  (212°  F.)  (Debus).  Alkaline  hydrates  very  readily  act  upon 
it,  converting  it  half  into  the  corresponding  glycolcite  and  half  into 
oxalate,  mere  boiling  of  a  solution  of  its  calcic  salt,  for  example,  for 
a  few  seconds  with  a  slight  excess  of  lime-water  or  milk  of  lime 
being  sufficient  to  completely  decompose  it  in  this  manner ;  this 
reaction  affords  a  ready  means  both  of  detecting  and  of  estimat- 
ing the  acid,  it  being  merely  necessary  in  tlie  latter  case  to 
ascertain  the  amount  of  oxalate  precipitated.      The  reaction  may 
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be  represented  by  the  following  equations^  supposing  the  potassic 
salt  and  potassic  hydrate  to  be  employed  : 

CH(0H)2.C00K  +  KOH  =  H  +  C(OK)(OH),.COOK  =  COOK.COOK  +  OH   • 
CH(OH),.COOK  +  H  =  CH2(0H).C00K  +  OH,.  ' 

Dihydroxyacetic  acid  is  also  converted  into  hydroxyacetic  acid 
on  adding  hydrochloric  acid  to  a  mixture  of  the  former  and 
hydrocyanic  acid,  the  reaction  being  attended  with  the  evolution 
of  carbonic  anhydride  (Bottinger,  Beut.  chem.  Ges.  Ber.,  x.  1084). 
On  the  other  hand,  it  is  very  readily  oxidized,  and  reduces  an 
ammoniacal  solution  of  a  silver  salt,  forming  a  brilliant  silver 
mirror.  It  is  decomposed  by  hydric  sulphide,  but  the  nature  of 
the  reaction  has  not  yet  been  satisfactorily  ascertained  (Debus ; 
Bottinger,  ibid.,  x.  1243). 

Dihydroxyacetates. — The  metallic  dihydroxyacetatea  all  correspond  in  com- 
position to  the  formula  C2H3M'0^,  and  cannot  be  deprived  of  the  elements  of 
water  without  undergoing  decomposition ;  they  are  obtained  by  neutralizing  the 
acid  with  metallic  carbonates,  or  by  double  decomposition  from  the  calcic  salt. 

Calcic  Dihydroxy acetate,  [CH(OH)2.COO]2Ca,  crystallizes  in  hard  prisms  or 
thin  needles,  soluble  in  177  pts.  of  water  at  8°  (46°"4  F.);  it  may  be  heated  at 
1 60°— 170°  (320°— 338°  F.)  without  loss  of  weight,  but  at  180°  (356°  F.) 
it  is  decomposed,  water  and  carbonic  anhydride  being  given  off,  leaving  a  residue 
consisting  of  calcic  carbonate,  glycolate  and  oxalate,  together  with  a  resinous 
substance.  On  adding  lime-water  to  its  solution,  a  white  flocculent  precipitate, 
apparently  consisting  of  a  basic  salt,  is  produced ;  this  gradually  decomposes  at 
ordinary  temperatures  and  rapidly  on  heating,  furnishing  a  mixture  of  calcic 
glycolate  and  oxalate. 

On  adding  the  equivalent  quantity  of  ammonic  oxalate  to  a  solution  of  calcic 
dihydroxyacetate,  and  evaporating  the  filtered  liquid  in  vacuo,  crusts  of  prismatic 
crystals  of  the  composition  CgHgNOg,  are  obtained.  According  to  Perkin  {loc, 
cit.),  although  the  freshly  prepared  solution  is  neutral,  it  gradually  becomes 
acid  on  evaporation,  and  he  therefore  infers  that  the  ammonic  dihydroxyacetate 
first  produced  is  gradually  converted  into  the  compound  C.^H^NOg,  which  may 
be  regarded  as  amidohydroxyacetic  acid,  CH(NH2)(0H).C00H,  analogous  to 
"  aldehyde  ammonia,"  but  Debus  points  out  that  many  other  ammonic  salts 
behave  similarly  when  their  aqueous  solutions  are  evaporated,  and  that  ammonia 
is  at  once  evolved  on  treating  the  compound  C^HgNOg  with  alkali,  which  is  not 
the  case  with  "  aldehyde-ammonia."  The  existence  of  an  ammonic  salt  of  the 
formula  COH.COONH^,  however,  is  no  proof  of  the  non-existence  of  an  acid  of 
the  formula  CH(OH),.COOH  and  of  salts  derived  from  it,  or  of  the  existence 
of  an  acid  of  the  formula  COH.COOHj  it  merely  tends  to  show  that  compounds 
of  both  forms  are  possible,  corresponding  to  ethaldehydrol  CHg.CH(0H)2,  and 
ethaldehyde,  CH3.COH.  If  aniline  oxalate  be  employed  instead  of  ammonic 
oxalate,  a  clear  solution  is  at  first  obtained,  which,  however,  quickly  changes 
and  becomes  yellow,  depositing  an  orange-coloured  powder ;  this  product  does  not 
possess  the  properties  of  a  salt,  but  is  soluble  in  both  ammonia  and  dilute  hydro- 
chloric acid.  The  compound  C^H^NO^  dissolves  in  large  quantity  in  water ;  on 
boiling  the  solution,  carbonic  anhydride  is  evolved  and  a  brown  resinous 
substance  produced.  A  number  of  the  metallic  dihydroxyacetates  enter  into 
reaction  with  ammonia  (comp.  Debus,  Ann.  Chem.  Pharni,,  cxxvi.  136) 
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Sodic  and  calcic  dihydroxyacetates  form  compounds  with  the  corresponding 
acid  sulphites,  apparently  analagous  to  those  obtained  from  the  aldehydes  : 

CH(0H)2.C00Na    +    HNaSO,   =    CH(0H)(NaS03).C00Na    +    OH^. 
CH(0H),.CH3    +    HNaS03   =    CH(0H)(NaS03).CH3    +    OH,. 

By  heating  crystalline  dihydroxy acetic  acid  with  alcohol  at  120° — 130° 
(248° — 266°  F.),  it  is  apparently  converted  into  ethylic  diethoxyacetate, 
bii(OCfi^)^.COOC^ll^  (Perkin),  but  this  compound  is  more  readily  prepared 
from  dichloracetic  acid  (Schreiber,  Zeits.  Ckem.  [2],  vi.  167). 

(1814)  a-/3-DlHYDROXYPROPIONIC  Or  GLYCERIC  AciD :   CgHgO^ss 

CH2(0H).CH{0H).C00H.— This  acid  is  obtained  by  oxidizing 
glycerol^  either  with  dilute  nitric  acid  (Debus,  SocoloflF),  or  by 
heating  it  with  bromine  and  water  (Barth). 

To  prepare  it,  100  pts.  of  glycerol  dissolved  in  about  an  equal  bulk  of  water 
is  placed  in  a  glass  cylinder,  and  100 — 125  pts.  of  fuming  nitric  acid  is  intro- 
duced below  it  by  means  of  a  funnel-tube.  The  two  layers  of  liquid  gradually 
mix,  and  gas  is  copiously  evolved.  After  several  days,  when  the  oxidation  is 
completed,  the  product  is  evaporated  in  a  large  flat  dish  on  the  water-bath ;  the 
syrupy  residue  is  dissolved  in  a  considerable  quantity  of  water,  the  solution  is 
then  heated  to  boiling,  neutralized  with  plumbic  carbonate  or  oxide,  care  being 
taken  to  avoid  an  excess  if  the  latter  be  employed,  and  is  filtered  while  still  hot ; 
as  the  liquid  cools,  crude  plumbic  glycerate  is  deposited  in  crystalline  crusts. 
It  is  purified  by  repeated  recrystallization,  with  the  aid  of  animal  charcoal.  To 
obtain  the  free  acid,  a  warm  saturated  solution  of  the  plumbic  salt  is  decomposed 
with  hydric  sulphide  (comp.  Mulder,  Deut.  ckem.  Ges.  Ber.,  ix.  1902). 

Glyceric  acid  forms  a  colourless  thick  syrup,  soluble  in  all 
proportions  in  water  and  alcohol.  Its  metallic  salts  are  soluble 
in  water  and  mostly  crystallize  well ;  they  all  correspond  in  com- 
position with  the  formula  CgHgM'O^.  It  appears  to  behave  like 
lactic  acid  when  heated :  that  is  to  say,  it  loses  the  elements  of 
water  and  yields  dehydro- derivatives ;  when  distilled,  it  yields 
pyruvic  acid,  CH3.CO.COOH.  It  is  readily  converted  into 
a-iodopropionic  acid  by  the  action  of  phosphorus  iodide  or 
hydriodic  acid,  90  per  cent,  of  the  theoretical  amount  of  iodo- 
acid  being  obtainable  (comp.  Erlenmeyer,  Ann.  Chem.  Pharm., 
cxci.  284).  It  yields  the  corresponding  a-chloropropionic  acid 
when  submitted  to  the  action  of  phosphoric  pentachloride 
(Wichelhaus  \  Heiutz,  ibid.,  clvi.  35) ;  the  amount  produced  is 
small,  however,  and  the  nature  of  the  reaction  by  which  it  is 
formed  is  at  present  obscure.  Glyceric  acid  is  very  readily 
oxidized ;  it  reduces  an  ammoniacal  solution  of  a  silver  salt.  It 
is  much  more  stable  than  dihydroxyacetic  acid  in  presence  of 
alkaline  hydrates,  a  solution  of  baric  glycerate  being  unaffected 
by  several  hours'  boiling  with  baric  hydrate  (Debus) ;  but  on  boil- 
ing down  with  potassic  hydrate,  it  yields  a  mixture  of  potassic 
lactate,  formate  and  oxalate  (Debus),  the  first  of  these  products 
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resulting  doubtless  from  the  action  of  the  hydrogen  displaced  in  the 
formation  of  the  two  latter. 

(1815)  /3'-DiHYDEOXYPBOPiONic  AciD :  CH3.C(OH)2.COOH.— This  acid 
is  not  known  in  the  free  state,  but  probably  is  a  constituent  of  an  aqueous  solu- 
tion of  acetoformic  acid  (1820).  The  trichloro-derivative,  so-called  isotrichloro- 
glyceric  acid,  CCl3.C(OH)2.COOH,  is  produced  on  treating  gallic  and  salicylic 
acid  or  phenol  with  a  mixture  of  potassic  chlorate  and  hydrochloric  acid.  It 
crystallizes  in  long  flat  needles,  melting  at  about  100°  (212°  F.),  extremely 
soluble  in  all  ordinary  solvents ;  it  readily  sublimes,  and  may  even  be  distilled 
without  much  loss.  It  is  at  once  decomposed  by  alkalies,  .forming  trichloro- 
methane  and  an  oxalate :  CCl3.C(OH)2.COOH  +  OH^  =  CCI3H  +  C(0H)3.C00H  = 
COOH.COOH  +  OHj ;  and  nascent  hydrogen  converts  it  into  lactic  acid  (Schreder, 
Ann.  Chem.  Pharm.,  clxxvii.  282). 

The  tribromo-acid  obtained  by  Grimaux  (^Compt.  Rend.,  Ixxviii.  974)  by  the 
action  of  bromine  on  acetoformic  and  lactic  acids  has  very  similar  properties ;  it 
crystallizes  in  naphthalene-like  plates  of  the  composition  €31161303  +  2OH2  =  (?) 
CBr3.C(OH)2. 0(011)3,  which  are  not  altered  on  exposure  in  vacuo,  but  only 
lose  their  (?)  water  of  crystallization  after  several  hours'  heating  at  100° 
(212°  F.). 

A  closely  allied  compound,  which  probably  has  the  formula  CBr3.C(NO2)2.C00H, 
is  produced  on  treating  tribromophloroglucol  (1535)  with  nitric  acid;  this 
body  yields  nitrotribromomethane  and  oxalic  acid  on  decomposition  by  water 
(Benedikt,  Ann.  Chem.  Fharm.,  clxxxiv.  255). 

(1816)  Teihtdeoxybutt^kic  Acid:  C^H^O^  =  C3H^(0H)3.C00H.— The 
acid  obtained  by  oxidation  of  erythrol  (1540)  probably  has  this  constitution. 
Little  is  known  of  its  properties  (comp.  Sell,  Comjpt.  Rend.,  Ixi.  741  ;  Lamparter, 
Ann.  Chem.  Pharm.,  cxxxiv.  260). 

(181 7)  Penthydboxycapeoic  Acids:  C ^n^p^  =  0^^(011) ^.COOR.— 
Three  acids  which  may  be  regarded  as  having  this  constitution  are  known,  viz., 
mannitic,  gluconic  and  dextronic  acids. 

Mannitic  acid,  obtained  by  oxidation  of  mannitol  (1545),  is  an  amorphous 
extremely  soluble  substance.  The  metallic  salts  which  have  been  prepared  from 
it  are  amorphous  and  mostly  very  soluble,  but  they  are  apparently  basic  salts 
(Gorup-Besanez,  ibid.,  cxviii.  257). 

Gluconic  and  dextronic  acids. — The  formation  of  these  acids  from  dextro- 
glucose  and  starch  respectively  has  already  been  described  (pp.  582,  625):  the 
latter  may  also  be  obtained  from  dextrin  (Habermann,  Ann.  Chem.  Rharm., 
clxii.  297).  Both  are  optically  active,  but  dextronic  acid  has  a  slightly  higher 
dextrorotatory  power  than  gluconic  acid.  Their  baric  and  calcic  salts  also  differ 
slightly  in  composition,  that  of  the  gluconates  being  represented  by  the  fonnulse 
(CgH^Py)2Ba  +  3OH2  and  (CgH^^Oy)„Ca  +  2OH2,  the  dextronates  by  the  formulae 
(CgH^^Oy)2Ba  +  40H2  and  (C,H^^O;),Ca  +  OH^,  but,  according  to  Habermann, 
baric  dextronate  is  converted  into  the  isomeric  gluconate  on  recrystallization. 

Acids  of  the  form  CnHgn-iO.COOH  derived  from  the  Acids 

OF  the  Acetic   Series. 

Ketonic  Acids  of  the  Acetoformic  Series. 

(1818)  The   acids  of  this   form  may  be  regarded  as  derived 

from  the  acids   of  the    acetic   series  by  the  displacement  of  two 

atoms  of  hydrogen  in  the  CnHgn+i  radicle  by  a  single  atom  of 

oxygen ;  the  acids  produced  when  both  the   atoms  of  hydrogen 
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which  are  displaced  are  associated  with  the  same  carbon  atom  may 
be  represented  by  the  general  formula  C^Hg^+j.CO.C^Hg^.COOH, 
whereas  those  formed  by  the  displacement  of  hydrogen  atoms  asso- 
ciated with  contiguous  carbon  atoms  may  be  regarded  as  deri- 
vatives of  ethylenic  oxide  and  its  homologues.  Only  one  repre- 
sentative of  this  latter  class  is  known,  but  the  former  includes  a 
considerable  number  of  acids.  The  monhydroxy-derivatives  of 
the  acids  of  the  acrylic  series  would  also  be  acids  of  the  form 
CNHgn.jO.COOH,  but  at  the  present  such  are  not  known 
with  certainty  to  exist  (comp.  Ricinoleic  Acid). 

The  acids  of  the  form  C^H2^^.i.CO.C„H2^.COOH  may  be 
termed  ketonic  acids,  as  inconsequence  of  the  presence  of  the  group 
CO  they  exhibit  many  of  the  reactions  characteristic  of  ketones  in 
addition  to  th^  ordinary  reactions  of  acids.  An  acid  of  this  form 
obviously  cannot  be  derived  from  formic  acid.  The  acid  of  the 
formula  COH.COOH,  derived  from  acetic  acid,  is  theoretically 
the  first  term  of  the  series,  but  there  is  no  satisfactory  evidence 
of  the  existence  of  such  a  compound  (comp.  p.  901),  the 
lowest  term  of  the  series  being  acetoformic  or  pyruvic  acid, 
CH3.CO.COOH,  which  is  derived  from  propionic  acid. 

Obviously  the  acids  of  the  form  CjjHgn-iO.COOH  may  equally 
well  be  regarded  as  derived  from  the  monhydroxy-derivatives  of 
the  acids  of  the  acetic  series  by  the  withdrawal  of  two  atoms  of 
hydrogen,  or  from  the  dihydroxy-acids  by  the  removal  of  thq, 
elements  of  a  molecule  of  water. 

The  ketonic  acids  are  conveniently  distinguished  by  regarding 
them  as  formed  by  the  introduction  of  so-called  acid  radicles  of  the 
form  C^Hgn  ^  pCO  in  place  of  an  atom  of  hydrogen  in  the  CjjHgn+i 
radicle  of  the  acids  of  the  acetic  series;  thus  pyruvic  acid  is 
acetoformic  acid,  and  the  compound  CHg.CO.CHg.COOH  aceto- 
acetic  acid. 

The  ketonic  acids  cannot  all  exist  in  the  free  state  or  as 
metallic  salts,  some  being  only  known  as  ethereal  salts  ;  this 
apparently  is  the  case  with  all  acids  of  the  forms  R.CO.CHg.COOH, 
KCO.CHR.COOH  and  R.C0.C(R2).C00H. 

(181 9)  AcETOFOEMic  Acid  ;  Pyruvic  or  Pyroracemlc  acid:  Q^f)^  = 
CHj.CO.COOH. — This  acid  was  discovered  by  Berzelius  in  1830,  who 
obtained  it  as  a  product  of  the  dry  distillation  of  tartaric  acid.  It  is  also 
formed  by  dry  distillation  of  glyceric  acid  (Moldenhauer ;  comp.  Bottinger,  Deut. 
chem.  Ges.  £er.,x.  266).  It  may  be  produced  synthetically — i.  by  heating 
/3Michloropropionic  acid  (1769)  with  water  alone,  or  with  water  and  a  metallic 
hydroxide  or  carbonate;  2.  by  heating  argentic  chloracrj'late  with  water: 
CH  — CCl.COOAg  +  0H,=  CH3.CCl(0H).C00Ag  =  CHg.CO.COOAg  +  HCl  = 
CHgCO.COOH  +  AgCl  (Beckurts  and  Otto,  ibid.,  x.  265,2037);  and  3.  by 
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warming   acetoformamide,    CHg.CO.CO.NH^,   with    a    slight  excess  of  dilute 
hydrochloric  acid  (1757  ;  comp.  ihid.,  xi.  15153). 

As  obtained  by  rectifying  the  crude  distillate  from  tartaric  acid  several 
times,  collecting  apart  the  portion  which  boils  at  155° — 16^°  (311° — 3^9°  F.), 
acetoformic  acid  is  a  somewhat  viscid  liquid  of  the  sp.  gr.  i°-24 — 1''*26,  readily 
soluble  in  water  and  alcohol.  If  it  be  heated  at  about  170°  (338*^  F.)  for  several 
hours,  carbonic  anhydride  is  evolved,  and  it  is  converted  into  a  resinous  mass, 
from  which  hot  water  extracts  small  quantities  of  acetic,  pyrotartaric  and  uvic 
acids  (Bottinger,  Ann.  Chem.  Pharm.,  clxxxviii.  293) ;  and  as  this  decomposi- 
tion also  takes  place  to  a  certain  extent  on  mere  distillation  of  the  acid,  it  cannot 
be  obtained  of  fixed  boiling  point.  By  the  action  of  sodium  amalgam  on  its 
aqueous  solution,  or  by  heating  with  hydriodic  acid,  it  is  converted  into  lactic 
acid  (Wislicenus),  which  is  also  produced  by  dissolving  zinc  in  a  mixture  of 
aoetoformic  and  acetic  acids  (Debus) ;  if  an  alcoholic  solution  be  digested  with 
zinc,  a  small  quantity  of  dimethyltartaric  acid  is  also  formed:  2CH3.CO.COOH -«- 
2H  =  [CH3.C(OH).COOH]2  (Bottinger).  Another  method  of  converting  it  into 
lactic  acid  consists  in  digesting  it  with  hydrocyanic  acid  and  warming  the  product 
with  hydrochloric  acid  (Bottinger).  On  oxidation,  acetoformic  .«ccid  yield:?  either 
carbonic  and  acetic,  or  carbonic  and  oxalic  acid,  according  to  the  nature  of  the 
oxidizing  agent. 

It  combines  directly  with  bromine,  forming  an  extremely  unstable  crystalline 
dibromide,  CgH^Br^Ojj,  which  appears  to  be  converted  into  a  crystalline  mono- 
bromopyruvic  acid  by  the  action  of  water  (Wislicenus,  ihid.,  cxlviii.  208).  By 
heating  pyruvic  acid  dissolved  in  a  small  quantity  of  water  with  a  single  mole- 
cular proportion  of  bromine  until  the  latter  disappears,  a  liquid  monobromo-acid 
is  obtained ;  if  twice  the  quantity  of  bromine  be  taken,  a  crystalline  dibromo- 
acid,  C3H2Br,03+20H^  =  (?)CHBr2.C(OH),.C(OH)3,  is  formed;  but  if  the 
heating  be  continued  after  the  bromine  is  absorbed,  the  hydrobromic  acid 
present  acts  upon  this  dibromo-acid,  converting  it  into  pentabromacetone : 
CHBr,.C(OH)^.COOH  +  3HBr  =  CHBr^.CO  OBv^  +  30H^  (Wichelhaus,  ihid., 
clii.  260).  By  employing  a  still  larger  amount  of  bromine,  a  crystalline  tribromo- 
derivative  is  produced  (comp.  1814).  On  treatment  with  phosphoric  penta- 
chloride,  pyruvic  acid  yields  /3^-dichloropropionic  chloride,  CH3  CClj.COCl 
(Klimenko). 

By  passing  hydric  sulphide  into  the  freshly  distilled  acid  it  is  converted 
into  a  white  pulverulent  substance  of  the  formula  CgH^^^SOj ;  by  the  action  of 
hydriodic  acid  this  product  is  transformed  into  crystalline  jS-thiohydropropionic 
acid,  CH3.CH(SH).C00H,  identical  with  that  obtained  from  /3-chloropropionic 
acid  and  a  metallic  thiohydrate;  this  latter  compound  is  also  produced  on 
saturating  a  solution  of  argentic  acetoformate  with  hydric  sulphide  (Bottinger). 

Pyruvic  acid  gradually  alters  when  kept,  becoming  yellow-coloured  and 
viscid,  and  it  cannot  be  recovered  entirely  unchanged  from  its  salts ;  if  it  be 
several  times  evaporated  with  water  on  the  water-bath,  it  is  almost  completely 
converted  into  a  syrupy  acid,  incapable  of  forming  crystalline  salts,  which 
apparently  is  a  polymeric  modification  of  the  original  acid.  It  also  undergoes 
condensation  with  remarkable  facility,  yielding  pyrotartaric  acid,  C^HgO^,  and 
mesaconic  acid,  C^HgO^,  on  digestion  with  hydrochloric  acid ;  and  uvic,  CyHgOg, 
and  a  dimethylbenzoic  acid  (uvitic  acid),  C^H^Og,  together  with  acetic  and  oxalic 
acid  and  other  products,  on  boiling  its  aqueous  solution  with  baric  hydrate 
(comp.  Bottinger,  loc.  cit. ;  *6to?.,  clxxii.  239). 

Metallic  acetoformates.— The  most  characteristic  salt  is  the  argentic  salt, 
CHg.CO.COOAg,  obtained  by  neutralizing  a  warm  solution  of  the  acid  with 
argentic  carbonate;  it  crystallizes  in  broad  plates  and  prisms.  The  baric, 
potassic,  and  sodic  salts  are  ako  crystalline,  provided  that  they  are  prepared 
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without  the  aid  of  heat,  but  if  their  solutions  are  concentrated  on  the  water- 
bath  they  form  gummy  amorphous  masses.  On  adding  an  excess  of  baric 
hydrate  solution  to  a  solution  of  pyruvic  acid,  a  white  precipitate  is  produced,  to 
which  Finck  assigns  the  somewhat  improbable  formula  C^gH^gBagO^g-BaHgO.,. 

(1820)  Hydeoxyacetofoemic  Acid  or  Caebacetoxylic  Acid :  €311^0^  = 
CH,(OH).CO.COOH.-- According  to  Wichelhaus  {ihid.,  cxliii.  7),  the  silver  salt 
of  this  acid  is  formed  on  digesting  a  solution  of  a-ch],oropropionic  acid  with  an 
excess  of  argentic  hydroxide.  It  crystallizes  in  bundles  of  glistening  needles. 
The  free  acid  is  a  syrup ;  it  is  converted  into  glyceric  acid  by  nascent  hydrogen. 

(1821)  DEHYDE0-a-i3-DIHYDE0XYBUTYEIcAciD:  C^HgOg  =  CgHgO.COOH. 

— This  acid    is    obtained  by   converting  the  chloropropylenic  oxide  (so-called 

epicblorhydrin)  0  ■    !  into  the  corresponding  cyano-derivative  by  careful 

(CH.CH^Cl 
treatment  with   a  dilute  aqueous  solution  of  j)U7e  potassic  cyanide,  and  boiling 
this  compound  with  hydrochloric   acid.      It   crystallizes    in    glistening    prisms 
melting  at  225°  (437°  F.),  easily  soluble   in   hot,  but  difficultly  in  cold  water 
(Pazschke,  Jour.  jpr.  Chem.  [2],  i.  97  ;  Hartenstein,  ibid.,  vii.  295). 

It  does  not  unite  with  hydrochloric  acid ;  heated  with  hydriodic  acid,  it 
yields  butyric  acid. 

(1822)  ACETOACETIC  Acid  :  CHg.CO.CHg.COOH.— This  acid 
cannot  exist  either  in  the  free  state  or  in  the  form  of  a  metallic 
salt,  but  its  ethereal  salts  are  stable  compounds  and  are  of  great 
importance  as  synthetical  agents.  These  salts  are  prepared  from 
the  corresponding  acetates  by  the  action  of  sodium  ;  the  nature 
of  the  reaction  involved  in  their  formation  has  been  the  subject 
of  much  discussion. 

Lowig  and  Weidmann,  in  184c  {Pogg.  Ann.  1.  95),  in  the  course  of  an  inves- 
tigation on  the  action  of  the  alkali  metals  on  various  ethereal  salts,  observed  that 
ethylic  acetate  was  violently  attacked  by  potassium  without  any  gas  being 
evolved,  but  they  did  not  definitely  establish  the  nature  of  the  reaction,  and  the 
subject  did  not  again  attract  the  attention  of  chemists  until  1863 — 1865.  In 
the  former  year,  Geuther  stated  {Gottinger  Anzeigen,  1863,  p.  281)  that  ethylic 
acetate  was  capable  of  dissolving  about  12  per  cent,  of  its  weight  of  sodium  with 
evolution  of  hydrogen,  and  that  the  final  product  was  a  mixture  of  sodic  ethy- 
late  and  a  sodium  compound  of  the  formula  CgllgNaOj,  produced  in  accordance 
with  the  equation  :  2C^H303  +  2  Na  =-  H,  +  C\HpNa  +  C^H^NaOg ;  the  latter 
compound  was  isolated  in  a  pure  state,  and  its  properties  most  carefully  ascer- 
tained, and  it  was  shown  that  by  heating  it  in  a  current  of  hydrochloric  acid  gas 
the  corresponding  hydrogen  compound  CgH^^Og  could  be  obtained,  and  that  by 
treating  it  with  methylic  and  ethylic  iodide,  the  sodium  could  be  displaced  by 
methyl  and  ethyl.  Holding  peculiar  views  as  to  the  constitution  of  acetic  acid, 
Geuther  assigned  peculiar  rational  formulae  and  names  to  these  compounds, 
terming,  for  example,  the  compouiid  C^Hj^Og,  ''' dimethi/lencarhons'dure'dthy- 
len'dther"  or  diacets'dure'dther,  and  representing  it  by  the  formula  (old notation) 

^2^2,  C,0,  /  HO,  C,H,.  acetic  acid  being  C,H,,  C^,  |  ^  • 

but  he  subsequently  {Jenaische  Zeitsehrift  f.  Medecin  u.  Naturw,  1865,  387) 
s6mewhat  modified  his  views,  and  termed  the  compound  CgH^^^Og  ethyldiacetic 
acid  instead  of  diacetic  ether,  as  he  found  that  it  was  capable  of  exchanging  an 
atom  of  hydrogen  for  metals. 
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Meanwhile  Frankland  and  Duppa  published  a  most  important  memoir 
(Phil.  Trans.,  clvi.  37),  in  which  they  described  the  product  obtained  on 
dissolving  as  much  sodium  as  possible  in  ethylic  acetate  and  at  once  treating 
the  entire  crude  product  with  moniodo-paraffins.  Using  ethylic  iodide  they 
obtained  four  distinct  products,  viz.,  ethylic  ethacetate,  C^Hg.CH^.COOC  H  , 
ethylic  diethacetate,  {C^^^CB..COOQ,^^,  ethylic  ethacetonecarhonate, 
CH3.CO.CH(C2Hg).COOC2H5— a  substance"  having  all  the  properties  described 
by  Geuther  as  characteristic  of  that  produced  on  treating  the  compound 
CgHgNaOg  with  ethylic  iodide,  and  ethylic  diethacetonecarhonate 
QH^.CO .Q{Q^^^.COOC^^.  Analogous  compounds  were  obtained  when  other 
moniodo-paraffins  were  employed.  In  order  to  explain  the  formation  of  these 
different  bodies,  Frankland  and  Duppa  assumed  that  three  other  sodium  com- 
pounds were  formed  besides  that  isolated  by  Geuther,  and  represented  the  action 
of  sodium  on  ethylic  acetate  by  the  following  equations : 

I.  2CH3.COOC,H^  +    2Na   =   H,  +    aCH^Na.COOC^H,. 

II.     CHg.OOOC.Hg  +    2Na   =    H,  +      CHNa^.COOC^.H^. 

CH,  CHNa.COCH,. 

III.  41     '  +  4]Sra    =    H,    +  aiL.ONa    +    I  ' 

CO.OC^H^  CO.OC^H^. 

CH,  CNa,.CO.CH.. 

IV.  4 1     '  +    6Na    =  2H„  +  2aH,.0Na  +     I 

CO.OC.H,  CO.OC^H^. 

From  these  various  compounds,  the  above-named  ethylic  derivatives  were  sup- 
posed to  be  formed  by  the  direct  displacement  of  the  sodium  by  ethyl. 

Geuther  maintained,  however,  that  no  other  sodium  derivatives  than  the  two 
he  had  isolated  were  formed  in  the  reaction,  and  stated  as  a  further  proof  of  the 
correctness  of  the  equation  2C^Hg02  +  2Na  =112  +  ^2^5^^^  +  ^e^g^^^s  *^^^ 
almost  the  theoretical  amount  of  "  ethyldiacetic  acid"  could  be  obtained  by  dis- 
solving sodium  in  a  large  excess  of  ethylic  acetate,  distilling  off  as  far  as  possible 
the  excess  of  the  latter  on  the  water  bath,  dissolving  the  residue  in  water, 
adding  an  amount  of  acetic  acid  equivalent  to  the  sodium  employed,  and  ex- 
tracting with  ether  (Ze/^5.  Chem.,  1866,  439  ;  1868,  58).  He  suggested  that 
the  ethacetate,  diethacetate  and  diethacetonecarhonate  obtained  by  Frankland 
and  Duppa  were  probably  formed  from  the  ethacetonecarbonate  resulting  from 
the  action  of  ethylic  iodide  on  the  sodium  compound  CgHgNaOg  by  the  action  of 
the  sodic  ethylate  or  by  the  combined  action  of  sodic  ethylate  and  ethylic  acetate, 
and  actually  succeeded  in  obtaining  ethylic  ethacetate  by  heating  a  mixture  of 
ethylic  ethacetonecarbonate,  ethylic  acetate  and  sodic  ethylate  at  120°  (248°  F.) 
{ihid.,  1869,  27),  but  he  did  not  show  that  the  two  other  compounds  could  be 
produced  in  this  manner. 

Geuther's  experiments  for  a  long  time  were  not  estimated  at  their  proper 
value,  and  chemists  continued  to  believe  in  the  possibility  of  forming  the 
sodium  derivatives  corresponding  with  the  ethylated  compounds  obtained  by 
Frankland  and  Duppa ;  any  doubt  as  to  the  correctness  of  his  interpretation  of 
the  action  of  sodium  on  ethylic  acetate  has  been  rendered  impossible,  however, 
by  the  recent  important  researches  of  Wislicenus  (comp.  Avn.  Chem.  Fharm., 
clxxxvi.  61).  This  chemist  finds  that  ethylic  acetoacetate  (Geuther's  ethyldiacetic 
acid),  CHg.CO.CH^.COOC^Hg,  is  capable  of  exchanging  only  one  atom  of 
hydrogen  for  sodium  when  submitted  to  the  action  of  this  metal,  forming 
Geuther's  compound  C^HgNaOg  =  CH3.CO.CHNa.COOC2H5,  but  that  if  the 
sodium  in  this  body  be  displaced  by  ethyl,  a  substance  is  produced  which  is  also 
capable  of  exchanging  an  atom  of  hydrogen  for  sodium,  forming  ethylic 
acetosodethacetate,  CH^  C0.CNa(C2H  J.COOC^H^ ;  by  treating  this  latter  com- 
pound with  ethylic  iodide^  ethylic  acetodiethacetate,  CHj.C0.C(C^Hj)2.C00CjjHj, 
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is  produced,  and  upon  this  body  sodium  has  no  action  whatever.  He  also  finds 
that  sodic  ethjlate  may  be  employed  instead  of  sodium  in  preparing  these 
sodium  compounds,  and  that  if  the  sodium  compounds,  or  the  mixture  of  sodic 
ethylute  and  acetoacetate,  acetoethacetate  or  acetodiethacetate  be  heated,  a 
complex  mixture  of  decomposition  products  is  obtained,  chief  among  which  is 
the  ethylic  salt  of  the  acid  of  the  acetic  series  from  which  the  acetoacetate  is 
derived.  Ethylic  acetosodacetate,  for  example,  yielding  ethylic  acetate,  and 
ethylic  ethacetate  or  butyrate  being  formed  from  the  sodethacetate.  These 
facts  enable  us  to  explain  Frankland  and  Duppa's  results.  In  the  first  instance, 
by  the  action  of  the  sodium  on  the  ethylic  acetate,  a  mixture  of  ethylic 
acetosodacetate  and  sodic  ethylate  is  produced ;  on  treating  this  with  ethylic 
iodide,  the  former  is  partially  converted  into  ethylic  acetoethacetate,  and  the 
latter  partially  converted  into  ethylic  ether  ;  the  acetoethacetate  thus  formed, 
however,  partly  enters  into  reaction  with  the  unattacked  sodic  ethylate,  and  the 
resulting  acetosodethacetate  is  in  turn  transformed  into  acetodiethacetate ;  but 
being  in  presence  of  sodic  ethylate,  the  acetoethacetate  and  acetodiethacetate 
thus  produced  partially  undergo  decomposition  into  ethylic  ethacetate  and 
diethacetate  respectively.  A  precisely  similar  explanation  may  be  given  of  the 
formation  of  the  corresponding  methyl  and  isopropyl  derivatives  which  are 
produced  when  methylic  and  isopropylic  iodides  are  employed. 

Lowig  and  Weidmann  observed  that  potassium  dissolved  in  ethylic  acetate 
without  evolution  of  gas,  but  according  to  Geuther  and  Frankland  and  Duppa 
hydrogen  is  always  evolved  in  considerable  quantity  on  dissolving  sodium  in 
ethylic  acetate ;  Wanklyn,  however,  has  maintained  that  no  hydrogen  is 
produced  when  pure  ethylic  acetate  is  heated  with  sodium  (Ann.  Cliem.  Pharm., 
cxlix.  43),  and  that  the  action  takes  place  in  accordance  with  the  equation  : 

3CH3.COOC,Hg   +    4Na   =    3C2H,ONa    +   NalCO.CHg),, 

Ethylic  acetate.  Sodic  ethylate.  Sodium  triacetyl. 

but  without  advancing  the  slightest  experimental  evidence  of  the  truth  of  this 
equation  ;  Ladenburg  also  has  stated  {Deut.  ckem.  Ges.  Ber.,  iii.  305)  that 
ethylic  acetate  purified  from  alcohol  by  treatment  with  silicic  chloride  or 
phosphoric  oxychloride  is  only  slowly  attacked  by  sodium  at  100°  (212°  F.) 
and  that  no  hydrogen  is  produced ;  and  according  to  Oppenheim  and  Precht 
(ibid.,  ix.  318)  the  acetate  when  distilled  from  phosphoric  anhydride  dissolves 
sodium  without  evolution  of  hydrogen.  The  amount  of  hydrogen  obtained  by 
Frankland  and  Duppa  was  too  large,  however,  to  have  been  produced  entirely 
from  alcohol  present  as  impurity  in  the  acetate  employed  (com p.  Proc.  Roy.  Soc, 
1870,228),  and  Geuther's  experiments  leave  little  doubt  as  to  the  correctness  of  the 
equation  ;  2CH3.COOC2Hg  +  2Na  =  H.^  +  C^HpNa  +  CHg.CO.CHNa.COOC.H^ 
as  an  expression  of  the  primary  reaction.  Probably  the  hydrogen  enters  into 
secondary  reactions ;  but  apparently  the  extent  to  which  this  takes  place  varies 
according  as  the  acetate  is  free  from,  or  contains,  alcohol. 

Geuther  has  shown  that  ethylic  acetosodacetate  may  be  obtained  by  heating 
ethylic  acetate  with  sodic  ethylate  free  from  alcohol  at  130°  (266°  F.),  and  that 
it  is  also  formed,  although  in  less  quantity,  when  the  crystallized  ethylate 
(p.  429)  is  employed  (Zeits.  Chem.,  1868,  652)  ;  according  to  Oppenheim  and 
Precht  (loc.  ciL),  a  certain  amount  is  produced  on  merely  heating  a  mixture 
of  an  alcoholic  solution  of  sodic  ethylate  with  ethylic  acetate  for  several  hours 
at  its  boiling  point.  If  such  a  mixture  as  this  last  be  submitted  to  distillation 
from  the  water-bath,  the  ethylic  acetate  passes  over  unchanged  (Geuther)  ;  but 
according  to  Wanklyn  {Ann.  Chem.  Fharm.,  cl.  205),  pure  sodic  ethylate, 
NaOCgHg,  combmes  with  ethylic  acetate,  and  on  heating  the  mixture  at 
100° — 200°  (212" — 392°  F.)  alcohol  distils  over.     These  observations  arc  of 
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considerable  importance  in  connexion  with  the  question  as  to  the  manner  in 
which  ethylic  a(;etosodacetate  is  produced,  and  together  with  the  fact  that  the 
action  of  sodium  on  fure  ethylic  acetate  takes  place  with  extreme  slowness, 
whereas  the  ordinary  acetate,  which  undoubtedly  contains  alcohol,  is  very  readily 
attacked,  they  lend  considerable  support  to  the  view  that  sodic  ethylate  and 
not  sodium  is  the  real  agent  in  ejffecting  the  conversion.  It  appears  not  im- 
probable that  a  compound  of  the  ethylate  with  the  acetate  is  first  produced,  thus  : 
CH3.C0.0C,H^  +  C.HpNa  =  CH3.C(0C.^H^),.(0Ya), 

and  that  this  enters  into  reaction  with  a  second  molecule  of  acetate,  ultimately 
forming  ethylic  acetosodacetate  and  alcohol,  perhaps  as  shown  by  the  equations : 


(  OC,H, 

[  OC,H^ 

CH3.C  {  OC^H^ 

+    CH,.COOC,H,    =    CH,.C< 

ONa 

+    ^^, 

.OH 

(ONa 

\  CH^.COOCH, 

2    5 

I  Ot^^H, 

fOC.H, 

CH3.C  {  ONa 

(  CH^CC 

=  CH3.C< 

OH 

=  CH. 

.CO.CHNa.COOaH. 

)OC,H, 

CHNa.COOC,H, 

+  C,H, 

.OH. 

(1823)  Preparation  of  ethylic  acetoacetate. — Conrad  and  Wislicenus  (Ann. 
Chem.  Pharm.,  clxxxvi.  214)  give  the  following  instructions  for  preparing  this 
compound  by  Greuther's  method: — 1000  grams  of  ethylic  acetate  are  placed  in  a 
flask  provided  with  an  efficient  reversed  condenser  and  100  grams  of  sodium  in 
pieces  of  about  the  cubic  contents  of  a  pea  are  added  at  once.  The  liquid  soon 
enters  into  ebullition,  much  heat  being  developed ;  when  the  reaction  slackens, 
heat  is  applied  by  means  of  a  water-bath  until  the  sodium  is  completely  dis- 
solved, which  is  usually  effected  in  from  2  to  2|-  hours.  The  still  warm  mass 
is  then  mixed  with  550  grams  of  50  per  cent,  acetic  acid,  the  mixture  is 
allowed  to  cool,  about  ^  a  litre  of  water  is  added  and  the  whole  well  agitated. 
The  upper  layer  is  now  separated,  washed  with  a  little  water,  and  heated  in  a 
copper  vessel  on  the  water-bath  to  drive  off  as  much  as  possible  of  the  unchanged 
ethylic  acetate ;  the  residue  is  then  fractionally  distilled  from  a  glass  vessel, 
collecting  apart  the  portions  which  come  over  at  100° — 1^30°,  130° — 165°, 
i6^° — 175°'  ^75° — 185°,  and  185° — 200°  C.  After  refractionating  these 
distillates,  collecting  between  the  same  limits  of  temperature,  the  distillates  at 
100° — 175°  and  185° — 200°  C.  are  reduced  to  very  small  amounts,  and  the 
fraction  boiling  at  175° — 185°  C.  is  sufficiently  pure  for  most  purposes,  but 
may  be  further  purified  by  fractionation ;  too  frequent  distillation  is  to  be 
avoided,  however,  as  a  small  amount  of  the  acetoacetate  is  decomposed  at  each 
distillation  into  lower  boiling  products  and  dehydracetic  acid  (1832).  The 
maximum  amount  produced  in  this  manner  is  175  grams,  but  considerably  less 
is  obtained  if  a  longer  time  be  taken  in  dissolving  the  sodium,  or,  what  amounts 
to  the  same  thing,  if  a  larger  quantity  of  acetate  be  employed.  A  considerable 
amount  of  ethylic  acetate  may  be  recovered  by  washing  the  distillate  collected 
below  100°  C.  with  a  saturated  solution  of  sodic  chloride  to  remove  alcohol, 
drying  over  calcic  chloride  and  rectifying. 

(1824)  Properties. — Ethylic  acetoacetate  is  a  mobile  colourless  liquid  of 
fruity  odour,  somewhat  soluble  in  water,  of  the  sp.  gr.  i'03  at  5°  (41°  F.) ;  it 
boils  at  i8i°  (357°*8  F.).  Its  aqueous  solution  is  coloured  dark  violet  by 
ferric  chloride.  It  passes  over  unchanged  with  vapour  of  water,  but  if  heated 
with  water  at  150°  (302°  F.),  it  is  decomposed  into  dimethylketone  or  acetone, 
ethylic  alcohol  and  carbonic  acid  :  CH3.C0.CH,.C00C,H^  +  2OH,  =  CH3.CO.CH3 
+  C0(0H)2  +  C^H  .OH  ;  in  presence  of  minernl  acids  or  alkalies  this  decomposi- 
tion takes  place  much  more  readily  (comp.  18 19).  It  is  converted  into 
5-hydroxybutyric  acid  by  the  action  of  nascent  hydrogen  (1807).   On  oxidation, 
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by  a  very  dilute  solution  of  potassic  permanganate,  it  yields  acetic  and  oxalic 
acid.  It  combines  with  hydrocyanic  acid,  forming  a  cyanide  which  is  convertible 
into  hydroxypyrotartaric  acid.  It  also  combines  with  a  single  molecule  of 
bromine,  forming  an  unstable  dibroraide,  CgH^^jOjBrg  (Lippmann),  but  if  treated 
with  an  excess  of  bromine  it  appears  to  form  a  dibromodibromide,  CgHgOgBr^ ; 
chlorine  is  readily  absorbed  by  it,  a  considerable  amount  of  heat  being  developed 
and  pure  hydrochloric  acid  evolved :  the  product  is  a  colourless  liquid,  boiling 
at  206°  (402°*8  F.);  it  is  with  difficulty  decomposed  by  water,  but  if  heated 
with  dilute  hydrochloric  acid  at  170° — iSo°  (338° — ^^6°  F.),  it  is  resolved 
into  dichloracetone,  CHg.CO.CHCl.^,  carbonic  acid  and  ethylic  alcohol ;  if  decom- 
posed with  an  aqueous  or  alcoholic  solution  of  potassic  hydrate,  however,  it 
furnishes  a  mixture  of  acetate  and  dichlorasetate,  and  is  thus  shown  to  be  ethylic 
acetodichloracetate,  so  that  the  action  of  chlorine  is  represented  by  the  equation 
(Conrad,  ibid.,  clxxxvi.  232)  : 

CH,.CO  CH,.COOC,H^  +  2CI,  =  CH,  CO.CCl^.COOC.H^  +  2HCI. 

The  monochlorinated  compound  has  been  obtained  by  heating  ethylic  aceto- 
acetate  with  suphuric  dichloride,  SO^Cl^  (AUihn,  Deut.  chem.  Ges.  Ber.,xi.  567). 
Ethylic  acetoacetate  is  readily  attacked  by  phosphoric  pentachloride,  a  mixture 
of  hydrochloric  acid  and  ethylic  chloride  being  evolved ;  probably  the  first 
action  consists  in  the  formation  of  ethylic  dichlorobutyrate  :  PClg  + 
CHg.CO.CH.COOC.H,  =  CH3.CC1,.CH^.COOC„H,,  but  this  decomposes  into 
hydrochloric  acid  and  a  mixture  of  the  ethylic  salts  of  two  isomeric  chloro- 
crotonic  acids  :  CgH^Cl^.OOOC^H^  =  CgHp.COOC^H^  +  HCl ;  the  hydrochloric 
acid,  however,  partially  decomposes  these  ethylic  salts,  forming  ethylic  chloride  and 
the  corresponding  acids,  and  these  latter  are  converted  into  the  acid  chloride  by 
the  action  of  the  pentachloride,  so  that  finally  a  mixture  of  the  acid  chlorides  and 
of  the  ethylic  salts  of  the  two  chlorocrotonic  acids  is  obtained.  A  considerable 
amount  of  a  resinous  substance  is  also  produced  (Geuther,  Jour.  pr.  Chem.  [2], 
iii.  432).  If  well  cooled  ethylic  acetoacetate  be  saturated  wilh  ammonia,  a 
crystalline  highl}'-  deliquescent  substance  of  the  formula  CgH^jNO^  =  CgH^^O^  + 
NHg  —  OH2  is  produced  (Precht,  ibid.,  xi.  1 193) ;  aniline  also  readily  decomposes 
it  with  formation  of  acetone,  alcohol  and  diphenylcarbamide,  C0(NH.CgH^)2 
{ibid.,  ix.  1098). 

If  the  mixture  of  sodic  ethylate  and  ethylic  acetosodacetate  produced  by 
treating  ethylic  acetate  with  sodium  be  gently  warmed  with  carbonic  bisulphide, 
a  violent  reaction  takes  place ;  the  product,  when  purified  by  crystallization  from 
water,  forms  brick-red  coloured  needles  of  the  composition  Cj^Hj^SgNaO^.  The 
formation  of  this  body  may  be  explained  by  supposing  that  the  bisulphide  com- 
bines with  the  acetosodacetate,  and  that  the  resulting  compound  then  enters  into 
reaction  with  the  sodic  xanthate  formed  by  the  union  of  another  portion  of  the 
bisulphide  with  sodic  ethylate ;   thus  : 

CH3.C0.CHNa.C00C,H^  +  CS.^  =  CH3.C0.CH(CSSNa),  COOC^H^. 

CH3.CO.CH(CSSNa).COOC2H5  +  C^HsO.CSSNa  =  CH3.C0.C(CSSNa)  •[  g^^^^^aHj  +  j^^SH. 

If  a  mixture  of  ethylic  acetoacetate  and  carbonic  bisulphide  be  heated  with 
plumbic  or  zincic  oxide  in  sealed  tubes  at  100°  (212°  F.),  a  compound  of  tlie 
formula  C^HgSOg,  crystallizing  in  straw-yellow  needles,  is  produced  ;  it  may  be 
represented  as  formed  in  the  following  manner  (Norton  and  Oppenheim,  ibid., 
X.  701):  CHg.CO.CH^.COOC^Hg  +  CS^-f-PbO  -  CH3.C0.C(CS).C00C,H,  -f 
PbS  +  OHj.  Ethylic  acetosodacetate  enters  directly  into  reaction  with  di^zo-salts 
in  the  manner  represented  by  the  equation  E'.N2.N03  +  CHg.tO.CHNa.COOCjH, 
=  CH3.CO.CH(N2.R')-COOC2H  +NaNOg;  the  resulting  compounds  crystallize 
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well,  and  are  decomposed  with  remarkable  facility  by  alkalies,  forming  metallic 
salts  of  the  corresponding  acetoacetic  acid  derivatives,  from  which  the  free  acids 
may  be  obtained  (V.  Meyer,  ibid.,  x.  2075  5  Ziiblin,  xi.  141 7). 

(1825)  Metallic  derivatives  of  ethylic  acetoacetate. — Ethylic  acetoacetate 
is  capable  of  exchanging  one  of  its  atoms  of  hydrogen  not  only  for  sodium  but  for 
metals  generally,  forming  a  series  of  well-characterized  metallic  derivatives  of 
the  formula  CHg.CO.CHM'.COOC^H^.  EtJiylic  acetosodacetate  is  best  pre- 
pared in  the  solid  state  by  dissolving  sodium  in  about  ten  times  its  weight  of 
anhydrous  alcohol,  adding  to  the  cold  crystalline  mass  an  equal  volume  of  ether, 
and  treating  the  mixture  with  the  equivalent  quantity  of  ethylic  acetoacetate 
also  diluted  with  an  equal  volume  of  ether;  on  adding  about  2  c.c.  of  water 
and  stirring  well,  it  separates  as  a  crystalline  precipitate,  which  may  be  pressed 
and  dried  over  sulphuric  acid  (Harrow,  Jour.  Chem.  Soc.  Trans.,  1878,  427). 
It  crystallizes  from  a  mixture  of  ether  with  a  small  quantity  of  alcohol  in 
feathery  needles  (Geuther).  Probably  this  compound  is  also  formed  on  dissolving 
ethylic  acetoacetate  in  a  dilute  solution  of  sodic  hydrate,  and  the  corresponding 
potassium  and  barium  derivatives  may  be  produced  in  a  similar  manner.  By 
adding  cupric  acetate  to  a  solution  of  the  barium  derivative  (Geuther),  or  by 
shaking  the  acetoacetate  with  an  ammoniacal  solution  of  cupric  sulphate  (Conrad), 
ethylic  acetocupr acetate,  C^^^f)^C\\,  is  obtained  as  a  pale-green  precipitate 
insoluble  in  water ;  it  crystallizes  from  hot  benzene,  alcohol,  or  ethylic  iodide  in 
glistening  needles,  melting  at  182°  (359°'6  F.).  The  corresponding  cobalt  and 
nickel  derivatives  are  produced  by  shaking  ethylic  acetoacetate  with  solutions  of 
cobalt  and  nickel  sulphate  containing  ammonia  and  ammonic  chloride ;  they 
crystallize  from  hot  benzene  in  microscopic  plates.  The  magnesium  compound 
may  be  prepared  in  a  precisely  similar  manner,  or  by  the  action  of  magnesium 
amalgam  on  ethylic  acetoacetate,  and  crystallizes  from  benzene  in  glistening 
plates,  which  melt  at  240°  (464°  F.)  with  decomposition.  If  ethylic  aceto- 
acetate be  added  to  a  solution  of  potassic  aluminate,  the  liquid,  which  is  at  first 
clear,  after  a  few  hours  becomes  filled  with  glistening  crystals  of  the  aluminium 
derivative  (CgHgO  )^P^\ ;  this  compound  is  very  soluble  in  ether,  benzene  and 
carbonic  bisulphide ;  it  melts  at  76°  (r  68°  8  F.),  and  may  be  distilled  unchanged 
(Conrad,  Ann.  Chem.  Pharm.,  clxxxviii.  269). 

(1826)  Action  of  sodium  on  ethereal  acetates  other  than  ethylic  acetate. — 
Brandes  (Zeiif*.  Chem.,  1866,  454),  Oppenheira  and  Precht  {Beut.  chem.  Ges. 
Ber.,  ix.  1097),  and  Conrad  i^Ann.  Chem.  Pharm.,  clxxxvi.  228),  respectively 
have  shown  that  methvlic,  isobutylic  and  isamylic  acetates  behave  as  ethylic 
acetate  on  treatment  with  sodium ;  hence  it  would  appear  that  the  acetates  of 
the  formula  CHj.COOCnH,^  +  ^  may  all  be  converted  into  the  corresponding 
acetoacetates,  CHg.CO.CH^.COOCnH^^  + ,,  by  the  action  of  sodium. 

Conrad  and  Hodgkinson(A?i>2.  Chem.  Pharm.,  cxciii.  298)  find,  however,  that 
benzyl ic  acetate,  propionate,  and  butyrate  furnish  as  chief  products  a  mixture  of 
the  sodic  salt  of  the  corresponding  acid  of  the  acetic  series  with  the  benzylic 
salt  of  a  benzyl  derivative  of  the  same  acid  ;  and  Hodgkinson  has  obtained  similar 
results  with  benzylic  isobutyrate  {Chem.  Soc.  Jour.  Trans.,  1878,  p.  495)- 
The  action  of  sodium  on  benzylic  salts  of  primary  and  secondary  acids  of  the 
acetic  series  may  therefore  be  expressed  by  the  equation  : 

C„H,.  +  .  C„H,„+,  C„H,„.CH,C.H, 

A  I  +    2]S[a    =    2  +21  +    H  . 

^COOCH,.C,H,  COONa  COOCH,.C,H, 

But  other  products  are  simultaneously  formed  :  for  example,  benzylic  acetate 
also  yields  tolu«^ne  and  the  sodic  salts  of  cinnamic  and  hydrocinnamic  acids, 
together  with  a  certain  amount  of  benzylic  dibenzjdacetate  ;  the  benzylic  salts  of 
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the  homologous  primary  acids  furnish  corresponding  bodies,  but  benzylic 
isobutyrate  behaves  in  a  different  manner.  These  results  show  that  the  reaction 
is  of  a  complex  character ;  and  although,  at  present,  the  necessary  data-  for  its 
correct  interpretation  do  not  appear  to  exist,  it  is  of  interest  in  connexion 
with  this  question  that  ethylic  acetobenzylacetate  does  not  furnish  a  normal 
product  on  treatment  with  alkali,  but  is  converted  into  dibenzylacetate  [Ann. 
Chem.  Pharm.,  clxxxvii.  11). 

(1827)  Productionof  compounds  of  the  form  CJi^.CO.CltLX.COOCJi^  and 
CHj.CO.CXY.COOC^Hj  from  ethylic  acetoacetate. — It  has  already  been 
pointed  out  that  a  series  of  homologues  of  ethylic  acetoacetate  of  the  form 
CH,.C0.CH(CuH2n  ^  J.COOC.Hg  may  be  prepared  by  acting  on  the  acetoacetate 
with  sodium  and  treating  the  resulting  acetosodacetate  with  bodies  such  as 
ethylic  iodide ;  and  that  by  repeating  these  operations  a  series  of  homologues  of 
the  form  CH3.CO.C(C,,H2„  +  J^-COOC^H^  maybe  obtained.  The  radicle  in- 
troduced at  the  second  operation  may  either  be  the  same  or  different  from  that 
introduced  at  the  first ;  and  besides  the  haloid  compounds  of  the  C^\l^^  + ,  radicles 
very  many  other  haloid  compounds  of  the  form  R'  (CI,  Br,  I),  such  as  ethylic 
monochloracetate,  &c.,  may  be  employed.* 

Wislicenus  has  described  at  length  the  precautions  which  should  be  adopted 
in  preparing  such  derivatives  {Ann.  Chem.  Pharm.,  clxxxvi.  216).  He 
recommends  that  the  ethylic  acetoacetate  be  mixed  with  about  an  equal  volume 
of  pure  benzene,  and  that  the  solution  be  digested  with  an  excess  of  sodium  in  a 
flask  attached  to  a  reversed  condenser ;  the  excess  of  sodium  having  been 
removed  by  means  of  a  glass  spoon,  an  amount  of  the  haloid  compound  equiva- 
lent to  the  amount  of  sodium  dissolved  is  then  run  in,  and  the  mixture  digested, 
if  necessary,  on  the  water- bath.  Afterwards  sufficient  water  is  added  to  dissolve 
the  sodic  chloride,  bromide  or  iodide,  and  the  aqueous  solution  separated  from 
the  solution  of  the  product  in  benzene ;  the  latter  is  washed  by  agitation  with  a 
small  quantity  of  water,  dried  by  means  of  potassic  carbonate  or  some  other 
suitable  desiccating  agent,  the  benzene  distilled  oft'  on  the  water-bath,  and  the 
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*  The  following  is  a  list  of  the  compounds  hitherto  prepared  : 

Ethylic  acetomethacetate Ac.CH(CH3).C00Et 

acetodimethacetate Ac.C(CH3)2.COOEt 

acetoethacetate Ac.CH(C2Hj.C00Et 

acetomethethacetate Ac.CCCHg^CC^HJ.COOEt 

acetodiethacetate A.c.Q{Cfi^\.QOOm 

acetoisopropacetate Ac.CH(C3H/).C00Et 

acetoisobutylacetate Ac.CH(C^H/).COOEt 

acetodiisobutylacetate Ac.C(C^H/)2.C00Et 

acetoallylacetate Ac.CH(C,HJ.COOEt 

acetodiallylacetate Ac.C(C3H^)^.C00Et 

acetobenzylacetate Ac.CH(CH^.C^H^).COOEt 

acetobenzylmethacetate Ac.C(CH3)(C.Hy).C00Et 

acetobenzylethacetate Ac.C(C,HJ(C^H^).COOEt 

acetobenzoylacetate Ac.CH(CO.CgHj).COOEt 

acetomalonate Ac.CHlCOOEt)^ 

Ac.CH.COOEt 
acetcsuccinate    


aceto-a-propanedicarboxylate 


CH^.COOEt 
AcCH.COOEt 
I 
CH,  CH^.COOEt. 
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residue  purified  by  rectification ;  or,  if  it  cannot  be  distilled  unchanged,  exposed 
over  sulphuric  acid  in  vacuo  until  it  ceases  to  lose  weight.  A  similar  course  is 
adopted  in  converting  the  mono-derivatives  thus  obtained  into  di-derivatives.  In 
operating  in  this  manner,  however,  there  is  always  a  certain  amount  of  resinous 
bye-product  formed  owing  to  the  partial  decomposition  of  the  sodium  derivative 
which  takes  place  during  the  prolonged  heating  necessary  to  effect  the  solution 
of  the  necessary  amount  of  sodium,  and  probably  also  to  the  action  of  the 
nascent  hydrogen.  According  to  Conrad  and  Limpach  (ibid.,  cxcii.  153),  thia 
is  not  the  case  if  sodic  ethylate  be  employed  in  place  of  sodium.  They  direct 
that  an  amount  of  sodium  equivalent  to  the  amount  of  acetoacetate  to  be 
employed  be  dissolved  in  10 — 12  times  its  weight  of  anhydrous  alcohol,  and  that 
when  cool  this  solution  be  mixed  with  the  acetoacetate,  the  haloid  compound 
being  then  immediately  added ;  the  reaction  is  either  moderated  by  cooling,  or 
allowed  to  proceed  unchecked,  or  assisted  by  warming,  according  to  circum- 
stances, and  is  considered  to  be  complete  when  the  liquid  is  no  longer  alkaline. 
The  greater  part  of  the  alcohol  is  then  distilled  off  on  the  water-bath,  the 
residue  is  mixed  with  water,  and  the  upper  oily  layer  submitted  to  distillation. 

(1828)  Action  of  alkalies  on  ethylic  acetoacetate  and  its  derivatives. — 
Ethylic  acetoacetate  was  shown  by  its  discoverer  to  be  decomposed  by  alkalies 
into  acetone,  alcohol  and  carbonic  acid,  and  Frankland  and  Duppa  observed  that 
the  substituted  derivatives  which  they  obtained  were  decomposed  in  a  manner  pre- 
cisely analogous  ;  the  researches  of  Wislicenus  and  his  pupils  have  shown,  how- 
ever, that  in  addition  to  this  mode  of  decomposition,  which  may  be  represented 
by  the  following  general  equation : 

CO.CH,  CK 

I  I 

CXY  +    2KOH    =    00  +    C0(0K)2    +    C^H^H, 

I  I 

COOC.Hg  CHXY 

ethylic  acetoacetate  and  the  compounds  derived  from  it  also  undergo  the  follow- 
ing change : 

o     ^,    ,.                 ,    ,       .  AcCH.COOEt 

18.    Ethylic  acetomethylsuccmate I 

CH(CH,).COOEt 

Ac.C(CH3).C00Et 
19-        »  »  I 

CH^.COOEt 

Ac.C(CH).COOEt 

20.  „       acetomethylpyro  tartrate I 

CH„.CH,.COOEt 

,  Ac.C(CH  ).COOEt 

21.  „       acetodimethylsuccmate 1 

CH(CH3).C00Et 

,    ,       .  Ac.C(aHj.COOEt 

22.  „       acetoethylsuccinate I 


CH^.COOEt 
AcCH.COOEt 


23- 


CH(C,HJ.COOEt 

Ac.C(CH^.C00Et)3 

24.        „       acetotricarballylate      .  ■ I 

COOEt. 
In   these  formulae  Ac^CHg.CO;    Et  =  C^H^.      Compare   Frankland  and 
Duppa  andGeuther,  loc.  cit. ;  Ann.  CJiem.  Pharm.  clxxxvi.,  clxxxvii.,  clxxxviii., 
cxc,  cxcii.,  cxciii. ;  Deut.  chem.  Ges.  Ber.,  x,  1956  -,  xi.  T055. 
3  3  N 
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CXY.CO.CH,  +  2KOH 
I 
OOOC.H, 


CH,  CHXY 

I      '      +     I  +    C,H,OH. 

COOK         COOK 


The  extent  to  which  these  two  kinds  of  change  take  place  depends  not  only  on 
the  nature  of  the  compound,  but  also  on  the  conditions  observed  in  effecting  the 
decomposition.  If  an  aqueous  solution  of  baric  hydrate  be  employed  as  hydrating 
agent,  the  corresponding  acetone  or  compound  of  the  form  CH3.CO.CHXY  is 
almost  exclusively  produced  ;  but  if  an  alcoholic  solution  of  potassic  hydrate 
be  used,  a  considerable  amount  undergoes  conversion  in  accordance  with  the 
second  equation,  and  the  extent  to  which  the  decomposition  into  a  molecule  of 
acetate  and  a  molecule  of  the  salt  CHXY.COOK  takes  place  is  greater  the 
more  concentrated  the  alkaline  solution  both  initially  and  at  the  close  of  the 
operation.  This  is  clearly  shown  by  the  following  results  obtained  with  ethylic 
ethacetate  (Wislicenus,  Ann.  Chem.  Pharm.,  cxc.  257)  : 


Concentration  of  KOH 
solution. 

No.  of  mols. 
KOH  employed 

Percentage  of  ethylic  salt  converted 

at  beginning  of         at  end  of 
change.                change. 

to  I  mol. 
ethylic  salt. 

into  ketone,  &c. 

into  acetate  and 
ethacetate.  , 

Total. 

Baric  hydrate. 

98-38 

1-42 

99'8o 

1*40 

•25 

2-24 

88-54 

3-83 

92-37 

II-20 

6-40 

470 

91-05 

8-74 

9979 

11-76 

379 

3-02 

98-42 

3-98 

102-40 

1566 

6-70 

3  "34 

88-38 

10-83 

99-21 

i6-8o 

2-92 

2-36 

82-61 

1473 

97*34 

i6-8o 

9*57 

4.68 

76-28 

24-25 

100-53 

22-40 

12-69 

4.62 

58-80 

41-40 

IOO-20 

24-64 

2-78 

2-26 

80*41 

19-81 

100-21 

24-86 

370 

2-25 

81-82 

14-14 

9569 

The  difference  in  the  behaviour  of  different  acetoacetates  under  similar  con- 
ditions will  be  evident  on  inspection  of  the  following  Table,  which  exhibits  the 
results  obtained  by  decomposing  the  ethylic  salts  by  two  different  solutions  of 
potassic  hydrate  employed  in  the  proportion  of  2-75  mols.  KOH  to  i  mol.  of 
the  salt : 


Percentage  converted  by  a 

Percentage  converted  by  a 

10-27— 10-4  per  cent,  solution 

;  20  "5  4— 20  8  per  cent,  solution 

into 

j                      into 

ketone,  &c. 

acids. 

;    ketone,  &c. 

acids. 

Ethylic  acetoacetate .     .     . 

81-87 

17-43 

60-03 

41-03 

„       acetomethacetate     . 

86-28 

1370 

68-16 

31-20 

„        acetoethacetate . 

91-52 

87s 

7  5 '44 

2375 

„       acetodimethacetate 

9173 

7-46 

80-02 

19-96 

„        acetoallylacetate     . 

82-42 

17-54 

51-14 

? 

„        acetodi  ethacetate    . 

54-15 

42-50 

30-86 

6*94 

It  will  be  observed  that  whereas  ethylic  acetoethacetate  yields  relatively  more 
ketone  and  a  smaller  amount  of  acids  than  the  acetodiethacetate,  ethylic  aceto- 
dimethacetate yields  more  ketone  and  a  smaller  amount  of  acids  than  the 
acetomethacetate ;  but  the  two  compounds  ethylic  acetoethacetate  and  dimeth- 
acetate,  which  have  the  same  molecular  weight,  furnish  very  similar   values. 
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(1829)  Action  of  Nitkous  Acid  on  Ethylic  Aceto acetate  and 
Homologous  Compounds. — If  ethylic  acetoacetate  (i  mol.  proportion)  be  dis-i 
solved  in  a  dilute  solution  of  potassic  hydrate  (i  mol.  proportion),  and  a 
solution  of  potassic  nitrite  (i  mol.  proportion)  be  then  added,  and  the  liquid 
rendered  acid  with  dilute  sulphuric  acid,  the  nitrous  acid  thus  set  at 
liberty  reacts  upon  the  acetoacetate,  forming  ethylic  acetonitrosoacetaie ^ 
CH3.CO.CH(NO).CO0C2H^.  The  unattacked  acetoacetate  may  be  recovered  by 
rendering  the  solution  alkaline  and  extracting  with  ether;  if  the  solution  be  then 
acidified  and  again  extracted  with  ether,  the  acetonitrosoacetate  is  dissolved :  on 
carefully  distilling  off  the  ether,  and  exposing  the  residue  over  sulphuric  acid  in. 
vacuo,  it  remains  as  an  oil  which  crystallizes  with  difficulty  unless  a  previously 
obtained  crystal  be  added.  If,  after  extracting  the  unattacked  acetoacetate,  the 
alkaline  solution  be  allowed  to  stand  several  days,  the  acetonitrosoacetate 
undergoes  decomposition,  forming  nitrosodimethylketone  or  nitrosoacetone 
CH3.CO.CH2(NO). 

Ethylic  acetomethacetate  appears  to  behave  similarly,  but  the  resulting 
nitroso-derivative  at  once  undergoes  further  decomposition,  yielding  (i)  methyl' 
nitrosoethylJcetone,  CHg.C0.CH(N0).CH3,  when  an  excess  of  aqueous  potassic 
hydrate  is  employed  ;  (2)  ethylic  ^-nitrosopropionate,  CH,.CH(N0).C00C2H„ 
when  an  alcoholic  solution  of  a  single  mol.  proportion  of  potassic  hydrate  is 
used;  and  (3)  ^-nitrosopropionic  acid,  CH3.CH(N0).C00H, when  the  alkaline 
solution  of  ethylic  /3-nitrosopropionate  is  allowed  to  stand.  Ethylacetoeth- 
acetate  furnishes  only  methylnitrosopropylketone,  CH3.CO.CH(NO).CH2.CH3. 

These  nitroso-compounds  are  all  crystalline,  and  exhibit  acid  properties  ; 
nitrosodimethylketone  melts  at  65°  (149°  F.),  and  does  not  volatilize  unchanged 
unless  a  very  minute  amount  be  heated ;  methylnitrosoethyl ketone  melts  at 
74°  (i65°'2  F.),  and  boils  without  the  slightest  decomposition  at  185°  (365°  F.) ; 
methylnitrosopropylketone  melts  at  54°  (i29°'2  F.),and  partially  decomposes 
on  distillation  (V.  Meyer ;  V.  Meyer  and  Ziiblin,  Deut.  chem.  Ges.  Ber.,  x. 
2076  ;  xi.  320,  692). 

(1830)  Action  of  Sodium  on  Ethylic  Salts  of  Homologues  op 
Acetic  Acid.  Action  on  ethylic  formate. — Lowig  and  Weidmann,  who  first 
studied  the  action  of  sodium  on  this  compound,  observed  the  formation  of 
ethylic  alcohol,  sodic  formate,  carbonic  oxide  and  a  small  quantity  of  brown 
resinous  product;  Greiner,  who  subsequently  examined  the  reaction  (^Zeits. 
Chem.,  1866,  460),  obtained  hydrogen  and  sodic  ethylate  also.  Wanklyn 
maintains,  however  [Chemical  News,  1868,  xviii.,  143),  that  pure  carbonic 
oxide  is  evolved,  and  he  further  states  that  a  mixture  of  ethylic  formate  and 
alcohol  does  not  furnish  hydrogen  when  acted  on  by  sodium. 

Geuther  has  shown  [Zeits.  Chem.,  1868,  655)  that  ethylic  formate  is  com- 
pletely resolved  into  carbonic  oxide  and  alcohol  by  merely  warming  with  sodic 
ethylate,  the  decomposition  commencing  even  at  ordinary  temperatures ;  it  is 
therefore  probable  that  when  ethylic  formate  of  ordinary  purity  is  treated  with 
sodium,  its  decomposition  is  in  the  main,  if  not  entirely,  the  result  of  the  action 
of  sodic  ethylate  formed,  in  the  first  instance,  from  traces  of  alcohol  present, 
and  subsequently  from  that  produced  in  the  reaction  which  may  be  supposed  to 
take  place  in  the  manner  indicated  by  the  following  equations : 

H.COOC^H^  +  C^HpNa  =  H.C(0C,H^)3(0Na) ; 
H.C(OC,Hj,(ONa)  =  CO  +  C.H^.ONa  +  C^H^.OH. 

Action  of  Sodium  on  Ethylic  Propionate. — By  treating  this  compound 
with  sodium  and  decomposing  the  resulting  sodium  compound  with  acetic  acid, 
&c.,  as  in  the  preparation  of  ethylic  acetoacetate,  Hellon  and  Oppenheim  {Deut. 
chem.  Ges,  Ber.,  x.  699)  have  obtained  ethylic  propiopropionate,  CjHj^Og,  as 
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A  colourless,  pleasant-smelling  liquid,  boiling  at  about  200°  (392°  F.).  Like 
ethylic  acetoacetate,  this  compound  dissolves  sodium  with  evolution  of  hydrogen, 
but  it  is  not  coloured  by  ferric  chloride,  nor  does  it  react  with  mercuric  oxide. 
From  the  mannnr  in  whicli  it  is  formed,  it  probably  has  the  constitution  repre- 
sented by  the  formula  CR^.C'il{Cn^.CR^.CO).COOC^U^. 

Action  of  Sodium  on  Ethylic  Isovalerate. — The  reaction  in  this  case 
appears  to  be  of  a  highly  complex  character.  According  to  Greiner  [Zeits.  Chem., 
1866,  461),  scarcely  any  hydrogen  is  evolved,  and  on  adding  water  to  the  product 
an  oily  liquid  separates,  which  may  be  resolved  by  fractional  distillation  into  por- 
tions boiling  below  1 00°,  at  130° — 1 40°,  at  180° — 190°,  at  2 00° — 2 10°,  at  about 
230°,  and  at  250° — 300°  C.  The  chi«^f  product  is  that  boiling  at  the  highest  tem- 
perature, and  to  this  the  formula  C^^jH^gO  is  assigned ;  next  in  importance  is  that 
boiling  at  200° — 210°,  which  has  the  formula  C^^„^0^.  The  portion  boiling  at 
230°  when  kept  crystallizes  in  long  needles,  melting  at  65°,  and  perhaps  has  the 
composition  Cg^H^gOg.  The  portion  of  lowest-boiling  point  is  a  mixture  of 
alcohol  with  a  small  amount  of  ethylic  isovalerate,  that  boiling  at  130° — 140° 
being  the  almost  pure  isovalerate ;  the  results  obtained  on  analyzing  the  portion 
boiling  at  180° — 190°  are  expressed  by  the  formula  {C^^^^)f).  In  addition  to 
these  products,  two  others  are  obtained  from  the  aqueous  solution  by  acidifying 
with  acetic  acid,  when  an  oil  separates  which  soon  becomes  partially  solid,  and. 
by  crystallizing  this  product  from  warm  alcohol,  a  compound  of  the  formula 
^20 ^^34^3  ^^  obtained  in  large  rhombic  plates,  melting  at  about  127°,  and  distilling 
unchanged  at  295°  C.  This  body  manifests  very  feeble  acid  properties.  The 
alcoholic  mother-liquor  furnishes  a  relatively  much  smaller  quantity  of  a  very 
viscid  uncrystallizable  compound  of  the  formula  G^^^^O^,  which  appears  to  be 
the  homologue  of  ethylic  acetoacetate ;  it  possesses  marked  acid  properties. 

None  of  these  various  products  appear  to  have  been  investigated,  and  even 
the  composition  of  some  of  them  is  doubtful,  as  the  method  employed  in  effect- 
ing their  purification  can  scarcely  be  regarded  as  efficient.  There  can  be  no 
question,  however,  that  the  reaction  is  far  less  simple  than  in  the  case  of  ethylic 
acetate. 

(1831)  Dehydeacetic  Acid:  CgHgO^.— This  acid  was  originally  obtained 
by  Geuther  by  heating  ethylic  acetosodacetate  in  a  current  of  carbonic  anhydride 
or  hydrochloric  acid  gas  {Zeits.  Chem.,  1866,  8),  but  only  a  very  small  quantity 
is  produced  in  this  manner.  It  is  obtained  as  a  bye-product  in  the  preparation 
of  ethylic  acetoacetate  (1824),  which  is  in  great  part  converted  into  ethylic 
acetate  and  dehydracetic  acid  by  heating  for  three  hours  in  sealed  tubes  at 
230° — 250°  (446° — 482°  F.)  (Conrad,  Deut.  chem.  Ges.  Ber.,  vii.  62>d>). 
According  to  Oppeuheim  and  Precht  [ibid.,  ix.  323,  1099),  ethylic  aceto- 
acetate furnishes  nearly  25  per  cent,  of  its  weight  of  dehydracetic  acid  when 
passed  through  an  iron  tube  heated  to  a  temperature  just  below  dull  redness,  a 
considerable  amount  of  acetone  being  also  produced. 

Dehydracetic  acid  crystallizes  from  a  hot,  aqueous  solution  in  rhombic  plates 
or  needles,  melting  at  io8°-5  (227°'3  F.) ;  it  boils  at  about  269°  (5i6°-2  F.), 
but  partially  decomposes.  It  is  difficultly  soluble  in  cold,  but  readily  in  hot 
water  ;  the  solution  has  an  acid  reaction,  and  is  coloured  yellow  to  orange-red 
by  ferric  chloride  according  to  the  concentration.  Dehydracetic  acid  is  mono- 
basic, furnishing  a  number  of  crystalline  salts  of  the  formula  CgHyMO^ ;  its 
methylic  salt  crystallizes  in  four-sided  prisms  melting  at  97°  (i95°"8  F,),  the 
ethylic  salt  melting  at  9i°*6  (196°  8  F.).  According  to  Oppenheim  and  Precht, 
it  is  scarcely  affected  by  the  strongest  hydrochloric,  nitric  or  sulphuric  acid,  but  is 
very  readily  decomposed  by  alkalies,  yielding  acetic  and  carbonic  acids  and  acetone. 
On  treatment  with  phosphoric  pentachloride,  it  yields  a  crystalline  chloride  of  the 
formula  CjHgO^Cl.,,  and  is  thus  shown  to  contain  the  HO  group  twice.     Crystalline 
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monochloro-  and  monobromo-derivatives  are  obtained  in  small  quantity  by  the 
action  of  bromine  on  the  acid.  It  appears  to  lose  oxygen  when  submitted  to 
the  action  of  nascent  hydrogen.  On  evaporating  its  solution  in  aqueous  ammonia, 
it  is  converted  into  the  amide  CgH^Og.NH^,  and  the  corresponding  anilide, 
CgHyO3.NH.CgHg  is  produced  on  heating  it  with  aniline. 

(1832)  Ethylic  ETHOXYACETOETHOXYACETATE:  C^^H^^Og.— This  Com- 
pound is  formed  on  treating  ethylic  ethoxyacetate,  CH2(OC2H  ).COOC  H„ 
with  sodium,  &c.,  and  bears  to  it  precisely  the  same  relation  that  ethylic  aceto- 
acetate  bearsj  to  ethylic  acetate.  It  boils  at  about  245°  (473°  F.).  It  yields 
a  violet  coloration  with  ferric  chloride  ;  dissolves  sodium  ;  and  is  decomposed  by 
acids  with  evolution  of  carbonic  anhydride,  and  by  alkalies  with  formation  of 
alcohol  and  the  corresponding  ethoxyacetate  (Geuther  ;  Conrad,  *6ic?.,  xii.  58). 

(1833)  a-AcETOPEOPiONic  Acid;  Lcevulinic  Acid:  Q^Yif)^  = 
CHg.CO.CHg.CH^.COOH.— By  decomposing  ethylic  acetosuccinate,  prepared  by 
the  action  of  ethylic  monochloracetate  on  ethylic  acetosodacetate,  with  a 
concentrated  alcoholic  solution  of  potassic  hydrate,  or  by  hydrochloric  acid, 
potassic  succinate  and  acetate  are  produced ;  but  if  baric  hydrate  be  employed, 
baric  acetopropionate  and  carbonate  are  formed.     Thus  : 

CK.CO.CH.COOC^Hg  CH^.COOK 

1  +  3KOH  =  CH  COOK  +    I    '  +  2C,H,0H. 

CH^.COOC^Hg  CH^.COOK  '    ' 

CH3.C0.CH.C00C,Hs 

CH  COOCH  +3Ba(0H)2=(CH3.C0.CH2.CH,.C00)2Ba  +  2BaC03  +  4C2H,0H; 

The  acid  thus  obtained  is  identical  with  the  so-called  Isevulinic  acid  pro- 
duced by  heating  Isevulose  (q.  v.)  with  dilute  sulphuric  acid  (Conrad,  Ann.  Chem. 
Pharm.,  clxxxviii.  217  ;  Deut.  chem.  Ges,  Ber.,  xi.  2177). 

(1834)  EiciNOLEic  Acid:  C^gH^^Og.— As  glyceric  salt,  this  acid  forms 
the  chief  constituent  of  castor  oil — the  oil  expressed  from  the  seeds  of 
Ricinus  communis.  The  acid  itself  is  a  colourless  oil,  which  solidifies  to  a 
granular  mass  when  cooled  a  few  degrees  below  0°  (32*°  F.) ;  it  furnishes  a 
number  of  metallic  salts  of  the  form  C^gH^.^MOg,  which  may  be  crystallized 
from  alcohol  or  ether.  Neither  the  acid  nor  its  salts  oxidize  on  exposure  to 
the  air.     Like  oleic   acid,  it   may  be  converted  by  the   action   of  nitrous  acid 

,  into  a  crystalline  isomeride  melting  at  50°  (122°  F.).  When  distilled  alone 
ricinoleic  acid  undergoes  decomposition  into  normal  heptaldehyde  (1645) 
and  other  products.  Castor  oil  is  similarly  changed,  and  when  distilled 
under  much  reduced  pressure  yields  about  18  per  cent,  of  its  weight  of 
this  aldehyde  together  with  about  10  per  cent,  of  an  acid  of  the  acrylic 
series  of  the  formula  C^^H.^Og  (Krafft.  Deut.  chem.  Ges.  Ber„  x. 
2034;  Becker,  ibid.  xi.  141 2).  Heptaldehyde  is  also  obtained  on  sub- 
jecting the  alkali-metal  salts  of  ricinoleic  acid  to  dry  distillation,  but  if 
sodic  ricinoleate  be  distilled  with  sodic  hydrate,  methylhexylcarbinol  and 
methylhexylketone  are  produced  in  varying  relative  proportions  depending 
upon  the  amount  of  hydrate  and  the  temperature  employed ;  the  residue 
contains  sodic  sebate,  C^^H^gNagO^  (comp.  Neison,  Jour.  Chem.  Soc. 
xxvii.  507,  837).  By  the  action  of  hydriodic  acid,  ricinoleic  acid  is  con- 
verted into  an  iodo-acid  of  the  formula  C^gH^^IO^ ;  this  combines  with  two 
atoms  of  bromine,  and  when  submitted  to  the  action  of  nascent  hydrogen 
yields  stearic  acid,  C^gHggOg  (Claus,  Deut.  chem.  Ges.  Ber.,  ix.  1916). 

Two  of  the  atoms  of  oxygen  in  ricinoleic  acid  are  undoubtedly  present 
in  the  form  COOH ;  the  condition  of  the  third  is  not  yet  ascertained,  but 
from  the  behaviour  of  the  acid  on  dry  distillation  being  so  similar  to  that  of 
dieth-/3-hydroxy butyric    acid    (18 12)    it  would  seem  not  improbable  that  it 
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is  present  as  OH.     On   this  assumption  the  following   appears  to  be  the  most 
probable  formula  of  the  acid  : 

(C,H^J«.CH(OH).CH  ZZ  CH.C^H^^.COOH. 


§  III.  Acids  of  the  C^Hgn  (COOHJ^  or  Succinic  Series. 


The  acids  of  the  acetic  series  may  be  regarded  as  formed  from 
the  corresponding  paraffins  containing  the  same  number  of  carbon 
atoms  by  the  conversion  by  oxidation  of  the  group  CH3  into 
C(0H)3,  ^^d  *^^  removal  of  the  elements  of  a  single  molecule  of 
water  from  this  group ;  in  like  manner,  the  acids  of  the  oxalic  or 
succinic  series  may  be  regarded  as  derived  from  the  correspond- 
ing acids  of  the  acetic  series  by  the  repetition  of  these  operations, 
or,  in  other  words,  as  formed  from  the  corresponding  paraffins 
by  the  conversion  of  two  CHg  groups  into  carboxyl. 

(1^35)  The  following  is  a  list  of  the  acids  at  present 
known : 


C^H^O^   .   Oxalic  acid 
CjjH^O^  .   Malonic  acid    . 

*    "   *  *  1  Methylmalonic  acid  . 


COOH.COOH 
CH,(C00H)2   . 
CH,(C00H).CH,(C00H) 
CH^.CHCCOOH),     . 


M.P.  °  C. 

.  140 
.180-5 
.    130 


CH^(COOH).CH,.CH,{COOH)    .     98 


CH3.CH(C00H).CH,(C00H) 
C,H5.CH(C00H),    r 

(CH3),C(C00H),      .         . 


112 
112 
170 


<^^H,A 


/  Propane-  a-dicarboxy  lie 
acid  .... 
nxTQ      J  Methylsuccinic  or  pyrotar- 
taric  acid    . 
Ethylmalonic  acid     . 
^Dimethylmalonic  acid 
/Tetrane-a-dicarboxylic     or 

adipicacid  .         .   CH2(C00H).(CHJ2.CH2(C00H).   148 

a-Dimethylsuccinic  acid    .   CH3.CH(COOH).CH(CH3)(COOH)i66 
Ethylsuccinic  acid    .  .  C,H^.CH(COOH).CH,(COOH)     .     98 

Methylpropane-a-dicar- 

boxylicacid  .         .    CHg.CH(C00H).CH2.CH,(C00H)    76 

C.H^,0^  .|Pentane-a-dicarboxylic  acid  CH^(C00H).(CHJ3.CH2(C00H)    103 
^  Pimelic  acid    .  .  .         .  ,  .  .  .  .114 

Hexane-a-dicarboxylic      or 

suberic  acid  .    CHXC00H).(CH2)^.CH,(C00H)  140 

iTetramethylsuccinic  acid    .    (CH3)2C(COOH).C(CH3)2(COOH)     95 
Heptane-a-dicarboxylic      or 

azelaicacid.  .  .    CH^(COOH).(CH,X.CH,(COOH).    106 

Octane-a-dicarboxylic  or  se- 

bacicacid   .  .  .    CH2(C00H).(CHXCH,(C00H)     127 

Brassy  lie  acid  .  .    CgHj3(COOH)2  .  .  .109 

Eocellic  acid   .         .         .   C^^Hj^lCOOHj^         .         .  .132 


C,H,,0, 


(1836)     Methods    op   Formation. — The   following  methods 
are  all  of  more  or  less  general  application. 
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1.  By  oxidation  of  paraffins.  No  method  of  directly  con- 
verting paraffins  into  the  corresponding  acids  of  the  succinic 
series  is  known,  but  oxalic  and  succinic  acids  and  other  acids  of 
the  series  are  frequently  produced  on  oxidizing  the  higher 
paraffins. 

2.  By  oxidation  of  acids  of  the  acetic  series,  as  in  the  forma- 
tion of  succinic  acid  from  butyric  acid  on  heating  it  with  nitric 
acid: 

CH^.CH^.CH^.COOH  +  3(0  +  OH^)  =  C(0H)3.CH,.CH  .COOH  +  3OH.; 
C(0H)3.CH^.CH^.C00H  =  COOH.CH^.CH^.COOH  +  OH,. 

3 .  By  oxidation  of  the  corresponding  glycols  : 
CH/OH).C„H,,.CH,(OH)  +  4(0  +  OHJ  =  COOH.C„H,„.COOH.  +  60H^. 

4.  By  converting  dihaloid  derivatives  of  paraffins  into  the 
corresponding  dicyano-derivatives,  and  treating  these  latter  with 
water  and  an  alkali  or  mineral  acid : 

CH^Br.CH,.CH,Br  +  2KCN  =  CH/CN).CH^.CHXCN)  +  2KBr; 

a-Dibromopropane.  a-Dicyanopropane. 

CN.CH^.CH^.CH^.CN   +   6011,  =  C(OH)3.CH,.CH^.CH..C(OH)3  +  2NH3 ; 

o-Dicyanopropane. 

C(OH)3.CH^.CH^.CH^.C(OH)3  =  COOH.CH^.CH^.CH^.COOH  +  20H^. 

Propane-a-dicarboxylic  acid. 

In  a  similar  manner,  they  are  obtained  from  monohaloid 
derivatives  of  acids  of  the  acetic  series,  by  treating  ethereal  salts 
of  these  latter  with  a  metallic  cyanide,  &c.,  thus  : 

CH^Cl.COOC^H^  +  KCN  =  CH/CN).COOC,H^  +  KCl. 

Ethylic  chloracetate.  Ethylic  cyanacetate. 

CN.CH^.COOC.H^  +  3OH2  =  COOH.CH,.COOH  +  NH,  +  C^UfiK. 

Ethylic  cyanacetate.  Malonic  acid. 

Many  dihaloid  derivatives  of  paraffins  and  monohaloid  deriva- 
tives of  acids  of  the  acetic  series,  however,  are  not  available  for 
the  preparation  of  acids  of  the  succinic  series  in  this  manner,  as, 
instead  of  exchanging  the  halogen  for  the  group  CN,  they  lose 
the  elements  of  a  molecule  of  haloid  acid. 

5 .  By  the  action  of  metallic  silver  on  ethereal  salts  of  mono- 
haloid derivatives  of  acids  of  the  acetic  series ;  e.g.  : 

2CHJ.CH,.C00C2H,  +  2Ag  =  2AgI  +  Cfi^iCOOC^llX' 

Ethylic  a-iodopropionate.  Ethylic  adipate.    . 

6.  By  the  decomposition  of  derivatives  of  ethylic  acetoacetate 
of  the  form  Ac.CH(C„H2„.C00Et).C00Et  (comp.  1827,  1828), 
by  means  of  a  concentrated  alcoholic  solution  of  potassic 
hydrate  or  (?)  concentrated  hydrochloric  acid : 
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CHg.CO.CH^.COOC^nj  CHg.COOK 

!  -i-   3KOE  =    I  +  CH3.COOK   +  2C2H..OH. 

CH2.COOC2H5        ^  CH2.COOK  '  '    * 

Ethylic  acetosuccinate.  Potrssic  succinate.  Potassio  acetate. 

(1837)  Properties. — The  acids  of  the  succinic  series  are  all 
crystalline  bodies.  In  their  chemical  behaviour  they  in  many 
respects  resemble  the  acids  of  the  acetic  series,  but  are  less 
stable,  being  either  partially  or  entirely  decomposed  on  distilla- 
tion :  those  in  which  the  two  carboxyl  groups  are  associated  with 
the  same  carbon  atom  being  resolved  into  carbonic  anhydride  and 
an  acid  of  the  acetic   series  : 

CH3.CH(C00H),  =  CH3.CH,.C00H      +      CO,; 

Isosuccinic  acid.  Propionic  acid. 

whilst  those  in  which  the  two  carboxyl  groups  are  associated 
with  contiguous  carbon  atoms,  furnish  corresponding  anhydrides  : 

CK.COOH  CH,.CO, 

I  -  I  >0       +       OH,. 

CH^.COOH  CH^.CO-^ 

Succinic  acid.  Succinic  anhydride. 

Those  in  which  the  carboxyls  are  associated  with  non -conti- 
guous carbon  atoms  have  been  little  investigated,  but  they  do  not 
appear  to  furnish  corresponding  anhydrides,  at  least  in  any 
quantity,  being  apparently,  for  the  most  part,  unchanged  on  dis- 
tillation, or  undergoing  decomposition  in  other  ways. 

(1838)  Oxalic  Acid:  C^Uf>^=  (COOH)^.— This  acid  is 
found  abundantly  as  a  potassic  salt  in  the  leaves  of  the  wood 
sorrel,  Owalis  acetosella,  and  in  many  other  species  of  oxalis  and 
rumex ;  it  also  exists  as  a  sodic  salt  in  salicornia  and 
salsola ^diwdi  as  calcic  oxalate  in  a  great  number  of,  if  not  in  all 
plants,  the  so-called  '  raphides'  being  generally  crystallized 
calcic  oxalate.  It  is  also  of  frequent  occurrence  as  calcic  salt 
in  the  animal  kingdom,  being  found  in  the  urine  and  in  urinary 
deposits. 

It  may  be  formed — i,  as  sodic  salt,  by  the  direct  union  of  car- 
bonic anhydride  with  metallic  sodium  (Drechsel,  Zeits.  Chem.j 
1868,  120),  which  takes  place  at  about  the  boiling  point  of 
mercury:  2Na-|-C02  =  C20^Na2;  2,  also  as  sodic  salt,  by  care- 
fully heating  sodic  formate  (Erlenmeyer  and  Gutschow)  : 
2H.COONa  =  H2-|-C204Na2 ;  3,  as  ammonic  salt,  together  with 
other  products,  by  the  gradual  decomposition  of  an  aqueous 
solution  of  cyanogen  :  Q^^  +  ^OYi^^QfiJ^H^^;  the  conversion 
of  cyanogen  into  oxalic  acid  is  readily  completely  effected  by 
digesting  it  with  a   dilute   solution  of  a  mineral  acid  or  of  an 


1838.]  OXALIC  ACID.  921 

alkali ;  4,  by  oxidation  of  a  very  large  number  of  carbon  com- 
pounds, especially  oxygenated  bodies,  such  as  glycerol,  tartaric 
acid,  sugar,  starch  and  cellulose,  by  means  of  oxidizing  agents, 
such  as  nitric  acid  and  potassic  hydrate.  Oxalic  acid  was 
formerly  prepared  on  the  large  scale  by  oxidizing  sugar  or  starch 
with  nitric  acid,  but  it  is  now  almost  entirely  obtained  by  heating 
sawdust  with  a  mixture  of  potassic  and  sodic  hydrate,  which 
is  found  to  answer  as  well  as  potassic  hydrate  alone,  although 
sodic  hydrate  is  said  not  to  furnish  satisfactory  results. 

According  to  Schunck,  Angus  Smith,  and  Eoscoe  (Brit.  Assoc.  Report,  1861, 
p.  120),  the  following  method  is  employed  by  Messrs.  Roberts,  Dule  and  Co. : 
— A  concentrated  solution  of  the  two  hydrates  of  sp.  gr.  1-35  is  prepared 
containing  two  molecular  proportions  of  sodic  hydrate  to  one  of  potassic 
hydrate,  and  into  this  sawdust  is  introduced  so  as  to  form  a  stiff  paste. 
The  pasty  mass  is  placed  in  thick  layers  upon  heated  iron  plates,  and  stirred 
constantly  whilst  the  temperature  is  gradually  raised.  At  first  water  escapes 
freely  ;  as  the  decomposition  advances  the  mass  swells  up  and  disengages  an 
inflammable  gas,  containing  hydrogen  and  methane.  The  temperature  is 
maintained  at  a  point  between  200°  and  250°  (392°  and  482°  F.)  for  a 
couple  of  hours,  when  a  dark  brown  mass,  entirely  soluble  in  water,  is  ob- 
tained. The  exact  nature  of  this  mixture  has  not  been  ascertained.  At 
this  stage,  however,  it  contains  only  from  one  to  ^our  per  cent,  of  oxalic  acid 
and  a  trace  of  formic,  but  no  acetic  acid ;  the  application  of  heat  to  the  mass 
is  therefore  continued  for  three  or  four  hours  longer,  taking  care  to  avoid 
charring:  the  mass  becomes  thoroughly  dry,  and  finally  contains  from  28  to 
30  per  cent,  of  oxalic  acid.  Hydrogen  appears  to  be  given  off  continuously 
during  the  process,  which  is  quite  successful  in  closed  vessels. 

The  grey  mass  thus  procured  is  treated  with  water  at  15°  (59^  F.)  which 
dissolves  out  everything  but  the  sparingly  soluble  sodic  oxalate.  The 
mother-liquors,  after  the  separation  of  the  sodic  oxalate,  are  boiled  down  to 
dryness,  and  ignited  to  destroy  organic  matter;  the  residue  is  then  rendered 
caustic,  and  after  the  addition  of  a  suitable  quantity  of  sodic  hydrate  used  in 
preparing  a  fresh  charge. 

The  sodic  oxalate  is  decomposed  by  boiling  with  calcic  hydrate,  calcic 
oxalate  being  formed,  which  separates  in  the  insoluble  condition,  whilst  sodic 
hydrate  enters  into  solution,  and  may  be  used  over  again.  The  calcic  oxalate 
thus'  obtained  is  decomposed  by  means  of  sulphuric  acid,  and  the  liquor, 
decanted  from  the  calcic  sulphate,  furnishes  crystallized  oxalic  acid  on 
evaporation.  Sawdust  treated  by  this  method  yields  about  half  its  weight  of 
oxalic  acid. 

Thorn,  who  appears  to  have  been  unacquainted  with  the  method  adopted  on 
the  large  scale,  has  made  a  number  of  experiments  with  a  view  to  ascertain  the 
most  favourable  conditions  for  the  conversion  of  woody  fibre  into  oxalic  acid 
{Journ.  jpr.  Chem.,  1873  [2],  viii.  182).  He  finds  that. a  considerable  amount 
of  the  acid  (equal  to  about  30  to  50  per  cent,  of  the  weight  of  the  sawdust) 
may  be  obtained  by  the  use  of  sodic  hydrate  alone.  When  potassic  hydrate  is 
employed  alone,  more  is  formed  (about  85  per  cent.)  than  with  any  mixture  of 
the  two  hydrates  if  the  mass  be  heated  in  a  vessel  of  some  depth  ;  but  if  it  be 
spread  in  a  moderately  thin  layer  on  an  iron  plate,  no  advantage  is  gained  by 
employing  a  mixture  containing  more  than  40  pts.  KOH  to  60  pts.  NaOH. 
Thus  the  following  results  were  obtained  on  treating  mixtures  of  50  pts.  pine 
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sawdust  (containing  15  per  cent,  hygroscopic  moisture)  and  100  pts.  alkali  for 
one  to  one  and  a  half  hours : 


Proportion  of 
KOH  ^  NaOH. 

Temperature. 

°C. 

No.  of 
Experiments. 

Percentage  of 
oxalic  acid. 

0   :    100 
10   :      90 
20   :      80 
30   :      70 
40   :      60 
60   :      40 
80   :      20 
TOO   :        0 

200 — 220 

230 
240—250 

240 250 

240 — 250 
240 — 250 

245 
240 — 250 

2 
2 
4 

3 
6 
6 

4 
6 

33-14 
58-36 
74-76 
7677 
80-57 

8o-o8 
81-24 
81-23 

Soft  woods,  such  as  fir,  pine  and  poplar,  gave  a  larger  amount  of  acid  than  hard 
woods,  such  as  beech  and  oak. 

Oxalic  acid  crystallizes  in  colourless  transparent  monoclinic 
prisms  of  the  composition  C2H2O4+2OH2,  very  soluble  in  water 
and  alcohol;  it  is  highly  poisonous.  It  melts  at  98°  (2o8°-4  F.), 
and  readily  loses  its  water  of  crystallization  if  maintained  at 
about  this  temperature ;  the  anhydrous  acid  begins  to  sublime 
at  a  somewhat  higher  temperature,  but  is  in  great  part  decom- 
posed into  COg,  CO  and  OHg,  a  small  quantity  undergoing  con- 
version into  formic  acid  and  carbonic  anhydride  (comp.  p.  822). 
When  heated  with  substances  having  an  affinity  for  water,  such 
as  sulphuric  acid,  it  is  readily  resolved  into  carbonic  anhydride, 
carbonic  oxide,  and  water.  It  is  completely  decomposed  by  the 
chlorides  of  phosphorus  ;  thus  : 


COOH  COCl 

I  +  PCL  =  HCl  +  POCL  +    I 

COOH  COOH 


CO  +  C0„  +  HCl. 


Chlorine  and  bromine  have  no  action  on  the  anhydrous  acid, 
but  in  presence  of  water  they  oxidize  it  to  carbonic  acid.  It  is 
only  slowly  attacked  even  by  boiling  nitric  acid,  but  most  other 
oxidising  agents  rapidly  convert  it  into  carbonic  acid  ;  it  is,  how- 
ever, a  less  powerful  reducing  agent  than  formic  acid,  separating 
the  metal  from  auric,  but  not  from  platinic  chloride. 

Metallic  Oxalates. — Oxalic  acid  furnishes  acid  salts,  such  as  hydric  potassic 
oxalate  (potassic  binoxalate,  salt  of  sorrel),  KHC^O^,  and  hydric  baric  oxalate, 
Ba(HC20j2  "^  4OH2  5  ^  ^^^o®  number  of  normal  salts,  such  as  dipotassic  oxalate, 
K„C„0^,  calcic  oxalate,  CaC^O^,  &c. ;  numerous  mixed  (so-called  double)  salts, 
such  as  dipotassic  cupric  oxalate,  'K-^CxxiCf)^^,  and  a  few,  such  as  the 
plumbic  oxalato-nitrate  C20^(Pb]S[Og)2.  The  so-called  quadroxalates  and 
basic  oxalates  may  be  formulated  as  derivatives  of  the  ortho-acid  or  acidhydrol 
C(OH)3.C(OH)3,  as  which  we  may  regard  crystallized  oxalic  acid  j  thus,  the 
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"  basic "  plumbic  oxalate,  PbC^O^.  2PbO  =  PbgC^Og,  may  be  regarded  as  the 
normal  salt  of  this  acid,  while  the  hyperacid  oxalate,  C2HKO^.C2H20^.20H2, 
may  be  represented  by  the  formula  C(OH)3.C(OH)2.0.C(OH)2.COok.' 

The  oxalates  containing  ammonium  and  the  alkali  metals  are  soluble  in 
water,  but  most  of  the  others  are  only  very  slightly  soluble,  or  are  insoluble  in 
water,  although  readily  dissolved  by  dilute  acids.  The  oxalates  of  the  alkali 
and  alkaline  earth  metals  are  converted  by  ignition  into  carbonates  without  any 
appearance  of  charring,  carbonic  oxide  being  evolved ;  the  oxalates  of  metals 
which  have  but  a  small  attraction  for  oxygen  furnish  carbonic  anhydride  and  a 
residue  of  the  metal.  The  decomposition  of  argentic  oxalate  in  this  manner 
takes  place  so  readily  that  it  detonates  when  suddenly  heated,  whilst  mercuric 
oxalate  detonates  violently  on  merely  rubbing  the  dry  salt. 

Ethereal  Oxalates. — The  normal  salts  are  best  prepared  by  slow  distillation 
of  mixtures  of  the  carbinols  and  dehydrated  oxalic  acid,*  the  product  which 
always  contains  a  certain  amount  of  the  corresponding  ethereal  formate  being 
purified  by  fractional  distillation;  they  are  also  formed  on  saturating  these 
mixtures  with  hydrochloric  acid  gas,  or  by  distilling  them  with  sulphuric  acid, 
and  by  the  action  of  chlorides,  bromides  and  iodides  of  hydrocarbon  radicles  on 
metallic  oxalates. 

Methylic  oxalate,  020^(0113)2,  crystallizes  in  glistening  plates,  melting  at 
5i°(i23°-8  F.),  and  boils  at  162°  (353°'6  F.);  it  is  frequently  employed  in 
preparing  pure  methylic  alcohol.  The  homologous  compounds  are  liquid ; 
ethylic  oxalate  boils  at  186°  (366°*8  F.)  ;  propylic  oxalate  -ai  110°  (410°  F.)  ; 
isobutylic  oxalate  at  225°  (437°  F.) ;  isamylic  oxalate  at  262°  (503°'6  F.). 
Benzylic  oxalate^  C^O^  (OHg.CgH.)^,  obtained  by  the  action  of  benzylic  chloride 
on  argentic  oxalate  crystallizes  in  brilliant  white  scales,  melting  at  80° "5 
(i76°-9F.). 

These  salts  are  decomposed  by  water,  and  still  more  readily  by  alkalies,  the 
latter  forming  crystalline  metallic  ethereal  oxalates  :  thus,  on  adding  an  alcoholic 
solution  of  potassic  hydrate  to  an  alcoholic  solution  of  ethylic  oxalate,  potassic 
ethylic  oxalate,  COOK.COOC^Hg  is  produced.f  The  corresponding  acid 
ethereal  oxalates  formed  on  treating  these  metallic  ethereal  salts  with  acids  are 
extremely  unstable,  and  cannot  be  isolated  ;  they  are  also  produced  on  heating 


*  Cahours  and  Demarcay  have  shown  {Compt.  ^e72c?.,  Ixxxvi.  991)  that  this 
only  holds  good  for  primary  carbinols,  secondary  and  tertiary  carbinols  yielding 
corresponding  olefines  ;  and  even  primary  carbinols  of  high  molecular  weight 
are  similarly  decomposed. 

t  The  formation  of  these  compounds  is  probably  preceded  by  that  of  a  com- 
pound of  the  ethereal  oxalate  with  the  metallic  or  ethereal  hydrate,  for  Salomon 
has  observed  {Deut.  chem.  Ges.  Ber.,  viii.  1509)  that  when  ethylic  oxalate 
is  treated  with  a  solution  of  potassic  methylate  in  methylic  alcohol  the  product 
consists  of  potassic  methylic  oxalate;  it  may  be  supposed  that  the  group 
COOC^H^  combines  with  the  methylate  forming  0(OCH3)(OC2H,)(OK),  and 
that  C^HpK  is  subsequently  split  off.  According  to  Weddige  {Jour.  pr. 
Chem.  [2]  xii.  434)  a  similar  change,  but  of  the  reverse  order,  takes  place  on 
treating  methylic  oxalate  with  a  solution  of  ammonia  in  ethylic  alcohol,  whereby 
ethylic  oxaraate,  NH^.CO.OOOO^Hg,  is  formed.  Frankland'  and  Duppa  have  re- 
commended the  use  of  methylated  spirit  for  the  preparation  of  ethylic  oxalate, 
and  make  no  mention  of  the  presence  of  methylic  oxalate  in  the  product 
{Jour.  Chem.  Soc,  xxii.  29)  ;  as  the  whole  of  the  alcohol  is  not  utilized  it 
would  be  possible  to  explain  the  non-formation  of  the  methylic  salt  in  a  similar 
manner. 
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oxalic  acid  with  carbinols.  By  treating  the  metallic  ethereal  salts  with  the 
chlorides  of  phosphorus  they  are  converted  into  chlorides  of  the  form 
ClCO.COOCjiHgn  ^  1,  &c.,  potassic  ethylic  oxalate,  for  example,  yielding  the 
chloride  ClCO.COOC^Hg  when  acted  upon  by  phosphoric  oxychloride  (Henry, 
Beut.  Chem.  Ges.  Ber.,  iv.  598).  According  to  v.  Eichter  {ibid.,  x.  2228), 
this  chloride  is  more  readily  produced  by  the  action  of  phosphoric  pentachloride  on 
ethylic  oxalate,  the  corresponding  bromide  being  formed  when  phosphoric  pen- 
tabromide  is  employed.  It  is  a  colourless  mobile  liquid,  boiling  without  decom- 
position at  about  130°  (267°-8  F.)  (Richter) ;  water  and  alcohol  at  once  decom- 
pose it ;  by  the  continued  action  of  phosphoric  pentachloride  it  is  converted 
into  ethylic  trichloracetate  (Richter). 

Ethylic  oxalate  and  its  homologues  are  decomposed  by  sodium  and  potassium, 
being  mainly  converted  into  the  corresponding  carbonates  with  evolution  of 
carbonic  oxide :  C20^(CnH2n  +  ^^  =  C03(CnH2n  +  1)3  +  CO,  comparatively  small 
quantities  of  other  products  being  formed.  Geuther  {Zeits.  Chem.,  1868,  656), 
and  Dittmar  and  Cranston  {Jour.  Chem.  Soc,  1869,  xxii.  441)  have  shown 
that  the  action  of  sodic  ethylate  on  ethylic  oxalate  is  similar  to  that  of  sodium, 
and  suggest  that  even  when  sodium  is  employed,  the  decomposition  is  really  due 
to  the  action  of  the  ethylate.  According  to  the  latter  chemists,  sodic  ethylate 
gradually  dissolves  in  ethylic  oxalate  with  slight  evolution  of  heat,  forming  a 
yellowish  syrup,  which  sometinjes  gelatinizes  on  standing.  If  this  product  be 
gradually  heated,  a  powerful  reaction  is  observed  to  set  in  at  about  80°  (176° 
r.),  large  quantities  of  pure  carbonic  oxide  being  evolved,  and  the  mass  becomes 
darker  and  darker  in  colour,  and  at  last  almost  black.  On  distilling  the 
product  from  an  oil-bath  at  a  temperature  not  exceeding  200°  (392°  P.), 
a  distillate  is  obtained  containing  ethylic  carbonate,  undecomposed  ethylic 
oxalate,  and  a  small  quantity  of  ethylic  alcohol,  the  last  mentioned 
being  always  present,  even  when  the  most  carefully  dehydrated  and  de- 
alcoholated  substances  are  employed.  The  residue  is  black,  and  contains  sodio 
oxalate,  a  small  quantity  of  formate,  ard  the  sodic  salts  of  a  complex 
of  organic  acids  not  yet  defined,  but  no  carbonate  if  the  proportion  of  ethy- 
late used  be  not  greater  than  about  one-eighth  of  the  weight  of  the  oxalate. 
When  the  ethylate  and  oxalate  are  employed  in  simple  molecular  proportions,  a 
considerable  amount  of  sodic  ethylic  carbonate  and  ethylic  ether  are  also  formed 
by  the  action  of  the  ethylate  on  the  ethylic  carbonate  which  is  completely 
resolved  into  these  two  compounds  by  heating  with  the  pure  ethylate,  and  also 
furnishes  them,  together  with  carbonic  oxide,  when  submitted  to  the  action  of 
sodium.  Dittmar  and  Cranston  found  that  a  single  mol.  proportion  of  sodic 
ethylate,  acting  on  an  excess  of  ethylic  oxalate,  sufficed  to  decompose  four  mol. 
props,  of  the  oxalate,  producing  three  mol.  props,  of  ethylic  carbonate,  and  three 
of  carbonic  oxide,  together  with  about  '4  mol.  props,  of  alcohol.  A  single  mol. 
prop,  of  potassic  ethylate,  however,  was  found  capable  of  decomposing  upwards  of 
six  mol.  props,  of  ethylic  oxalate,  and  to  furnish  no  less  than  i  '6  mol.  props,  of 
alcohol  to  6*2  mol.  props,  of  ethylic  carbonate.  The  principal  decomposition, 
perhaps,  takes  place  in  the  manner  represented  by  the  following  equation : 

COOC.H,  C(OC,Hj,.ONa 

I  +  NaOC^H,  -:    I  =  C0(0C,HJ2  -h  CO  -t-  NaOC^H^. 

COOC,H,  COOC^Hj 

According  to  Lowig,  if  ethylic  oxalate  be  agitated  with  sodium  amalgam,  a 
product  is  obtained  consisting  of  sodic  oxalate  and  at  least  one  other  sodic  salt, 
together  with  a  fermentable  sugar  and  the  ethylic  salt  of  a  tribasic  acid  of  the 
formula  C^HgOg,  which  he  terms  desoxalic  or  racemocarbonic  acid.     Brunner 
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{Deut.  chem.  Ges.  Ber.,  iii.  974),  however,  has  failed  in  obtaining  the  sugar,  and 
states  that  desoxalic  acid  (q.v.)  has  the  formula  C  H  0  . 

On  treating  an  alcoholic  solution  of  ethylic  oxalate  with  sodium  amalgam, 
salts  of  glycolic  and  tartaric  acid  are  produced  (Debus). 

(1839)  Methanedicarboxylic  or  Malonic  Acid  :  C  H  O  = 
CH2(C00H)^.— This  acid  was  originally  obtained  by  Dessaignes 
by  oxidation  of  malic  acid.  It  may  be  formed,  i.  from  cyan- 
aoetic  acid  (1768) ;  2.  by  heating  so-called  barbituric  acid,  a  uric 
acid  derivative,  with  a  solution  of  potassic  hydrate;  and  3.  by 
boiling  ethylic  a-chloracrylate,  CHClZzCH.COOCgH,,  with  a 
solution  of  baric  hydrate  (Pinner,  Deut.  chem.  Ges.  Ber.,  viii.  963). 

Malonic  acid  crystallizes  in  large  flat  triclinic  prisms,  easily 
soluble  in  water  and  alcohol;  it  melts  at  140°  (284° R),  and 
when  heated  at  about  [50°  (302°  F.)  decomposes  into  acetic  acid 
and  carbonic  anhydride. 

Malonates. — Both  the  acid  and  normal  salts  of  malonic  acid,  exceotino- 
those  containing  alkali  metals,  are.  sparingly  soluble  in  water ;  the  baric  salt, 
C3H20^Ba+  20H^,  is  one  of  the  most  characteristic,  crystallizing  in  aggregates 
of  small  thick  prisms :  it  loses  one  of  its  mols.  of  water  at  100°  (212°  F.),  but 
the  second  is  not  expelled  below  150°  (302°  ¥.)  (comp.  Finkelstein,  ^ww.  Chem. 
Phar.,  cxxxiii.  338). 

(1840)  Ethanedicarboxylic  Acids:  Qfifi^  =  Cj:l^{COOB.)^. 
— Only  two  dicarboxylic  acids  can  be  derived  from  ethane,  and 
both  are  known — viz.,  succinic  and  isosuccinic  acid. 

(1841)  Succinic  or  Ethane-o-dicarboxylic  Acid, 
COOH.CHo.CHg.COOH,  has  been  long  known  as  a  product  of 
the  distillation  of  amber  [succinuin),  being  mentioned  by  Agricola 
under  the  name  of  ^'^  volatile  salt  of  amber '^  as  early  as  1657. 
It  appears  to  be  very  widely  distributed,  having  been  found  not 
only  in  amber,  but  also  in  certain  lignites,  in  turpentine,  in  the 
juice  of  unripe  grapes  (Brunner  and  Brandenburg,  Deut.  chem.Ges. 
Ber.,  ix.  982)  and  of  the  plants  Artemisia  absinthium,  Chelidonium 
majus  and  Lactuca  virosa ;  also  in  the  animal  organism,  as  in 
the  thymoid  gland  of  the  calf,  the  spleen  of  the  ox  (Gorup- 
Besanez),  in  certain  pathological  exudations (Heintz),  and  inhuman 
urine  after  eating  asparagus  {YiH^QV,  Ann.  Chem. P harm., cbim.Q,o^). 
Succinic  acid  may  be  obtained  by  the  following  reactions, 
among  others : 

I.  By  heating  a-dicyanethane  (ethylenic  cyanide,  1220),  obtained  by 
digesting  a-dibromethane  or  ethylenic  bromide  with  an  alcoholic  solution  of 
potassic  cyanide,  with  water  and  an  alkali  or  mineral  acid  (Maxwell  Simpson, 
B.  Soc.  i*r.,  x.  574;  Phil.  Trans.,  1861,  61  ;  (comp.  Jungfleisch,  Bull.  Soc. 
Chim.  [2],  xix.  197  ;  Nevole  and  Tcherniak,  ihid.  [2],  xxx.  10 1).  Erlenmeyer 
and  Simpson  have  shown  {Ann.  Chem.  Pharm.,  cxlv,  365,  373)  that  i3-dichlor- 
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ethane  or  ethylideuic  chloride,  CHg.CHClj,  also  yields  succinic  acid  when 
heated  with  potassic  cyanide,  &c. ;  /3-dichlorethane  is,  however,  only  acted  upon 
by  the  cyanide  at  a  temperature  above  150°  (302°  F.),  and  is  probably  con- 
verted into  monochlorethylene,  and  this,  perhaps,  unites  with  hydrocyanic  acid, 
forming  a-cyanochlorethaue,  CHjCl.CHg.CN,  which  is  subsequently  converted 
into  a-dicyanethane. 

2.  By  heating  a-iodopropionic  acid  with  an  aqueous  solution  of  potassic 
cyanide,  and  digesting  the  product  with  a  solution  of  potassic  hydrate  (v. 
Kichter,  Zeits,  Chem.,  1868,449). 

3.  By  oxidation  of  higher  terras  of  the  paraffin  series,  of  butyric  acid  and 
many  of  its  homologues,  and  of  many  other  carbon  compounds.  According  to 
Erlenmeyer,  Sigel  and  Belli  {Ann.  Chem.  Fharm.,  clxxx.  207),  butyric  acid  is 
converted  into  succinic  and  carbonic  acid  and  water  by  oxidation  with  nitric  acid, 
the  carbonic  acid  being  probably  the  product  of  the  further  oxidation  of  the 
succinic  acid ;  normal  caproic  acid  yields  succinic  and  acetic  acid.  In  neither 
case  is  oxalic  acid  produced.  The  amount  of  succinic  acid  obtained  from  butyric 
acid  is  very  small,  but  caproic  acid  furnishes  about  50  per  cent,  of  the  quantity 
which  can  be  formed  by  its  resolution  into  succinic  and  acetic  acid. 

4.  In  small  quantity  by  heating  bromacetic  acid  with  finely-divided  silver  at 
130°  (266°  F.)  (Steiner,  Deut.  chem.  Ges.  Ber.,  vii.  184). 

5.  By  heating  ethylic  acetosuccinate  (1827,  1833)  with  a  concentrated  alco- 
holic solution  of  potassic  hydrate. 

6.  By  heating  monhydroxy-  and  dihydroxy-succinic  acid  (malic  and  tartaric 
acid)  with  hydriodic  acid.  It  may  be  conveniently  prepared  by  this  method  by 
digesting  a  mixture  of  tartaric  acid  and  a  small  quantity  of  water  with  iodine 
in  a  retort,  adding  small  pieces  of  phosphorus  from  time  to  time  ;  the  hydriodic 
acid  acts  on  the  tartaric  acid,  forming  succinic  acid,  water  and  iodine,  but  the 
iodine  is  no  sooner  liberated  than  it  is  reconverted  into  hydriodic  acid,  which 
then  reduces  a  further  quantity  of  tartaric  acid. 

7.  By  the  combination  of  maleic  and  fumaric  acid  with  nascent  hydrogen. 

8.  As  a  product  of  fermentation.  Succinic  acid  is  a  constant  product  of  the 
fermentation  of  sugar  by  yeast,  the  amount  obtained  varying  from  about  '5  to  "j 
per  cent,  of  the  weight  of  the  sugar  (Pasteur,  Ann.  Chim.  Ph^s.,  i860  [3], 
Iviii.  323).  It  is  also  formed  in  the  conversion  of  alcohol  into  acetic  acid  under 
the  influence  of  the  M^coderma  aceti  (Pasteur).  Calcic  malate  furnishes  nearly 
one-third  its  weight  of  succinic  acid,  and  the  acid  may  be  advantageously  pre- 
pared by  fermenting  the  crude  calcic  malate  obtained  by  neutralizing  the 
expressed  juice  of  mountain  ash  berries  {Sorbus  Aucuparia)  with  calcic  carbonate : 
usually  the  product  consists  of  a  mixture  of  calcic  acetate  and  malate,  carbonic 
anhydride  being  evolved,  but  the  formation  of  calcic  lactate  has  often  been 
observed,  and  it  frequently  happens  that  hydrogen  is  evolved,  in  which  case  calcic 
butyrate  is  also  formed.  The  common  practice  is  to  add  yeast  or  decayed  cheese 
to  initiate  fermentation,  and  doubtless  the  formation  of  these  various  products  is 
in  a  great  measure  to  be  ascribed  to  the  presence  of  a  variety  of  ferments.  Fitz, 
in  fact,  has  found  {Deut.  chem.  Gea.  Ber.,  xi.,  1890)  that  if  a  solution  of  calcic 
malate,  to  which  small  quantities  of  the  necessary  mineral  salts  have  been  added, 
be  fermented  by  means  of  a  Bacillus  having  the  form  of  short  thin  rods,  a  mix- 
ture is  obtained  consisting  of  calcic  acetate  and  succinate  almost  in  the  propor- 
tions required  by  the  equation  30,Hp,=  2C,H^0^  + C,H^O,+ 200^  + OH^; 
whereas,  when  a  short  cylindrical  Bacillus  was  employed,  he  obtained  a 
mixture  of  calcic  propionate  and  acetate,  53*6  grams  of  malic  acid  giving 
about  18  grams  propionic  acid,  6  grams  acetic  acid  and  only  '07  grams 
succinic  acid,  together  with  5  grams  ethylic  alcohol.  According  to  the  same 
observer,  erythrol  yields  an  amount  of  butyric  and  succinic  acid  on  fermentation 


1842.]  SUCCINIC  ANHYDRIDE,  921?* 

almost  equal  to  that  required  if  two  raols.  are  converted  nto  a  single  mol. 
of  each  of  these  acids.  Very  small  quantities  of  succinic  acid  are  formed 
on  fermentation  of  mannitol  and  citric  acid  (Fitz).  Asparagine,  and  maleic, 
fumaric  and  aconitic  acids  also  yield  succinic  acid  on  fermentation. 

Succinic  acid  crystallizes  in  rhombic  or  hexagonal  plates 
belonging  to  the  monoclinic  system,  soluble  in  about  6  pts.  of 
water  at  i8°  (64°-4  F.)  (comp.  Bourgoin,  ibid.,  vii.  187)  ;  it  is  less 
soluble  in  alcohol,  and  almost  insoluble  in  ether.  It  melts  at 
i8o°'5  (356°'9  F.),  but  if  heated  in  an  open  tube,  or  on  a  flat 
surface,  it  sublimes  considerably  below  this  temperature,  giving 
off  fumes  productive  of  violent  coughing  if  inhaled ;  it  boils  at 
about  235°  (455°  F.),  being  resolved  into  succinic  anhydride  and 
water.  It  is  a  body  of  very  considerable  stability,  being  but 
slowly  and  imperfectly  acted  upon  by  most  oxidizing  agents :  it 
may,  however,  be  completely  converted  into  carbonic  acid  and 
water  by  prolonged  heating  with  nitric  acid  of  sp.  gr.  i'4  at 
1 60°— 180°  (320° — 356°  F.)  (Erlenmeyer,  Sigel  and  Belli).  It  is 
not  altered  even  by  heating  with  concentrated  sulphuric  acid ;  but 
phosphoric  anhydride  converts  it  into  succinic  anhydride.  "When 
carefully  fused  with  potassic  hydrate,  it  yields  a  mixture  of  pro- 
pionate and  carbonate;  according  to  Seekamp  {Ann,  Chem, 
Pharm.  cxxxiii,  253),  a  similar  decomposition  takes  place  on 
exposing  a  solution  of  uranic  succinate  to  sunlight.  On  electro- 
lyzing  a  concentrated  solution  of  sodic  succinate,  hydrogen  is 
evolved  at  the  negative,  and  a  mixture  of  ethylene  and  carbonic 
anhydride  at  the  positive  pole  (Kekule). 

Succinates. — The  metallic  derivatives  of  succinic  acid,  with  the  exception  of 
magnesic  succinate  and  the  ammonic  and  alkali-metal  salts,  which  are  easily 
soluble,  are  sparingly  soluble  in  water.  Calcic  succinate,  which  is  one  of  the 
most  characteristic,  is  gradually  deposited  in  small  needles  of  the  composition 
C^H^O^Ca  +  30112  on  mixing  cold  concentrated  solutions  of  calcic  chloride 
and  sodic  succinate ;  but  if  the  solutions  are  mixed  hot,  a  precipitate  is  imme- 
diately formed  of  the  composition  C^H^O^Ca  +  OH^.  Ferric  chloride  added  to  a 
solution  of  a  succinate  at  once  produces  a  reddish-brown  precipitate  of  a  basic  salt. 

Ethereal  salts  of  succinic  acid  are  readily  obtained  by  the  ordinary  methods. 
Ethylic  succinate,  CJlf>J^C^^^i  is  an  oily  liquid  boiling  at  about  217*' 
(422°-6  F.). 

(1842)  Succinic  Anhydride:  CJip^. — This  compound  is  formed  on 
distilling  succinic  acid  alone,  and  also  on  heating  it  with  phosphoric  pentoxide 
or  pentachloride,  or  with  acetic  chloride,  acetic  anhydride  or  succinic  chloride 
(Anschiitz,  Deut.  chem.  Ges.  Ber.,  x.  325,  1881);  it  is  usually  prepared  by  the 
a-id  of  phosphoric  pentachloride.  Succinic  anhydride  may  be  crystallized  from 
anhydrous  alcohol  apparently  without  change ;  boiling  water  reconverts  it  into 
the  acid.  It  melts  at  120°  (248°  F.),  and  boils  at  about  250°  (482°  F.). 
By  distillation  with  phosphoric  pentachloride  it  is  converted  into  succinic 
chloride,  G^J^COCY)^.  This  compound  crystallizes  when  cooled  to  0°  (32°  F.), 
and  boils  at  about   190^  (374°  F.);   it  is  readily  decomposed  by  water  and  by 


CH^.COSH 

CH^.CO 

=    1    '      >S  +  SH,. 

CH^.COSH  " 
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alcohol.  By  gradually  mixing  succinic  anhydride  with  baric  peroxide  and  a 
little  water,  a  solution  is  obtained  having  powerful  oxidizing  properties,  and 
which  is  decomposed  on  boiling  with  evolution  of  oxygen  and  formation  of  baric 
succinate  (Brodie,  Phil.  Trans.,  1863,  417). 

(1843)  Thio-deeivatives  of  Succinic  Acid. — By  heating  phenylic 
succinate,  Q^J^QOOC^^^,  prepared  by  the  action  of  succinic  chloride  on  phenol, 
with  a  solution  of  potassic  sulphydrate  in  anhydrous  alcohol,  it  is  converted  into 
phenol  and  the  salt  C2H^(C0SK)2.  This  salt  crystallizes  in  white  needles ;  it 
is  extremely  soluble  in  water,  and  also  dissolves  readily  in  alcohol  and  ether,  but 
the  solutions  rapidly  alter  in  contact  with  air ;  it  is  decomposed  by  acids  in  the 
following  manner  : 

CH^COSK 

I     "^  +   2HCI  =    2KCI  + 

CH,.COSK 

The  compound  C^H^O.^S  is  crystalline,  and  very  soluble  in  water,  alcohol  and 
ether ;  it  has  an  acid  reaction,  and  its  solution  yields  precipitates  with  a  number 
of  metallic  salts  (Weselsky,  ibid.,  ii.  518). 

(1844)  Ethylic  diacetosuccinate  :  CgHgOg  (CgH^)^. — This  compound  is 
formed  by  the  action  of  iodine  on  ethylic  acetosodacetate  (E-iigheimer,  ibid.,  vii. 
892): 

CO.CH,  CH  .CO.CH.COOCA 

21  +  1.2  =   2NaI  +1 

CHNa-COOC^H^  QB^^.CO.CYL.COOQ^B.^ 

It  crystallizes  in  rhombic  plates,  very  soluble  in  alcohol,  ether,  and  benzene; 
it  melts  at  about  77°  (i7o°'6  F.),  undergoing  partial  decomposition.  When 
boiled  with  dilute  sulphuric  acid,  it  yields  ethylic  alcohol  and  the  ethylic  salt  of 
carbuvic  acid:  C.H^O/C.H,),  +  OH,  -  C,H,.OH  +  C,H^O,(C,HJ  =  C3H^0,(C,H^) 
+  OHg,  together  with  carbuvic  acid,  CgHgO^,  and  an  acid  derived  from  car- 
buvic acid  by  the  withdrawal  of  the  elements  of  a  molecule  of  carbonic  anhy- 
dride :  CgHgOg  —  COg  =  CyHgOg,  this  latter  acid  being  identical  with  the  uvic  acid 
obtained  on  boiling  acetoformic  acid  with  a  solution  of  baric  hydrate  (1820 ; 
Harrow,  Jour.  Chem.  Soc.  Trans.,  1878,  425). 

(1845)  Action  op  Alkali  Metals  on  Ethylic  Succinate. — Fehling  in 
1 844  first  studied  the  action  of  alkali  metals  on  ethylic  succinate,  and  obtained  a  pro- 
duct of  the  empirical  formula  CgH^Og.  Geuther  subsequently  suggested  that  this 
compound  probably  stood  in  the  same  relation  to  the  parent  substance  as  ethylic 
acetoacetate  to  ethylic  acetate,  a  prediction  which  Hermann  has  since  confirmed. 
AccordingtoHermann(Jw«M^.i)i*., Tubingen,  1875;  Deut.  chem.  Ges.  Ber.,  viii. 
1039  ;  X.  107,  646 ;  comp.  Eemsen,  ibid.,  viii.  1408,  ix.  8)  potassium  dissolves  in 
ethylic  succinate  with  evolution  of  hydrogen  and  considerable  development  of 
heat ;  when  the  amount  of  metal  added  is  equal  to  from  one-fifteenth  to  one- 
tenth  of  the  weight  of  the  succinate,  a  brown-red  sticky  mass  is  obtained,  and 
further  action  becomes  almost  impossible.  It  is  not  advisable  to  heat  on  the 
water-bath,  as  this  causes  decomposition,  but  if  two  or  three  volumes  of  benzene 
be  added  and  the  mixture  heated  gently,  a  considerable  further  quantity  of 
potassium  can  be  dissolved  ;  the  entire  amount  added  should  not,  however,  ex- 
ceed one-sixth  of  the  weight  of  the  succinate.  The  solid  product  is  separated 
as  far  as  possible  from  the  liquid  by  filtration  under  reduced  pressure,  and  is 
then  decomposed  with  highly  dilute  hydrochloric  acid  ;  a  yellowish  coherent 
mass  of  the  consistency  of  very  soft  butter  is  thus  obtained,  which  may  be 
purified  by  pressing  between  folds  of  porous  paper,  washing  with  cold  alcohol, 
crystallizing  from  boiling  alcohol,  washing  with  water,  and  finally  recrystallizing 
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from  ether.  Sodium  acts  on  ethylic  succinate  less  violently  than  potassium,  but 
ultimately  furnishes  the  same  compound  ;  on  exposure  to  air,  the  immediate 
product  of  the  reaction  forms  a  pale  yellow  pulverulent  mass,  and  on  this  account 
sodium  is  preferable  to  potassium  notwithstanding  the  slowness  with  which 
it  acts. 

Ethylic  succinosuccinate  as,  for  want  of  a  better  name,  the  product  may  be 
termed,  appears  to  bear  the  relation  to  ethylic  succinate  indicated  by  the  foUow- 
ins:  formula  : 


CH^.COOC^H^  CH^.CO.CH.COOC^H, 

CH,.COOC,H^  CH^.CO.CH.COOaH 


2— -5  v.^^2'^^-^-^'^'^^^'^2-' 

It  crystallizes  with  considerable  facility,  separating  from  its  solution  in  ether 
or  benzene  by  slow  evaporation  in  large  well-formed,  glistening,  transparent, 
triclinic  prisms  ;  the  cryvstals  are  of  a  very  faint  greenish  colour,  except  in  one 
direction,  in  which  they  exhibit  a  pale-blue  colour.  It  is  easily  soluble  in  hot 
benzene,  alcohol,  or  ether,  but  only  slightly  soluble  in  these  liquids  at  the 
ordinary  temperature ;  mere  traces  only  are  dissolved  by  boiling  water,  but  it  is 
readily  soluble  in  alkalies,  forming  yellow  solutions,  from  which-  it  is  reprecipi- 
tated  unchanged  by  acids.  Its  solutions  in  neutral  media  exhibit  an  intense 
pale  blue  fluorescence,  very  similar  to  that  of  quinine  solutions,  but  there  are 
two  well-marked  minima  in  the  spectrum  of  the  emitted  light,  one  near  D, 
the  other  near  F,  whereas  there  is  only  a  single  minimum  between  D  and 
E  in  the  quinine  spectrum.  Ethylic  succinosuccinate  melts  at  127°  (26o°*6  F.), 
and  is  decomposed  at  a  slightly  higher  temperature.  It  dissolves  sodium  and 
potassium  with  evolution  of  hydrogen,  forming  metallic  derivatives,  which  are 
also  obtained  on  dissolving  it  in  solutions  of  the  hydroxides  of  these  metals  ; 
other  derivatives  may  be  prepared  from  these  by  double  decomposition  with 
various  metallic  salts  :  thus,  magnesic  sulphate  produces  a  deep  yellow-coloured 
precipitate  which  acquires  a  carmine-red  colour  when  freed  from  the  excess  of 
the  precipitant  by  washing  with  hot  water.  The  composition  of  these  metallic 
derivatives  has  not  yet  been  satisfactorily  ascertained. 

Ethylic  succinosuccinate  is  readily  decomposed  in  contact  with  alkalies,  but 
the  products  vary  according  as  the  solution  is  preserved  from  contact  with  the 
air  or  not.  In  the  former  case,  if  the  unaltered  succinosuccinate  be  precipitated 
after  about  two  hours  by  saturating  the  solution  with  carbonic  anhydride, 
and  the  filtered  liquid  be  acidulated  with  acetic  acid,  a  crystalline  precipitate  is 
thrown  down  which  appears  to  be  the  acid  ethylic  salt  of  succinosuccinic  acid ; 
this  compound  melts  at  98°  (2o8°'4F.)  with  evolution  of  carbonic  anhydride, 
being  converted  into  ethylic  succinopropionate  : 

CH^.CO.CH.COOH  CH.CO.CH, 

II  =   CO,    +     I    ^         I    ' 

CH,.CO.CH.COOC.,Hg  CH^.CO.CH.COOC.H^ 

On  adding  dilute  sulphuric  acid  to  the  filtrate  from  the  precipitate  caused 
by  acetic  acid,  a  second  precipitate  is  obtained,  which  probably  consists  of  suc- 
cinosuccinic acid.  The  filtrate  from  this  precipitate  contains  a  third  product 
not  yet  isolated,  but  on  distilling  the  residue  which  remains  on  evaporation, 
quinol  (hydroquinone)  or  paradihydroxy benzene,  O^J^OH)^,  is  obtained ;  and 
if  a  solution  of  ethylic  succinosuccinate  in  alkali  which  has  been  preserved  for  a 
considerable  time  out  of  contact  with  the  air  be  acidulated  with  sulphuric  acid 
and  then  treated  with  a  large  excess  of  bromine,  bromo-derivatives  of  qoinone 
are  obtained  in  large  quantity. 

3  So 
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If  the  alkaline  solution  of  succinosuccinate  be  exposed  to  the  air,  the  above 
described  decomposition-products  are  formed  together  with  others  varying 
according  to  the  length  of  exposure  ;  if  sulphuric  acid  be  added  when  the 
liquid  acquires  a  brown  colour,  a  precipitate  is  obtained  from  which  boiling 
w^ater  extracts  an  acid,  crystallizing  in  brownish-yellow  needles  of  the  composition 
CgH^Og  (COOH)^ ;  this  acid  yields  quinol  on  fusion  with  potassic  hydrate. 

Herrmann  has  also  made  the  important  observation  that  orthohydroxybenzoic 
or  salicylic  acid,  CgH^(OH)COOHy  is  formed  in  no  inconsiderable  quantity  on 
digesting  ethylic  succinate  with  an  excess  of  sodium  (?  without  heating)  for  a 
period  of  several  weeks. 

(1846)  IsosucciNic  Acid;  Methylmalonic  or  Ethane-j3- 
DiCARBoxYLic  AciD :  CH3.CH  (C00H)2. — Thls  acid  was  first 
obtained  by  H.  Miiller  from  ethylic  jS-cbloropropionate, 
CH3.CHCI.COOC2H5,  by  digesting  with  potassic  cyanide,  &c. 
{Jour,  Chew...  Soc.  [2]  ii.  109),  but  the  isomerism  of  the  acid 
thus  produced  with  ordinary  succinic  acid  was  first  recognised 
by  Wichelhaus  (^Ann.  Chem.  Pharm.,  Sup.  vi.  281)  and  v.  Ricbter 
(Zeits.  Chem.,  1868^  45 1)^  i*  ^^-s  since  been  studied  by  Byk 
(Jour.  pr.  Chem.  [2]  i.  19),  Schmoeger,  [ibid.  [2]  xiv.  77),  and 
Krestownikoff  (Deut.  chem.  Ges.  Ber.,  x.  409).  See  also  Zublin 
{ibid.  xii.  1112). 

Isosuccinic  acid  forms  colourless  prismatic  crystals  much 
more  soluble  in  water  than  succinic  acid ;  it  sublimes  even  below 
100°  (2I2°F.)  in  microscopic  plates,  and  melts  at  130°  (266° 
F.),  but  it  commences  to  decompose  a  few  degrees  above  100° 
(2 1 2°  F.)  and  on  distillation  is  completely  resolved  into  carbonic 
anhydride  and  propionic  acid  ;  when  rapidly  heated  on  platinum 
foil,  it  emits  irritating  vapours  like  those  of  succinic  acid. 

The  metallic  isosuccinates  are,  for  the  most  part,  much  more 
soluble  than  the  corresponding  succinates,  and  readily  decompose 
when  heated;  the  alkaline  isosuccinates  do  not  furnish  a  pre- 
cipitate with  ferric  salts.  Ethylic  isosuccinate  does  not  decompose 
even  at  a  temperature  of  350    (662    F.). 

(1847)  Propanedicarboxylic  acids:  C-HgO^  — CgHg  (COOHjg. 
The  four  dibasic  acids  which  theoretically  can  be  derived  from 
propane  are  all  known  : 

Propane-a-rlicarboxylic  acid CH,(COOH).CH„.CH,(COOH). 

Methylsuccinic  or  pyrotartaric  acid  ....  CH3.CH(COOH).CH2(COOH). 

Dimethylmalonic  acid (CH3)..C(C00H).,. 

Ethylmalonic  acid CHg.C'H^.CHlCOOH)^. 

Propane- a-dirarloxylic  or  glutaric  acid,  CH„(C00H).CH2  CH^CCOOH), 
maybe  prepared  from  the  dibromopropane  CHgBr.CH^.CH^Br,  by  the  ordinary 
method  (Lermontoff,  Ann.  Chem.  Pharm.,  clxxxii.  341  :  Reboul,  Ann.  Chim. 
J*7i;^s.[5],xiv.  455) ;  by  saturating  a  concentrated  aqueous  solution  of  glutanic  acid, 
C,H,(OH)(COOH),  with  hydriodic  acid  (Dittmar,  MarkownikoflP,  ibid.)  j  and  by 
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decomposing  with  a  concentrated  alcoholic  solution  of  potassic  hydrate  the  ethylic 
salt  obtained  by  the  action  of  ethylic  a-iodopropionate,  CH^I.CH^.COOC  H  ,  on 
ethylic  acetosodacetate  (Wislicenus  and  Limpach,  «6ic?.  cxcii.  128).  U  is  ex- 
tremely soluble  in  water,  and  only  slightly  less  soluble  in  ether,  but  nevertheless 
crystallizes  very  readily  in  large  transparent  broad  four-sided  prisms,  melting  at 
95°— 98°  (203°— 2o8°-4  F.)  If  rapidly  and  strongly  heated,  it  distils  almost 
unchanged  at  290°  (554°  F.) ;  but  if  slowly  distilled,  it  is  partially  resolved 
into  the  anhydride  and  water,  passing  over  almost  entirely  below  285°  (545°  F.). 
The  anhydride  may  be  obtained  by  treating  the  silver  salt  of  the  acid  with 
an  ethereal  solution  of  acetic  chloride,  distillation  of  the  acid  with  phosphoric 
anhydride  yielding  unsatisfactory  results ;  it  crystallizes  in  small  needles,  melting 
^*  57°  (i34°"6  ^•)f  ^"d  boils  with  partial  decomposition  at  282° — 285°(539°'6 
— 545°  F.)  (Markownikoff,  Deut.  chem.  Ges.  Ber.,  x.  1103). 

The  most  characteristic  salt  of  this  acid  is  the  zincic  salt,  which  is  less 
soluble  in  hot  than  in  cold  water,  so  that  if  a  cold  solution  of  the  acid  be 
saturated  with  zincic  carbonate  and  then  warmed,  this  salt  is  deposited  as  a 
granular  precipitate,  which  under  the  microscope  is  seen  to  consist  of  rect- 
angular plates  with  re-entering  angles  at  the  opposite  smaller  sides  of  the  quad- 
rangle. 

Methylsuccinic  or  pyrotartaric  acid,  CH3.CH(COOH).CH2(COOH),  is  ob- 
tained by  dry  distillation  of  tartaric  acid,  especially  if  the  latter  be  mixed  with 
powdered  pumice,  or  by  heating  it  with  concentrated  hydrochloric  acid  at  180" 
(356°  F.)  (Geuther  and  Reimann,  Zeits.  Chem.,  1869,  318);  by  the  action  of 
heat  on  glyceric  acid  (Moldenhauer)  and  acetoformic  acid ;  from  /3-dibromopropane 
or  propylenic  bromide,  CHg.CHBr.CH^Br  (Maxwell-Simpson;  comp.  Lebedeff", 
Ann.  Chem.  Pharm.,  clxxxii.  327) ;  by  the  action  of  nascent  hydrogen  on  citra-, 
ita-  and  mesaconic  acid,  the  three  isomeric  acids  of  the  formula  C3H^(C00H^) ; 
by  heating  allylic  iodide  with  potassic  cyanide,  and  decomposing  the 
resulting  dicyanopropane  by  boiling  with  alkali :  apparently  the  iodine  is  dis- 
placed by  the  group  CN  and  at  the  same  time  a  molecule  of  hydrocyanic  acid 
is  added  on:  CH  — CH.CHJ  +  KCN  +  HCN  =  CH3.CH(CN).CH2(CN)  +  KI 
(Glaus,  ibid.,  cxci.  37);  by  the  action  of  a  concentrated  alcoholic  solution  of 
potassic  hydrate  on  ethylic  acetomethylsuccinate  (1827;  Kressner,  ibid.,  cxcii. 
135);  and  lastly  by  fusing  gamboge  with  potassic  hydrate  (Hlasiwetz  and 
Barth,  ibid.,  cxxxviii.  68). 

Methylsuccinic  acid  crystallizes  in  rhombic  prisms,  melting  at  112° 
(233°'6  F.).  If  it  be  rapidly  heated  to  its  boiling  point  and  distilled,  it  is 
completely  resolved  into  water  and  methylsuccinic  anhydride,  CgHgO^,  a  colour- 
less liquid  boiling  at  245°;  but  if  it  be  heated  for  some  time  at  about  200° 
(392°  F.),  it  is  only  partially  decomposed  in  this  manner,  a  small  portion  being 
resolved  into  carbonic  anhydride  and  butyric  acid  (Glaus,  Deut.  chem.  Ges. 
Ber.,  viii.  100).  Methylsuccinic  acid  does  not  furnish  propylene  on  electrolysis 
(Reboul  and  Bourgoin,  Gompt.  Bend.,  Ixxxiv.  1231). 

Dimethylmalonic  acid,  (CIl3)2G  (COOH)^.  prepared  from  dimethylbromacetic 
(bromisobutyric)  acid,  crystallizes  in  four-sided  prisms,  difficultly  soluble  in 
alcohol,  and  also  less  soluble  in  water  than  the  isomeric  acids.  It  sublimes  at 
about  120°  (248°  F.)  in  white  needles,  and  melts  at  about  170°  (338°  F.), 
being  resolved  into  carbonic  anhydride  and  dimethacetic  acid.  This  acid  is 
remarkably  stable  in  presence  of  oxidizing  agents,  scarcely  being  affected  by 
boiling  with  potassic  dichromate  and  sulphuric  acid  or  by  evaporation  with 
dilute  nitric  acid  (Markownikoff,  Ann.  Chem.  Pharm.,  clxxxii.  336). 

Ethylmalonic  acid,  G2H^.GH(COOH)2,  prepared  by  heating  ethylic 
bromobutyrate  with  an  alcoholic  solution  of  potassic  cyanide,  &c..  crystallizes  in 
rhombic  prisms  melting  at  112*  (233°'6  F.) ;  it  decomposes  into  butyric  acid 
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and  carbonic  anhydride  when  heated  at  about  160°  (320°  F.)  (Wislicenus  and 
TJrech,  ibid.,  cxlv.  93;  Markownikoff,  ibid.,  clxxx.  329;  comp.  Conrad, 
Deut.  chem.  Ges.  Ber.,  xii.  751). 

(1848)  Tetranedicarboxylic  acids:  CgHjQ0^=C^Hg(C00H)2. 
— Only  four  of  these  acids  are  satisfactorily  known,  viz. : 

Tetrane-a-dicarboxylic  (adipic)  acid     .     .  CH,(C00H).CH,.CH2.CH^(C00H). 

Methylpropane-a-dicarboxylic  acid  .     .     .  CH3.CH(COOH)"CH2.CH„(COOH). 

a-Dimethylsuccinic  acid CH3.CH(COOH).CH(COdH).CH3. 

Ethylsuccinic  acid C,H..CH(C00H).CH2(C00H). 

Laurent  first  obtained  adipic  acid  by  oxidizing  oleic  acid  with  nitric  acid, 
and  it  was  subsequently  prepared  in  a  similar  manner  from  various  fatty  sub- 
stances, such  as  tallow,  linseed  oil,  wax  and  spermaceti,  and  from  the  mixture 
of  solid  acids  of  the  acetic  series  produced  by  saponifying  cocoa-nut  oil ;  other 
homologous  acids  are  formed  at  the  same  time,  however,  from  which  it  is 
difficult  to  separate.  The  acid  thus  produced  is  shown  to  be  tetrane-a- 
dicarboxylic  acid  by  the  formation  of  an  identical  substance  by  the  action  of 
finely  divided  silver  (prepared  by  reducing  the  precipitated  chloride  with  pure 
zinc)  on  a-iodopropionic  acid   (Wislicenus,  Ann,  Chem.  Fharm.,  cxlix.  220)  : 

2  CH J .  CH, .  GOOH  +  2 Ag  -  2 Agl  +  CH,(COOH) .  CH^.CH,.  CH,(COOH). 

According  to  Crum-Brown,  adipic  acid  is  formed  on  reducing  mucic  acid, 
C^H^(0Ii)^(C00H)2,  by  heating  it  with  hydriodic  acid,  and  it  is  also  pro- 
duced by  treating  muconic  and  hydromuconic  acids  with  sodium  amalgam 
(Limpricht).  It  crystallizes  in  colourless  glistening  plates  or  prisms,  melting  at 
148°  (2  98°'4  F.),  easily  soluble  in  alcohol,  ether,  and  hot  water.  Its  ammonic  salt 
crystallizes  with  great  facility  in  large  rhombic  plates :  a  solution  of  this  salt 
furnishes  a  crystalline  precipitate  w^ith  calcic  chloride  on  heating ;  crystalline  preci- 
pitates are  also  gradually  formed  on  mixing  it  with  zincic  and  cadmic  sulphate,  and 
it  yields  a  brown-red  precipitate  with  ferric  chloride.  According  to  Ivachler  {ibid., 
clxiv.  79;  dxvi.  320),  anisomerideof  adipic  acid  is  formed  on  oxidizing  camphorone. 
a-JDimethylsuccinic  acid  is  obtained  by  decomposing  ethylic  acetodimethyl- 
succinate  (1826)  with  potassic  hydrate,  &c.  (Hardtrauth,  ibid.,  cxcii.  142).  It 
is  a  crystalline  acid  melting  at  166°  (330°"8  F,).  The  same  acid  is  probably 
formed  on  treating  /3-bromopionic  acid,  CHg.CHBr.COOH,  with  finely  divided 
silver  (Wislicenus,  Deut.  chem.  Ges.  Ber.,  ii.  720);  and  by  similarly  treating 
iSj-dichloropropionic  acid  and  reducing  the  resulting  dichloro-acid  of  the  formula 
CgHgCl,0^  (Beckurts  and  Otto,  ibid.,  x.  1503). 

Methylpropane-a-dicarboxylic  acid,  obtained  by  decomposing  the  ethylic 
salt  formed  from  ethylic  a-iodopropionate  and  ethylic  acetosodmethacetate  with 
potassic  hydrate,  melts  at  76°  (i68°*8  F.). 

Ethylsuccinic  acid  has  been  prepared  by  decomposing  ethylic  /S-acetoethyl- 
succinate  with  potassic  hydrate.  It  crystallizes  in  fine  prisms,  extremely 
soluble  in  water  and  alcohol,  melting  at  98°  (2o8°'4  F.)  (Huggenberg,  Ann. 
Chem.  Pharm.,  cxcii.  146). 

(1849)  Pentanedicaeboxylic  Acids:  C^'R^p^  =  Qfi^JlCOQiK)^. — Various 
chemists  have  stated  that  an  acid  of  the  formula  CyH^^O^,  which  has  been  termed 
pimelic  acid,  is  produced  on  oxidizing  a  number  of  fatty  substances,  but  the 
descriptions  given  of  the  products  are  very  discrepant,  and  the  formation  of  such 
an  acid  is  at  present  doubtful  (comp.  Kachler,  ibid.,  clxix.  168).  Hlasiwetz 
and  Grawbowski  have  found,  however,  that  an  acid  of  this  formula  is  obtained 
on  fusing  camphoric  acid  (1687)  with  potassic  hydrate,  and  their  observa- 
tions have  been  confirmed  and  extended  by  Kachler  {lac.  cit.).  An  apparently 
identical  acid  is  obtained  by  acting  on  amylenic  bromide  with  a  mixture  of 


I  851.]  SUBERIC    ACID. 


933 


potassic  cyanide  and  hydrate  (Bauer  and  Schuler,  Deut.  chem.  Ges.  Ber.,  x. 
2031).  The  acid  from  camphoric  acid  usually  crystallizes  in  perfectly  trans-* 
parent  hard  crystalline  crusts,  but  may  be  obtained  in  isolated  triclinic  prisms ; 
it  melts  at  114°  (237°-2  F.),  and  is  converted  into  water  and  the  corresponding 
anhydride  on  distillation.  On  adding  calcic  chloride  to  an  ammoniacal  solution 
of  the  acid  and  heating,  the  calcic  salt  is  precipitated  as  a  sandy  crystalline 
powder ;  this  behaviour  is  highly  characteristic.  From  the  manner  in  which  it 
is  decomposed  on  distillation,  it  would  appear  probable  that  the  carboxyl  groups 
in  this  acid  are  associated  with  contiguous  carbon  atoms. 

An  isomeric  acid,  which  probably  is  the  normal  or  pentane-a-dicarboxylic 
acid,  CH,(COOH).(CHJ3.CH2(COOH),  is  obtained  by  oxidizing  suberone 
(1850)  with  nitric  acid  (Dale  and  Schorlemmer,  Jbwr.  Chem.  Soc,  xxvii.  935), 
and  by  heating  furonic  acid,  C^HgO^,  with  hydriodic  acid  (Baeyer,  Deut.  chem. 
Ges.  Ber.,  x.  1358).  It  crystallizes  in  large  transparent  rectangular  mono- 
clinic  plates,  melting  at  103°  (2i7°-4);  its  most  characteristic  salt  is  also  th^ 
calcic  salt,  which  separates  on  boiling  its  concentrated  solution  as  a  granular 
flocculent  precipitate,  which  redissolves  on  standing  if  the  solution  has  not 
become  too  concentrated. 

Diethylmalonic  acid,  {^^H^^i^OO']^^,  according  to  Conrad  {iUd.,  xii. 
749),  melts  at  102°  (233°6  F.). 

(1850)  Hexanedicaeboxylic  Acids  :  CgH^^O^  =  CgH  JCOOH)^.— Only 
two  of  these  acids  are  known  with  certainty, — viz.,  suberic  acid,  which  is  probably 
the  normal  or  hexane-a-dicarboxylic  acid,  and  tetramethylsuccinic  acid. 

Suberic  acid  was  first  prepared  by  oxidizing  cork  {suher)  by  prolonged 
boiling  with  nitric  acid,  and  was  subsequently  obtained  as  a  product  of  the 
oxidation  of  a  number  of  fatty  substances  and  oils ;  it  is  best  prepared  from 
castor  oil  (comp.  Arppe,  Ann.  Chem.  Pharm.,  cxxiv.  86).  Suberic  acid 
crystallizes  in  long  needles  or  six-sided  plates,  sparing  soulble  in  cold  water  and 
ether,  but  easily  in  boiling  water;  it  melts  at  140°  (284°-  F.),  and  sublimes 
between  150°  and  160°  (302° — 320°  F.),  with  partial  decomposition,  in  slender 
needles.  It  yields  a  small  quantity  of  hexane  on  distillation  with  excess  of 
baric  hydrate  (Dale,  Jour.  Chem.  Soc.  xvii.  258)  ;  and  on  distillation  with 
calcic  hydrate  it  is  converted  into  suberone,  the  corresponding  ketone  (Dale  and 
Schorlemmer,  «6«c^.,  xxvii.  935;  ibid.,  Trans.  1879,  683): 

CH^.CH^.CH,,COO,  CH^.CH^.CH^^ 

I  '       '         \Ba    =    BaC03    +     |     '       '       VO. 

fc  CH^.CH,.CH,.COO^  CH^.CH^.CH/ 

^  Tetramethylsuccinic  acid,  0{QB.^)lGOO'R).Q{Qn^)J^0OOn)^,  is  obtained 
as  ethylic  salt  on  heating  ethylic  dimethylbromacetate  (bromisobutyrate), 
CBr(CH3)2.COOC.^H5,  with  finely  divided  silver.  The  acid  itself  crystallizes  in 
small  aggregates  of  quadratic  plates,  melting  at  95°  (203°  F.)  ;  it  is  extremely 
soluble  in  alcohol,  ether,  and  hot  water.  Diethylsuccinic  acid  has  been  prepared 
in  a  similar  manner  from  ethylic  bromobutyrate,  but  not  yet  described  (Hell  and 
Wittekind,  Deut.  chem.  Ges.  Ber.  vii.  319). 

(1851)  AzELAic  Acid  ;  lepargylic  or  anchoic  acid,  CgHjgO^  = 
CyH^^(C00H)2,  is  formed  with  other  acids  of  the  series  on  oxidation  of 
many  fatty  substances  and  cork,  and  is  the  chief  solid  acid  produced  on  boiling 
castor  oil  with  nitric  acid  (Arppe  ;  comp.  Grote,  Ann.  Chem.  Pharm.,  cxxx.,  207)  ; 
it  is  also  formed  on  oxidation  of  stearolic  acid  (comp.  Limpach,  ibid.,  cxc.  294). 
It  crystallizes  in  large  lustrous  plates  or  flattened  needles,  very  sparingly 
soluble  in  cold  water,  but  without  difiiculty  in  hot  water,  alcohol,  and  ether :  it 
melts  at  106°  (2  22°-8  F.).  When  distilled  with  baric  hydrate,  it  yields  normal 
heptane  (Dale  and  Schorlemraer,  Jour.  Chem.  Soc.  Trans.,  1879,  ^^S)-  % 
heating  butyrofuronic  acid  with  hydriodic  acid,  an  acid  which  appears  to  be  the 
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normal  pimelic  acid  is  produced;  it  melts  at  118°  (2448-4  F.)  (Toennies,  Deut. 
chem.  Ges.  Ber.,  xii.  1200). 

(1852)  Sebacic  or  Sebic  Acid;  IpomcBic  acid,C^fL^fi^  =  0^^,XQ0OK\, 
is  formed  in  small  quantity  by  the  dry  distillation  of  many  fatty  bodies,  or  by 
their  oxidation  with  nitric  acid,  but  is  best  prepared  by  heating  the  soap  formed 
by  treating  castor  oil  with  an  excess  of  sodic  hydrate  (corap.  Neison,  Jour. 
Chem.  Soc,  xxvii.  301  ;  Witt,  Deut.  chem.  Ges.  Ber.,  vii.  219).  It  crystal- 
lizes in  long  feathery  needles  or  thin  brilliant  laminse,  soluble  in  1500  parts 
of  water  at  10°  (50°  F.),  or  in  50  parts  boiling  water,  and  easily  soluble  in 
alcohol  and  ether;  it  melts  at  127°  (260°  F.).  When  distilled  with  baric 
hydrate,  it  yields  octane,  and,  among  other  products,  cetylic  alcohol,  C^gHgj.OH, 
which  itself  furnishes  sebacic  acid  on  oxidation  (Schorlemmer,  ibid.,  iii.  616). 
The  sebates  have  been  carefully  examined  by  Neison  (loc.  cif.). 

(1853)  Beassyltc  Acid,  C^^H^^0^  =  C2H^3(C00HX,  is  said  to  be 
formed  on  oxidation  of  behenolic  acid  with  nitric  acid ;  it  crystallizes  in  scales 
melting  at  109°  (228°-2  F.),  and  only  slightly  soluble  even  in  boiling  water. 

(1854)  KocELLic  Acid,  C^^R^fi^^  C^^UJCOOU)^,  an  acid  contained 
in  the  lichens  JRocella  tinctoria  and  Lecanora  tartarea,  crystallizes  in  colourless 
prisms  melting  at  132°  {26g°'6  F.) ;  it  is  said  to  yield  an  anhydride  on 
distillation. 

(1855)  Haloid  Derivatives  of  the  Acids  of  the  Succinic 
Series. — Very  few  haloid  derivatives  have  been  prepared  by  the 
direct  action  of  halogens  on  the  acids  of  the  succinic  series  ; 
most  of  those  which  are  known  have  been  obtained  by  combining 
acids  of  the  C^^Hg^  — 2(COOH)2series  with  haloid  acids  and  halogens. 

Malonic  Acid  Derivatives. — On  treating  an  aqueous  solution  of  malonic 
acid  with  bromine,  chiefly  bromo- derivatives  of  acetic  acid  are  produced,  but  if 
the  reacting  substances  are  dissolved  in  chloroform,  dihromomalonic  acid, 
CBr,(C00H)2,  is  obtained;  it  crystallizes  in  needles  melting  at  127°  (26o°'6  F.) 
(Petrieff,  Deut.  chem.  Ges.  Ber.,  vii.  400 ;  viii.  730;  xi.  414). 

Succinic  Acid  Derivatives. — A  monobromo-  and  two  isomeric  dibromo- 
derivatives  of  this  acid  are  formed  on  heating  it  with  bromine  and  water; 
the  monobromo-acid  being  chiefly  produced  when  a  considerable  amount  of 
the  latter  is  present  (Kekale,  Carius).  Monohromosuccinic  acid  is  more 
easily  prepared,  however,  by  heating  fumaric  acid  with  a  solution  of  hydrobromic 
acid  saturated  at  0°  (32°  F.);  it  crystallizes  in  hard  glistening  octahedra,  melting 
^^  ^59  (3i8°"2  F.),  easily  soluble  in  water;  it  is  reconverted  into  fumaric 
acid  by  boiling  with  a  modei-ately  concentrated  solution  of  hydrobromic  acid 
(Fittig  and  Dorn,  Ann.  Chem.  Pharm.,  clxxxviii.  87). 

Dibromosuccinic  acid  may  also  be  obtained  by  combining  fumaric  acid  with 
bromine,  or  broraomaleic  acid  with  hydrobromic  acid,  and  by  heating  succinic 
chloride  with  bromine  and  decomposing  the  product  with  water  (Perkin  and 
Duppa) ;  it  crystallizes  in  colourless  prisms,  only  sparingly  soluble  in  cold, 
but  easily  in  hot  water;  it  decomposes  without  fusing  when  heated  above  200° 
(392  F.)  ;  when  boiled  with  water,  it  is  completely  resolved  into  hydrobromic 
acid  and  bromomaleic  acid,  Q,^Bv{C0OE),^  (Fittig  and  Petri,  ibid.,  cxcv,  56). 
Isodibromosuccinic  acid  is  produced  on  combining  maleic  acid  with  bromine  or 
bromofumaric  acid  with  hydrobromic  acid ;  it  forms  large  transparent  crystals, 
melting  at  160°  (320°  F.),  much  more  soluble  in  water  than  its  isoraeride  ; 
when  heated  with  water,  it  yields  bromofumaric  acid.  Both  bromomaleic  and 
bromofumaric  acids  combine  with  bromine  forming  the  same  tribromosuccinic 
acid;  this  crystallizes   in    bundles   of  small   short   prisms,  melting   at    137° 
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(2  78°'6  F.),  extremely  soluble  in  water  ;  when  boiled  with  water,  it  is  resolved 
into  hydrobromic  acid,  carbonic  anhydride  and  dibromacrylic  acid  (Fittig  and 
Petri,  loc.  cit.)  :  C,HBr3(C00H)^  =  CO,  +  HBr  +  C^HBr^.COOH. 

Isosuccinic  Acid  Derivatives. — Monobromisosuccinic  acid  is  very  readily 
obtained  on  heating  isosuccinic  acid  with  water  at  100°  (212°  F.);  it  crystallizes 
in  well-formed  extremely  deliquescent  prisms  (Byk,  Schmoeger,  Jour.  pr.  Chem. 
[2],  xiv.  80). 

Methylsuccinic  Acid  Derivatives. — A  number  of  these  have  been  obtained  by 
the  addition  of  haloid  acids  and  halogens  to  the  three  isomeric  acids  of  the  formula 
€311^(00011)2,  citra-,  ita-  and  mesaconic  acid  ;  when  submitted  directly  to  the 
action  of  bromine,  methylsuccinic  or  pyrotartaric  acid  chiedy  furnishes  bodies 
resulting  from  the  decomposition  of  its  bromo-derivatives  (comp.  Bourgoin,  Ann. 
Chim.  P%5.  [5],  xii.  419).  Mesachloropyrotartaric  acid,  Cfif,\{QOOR)^, 
is  formed  both  from  citraconic  and  mesaconic  acid;  it  crystallizes  in  small 
shining  plates,  melting  at  129°  (264°  F.);  when  heated  with  water  it 
yields  mesaconic  acid.  Itachloro'pyrotartaric  acid,  obtained  by  combining 
itaconic  acid  with  hydrochloric  acid,  melts  at  140° — 145°  (284" — 293°  F.), 
and  is  converted  into  itamalic  acid  {q.  v.),  C3H.(OH)(COOH)2,  when  boiled  with 
water.  The  corresponding  bromo-acids  crystallize  well,  and  melt  respectively  at 
148°  (298°-4  F.)  and  137°  (278°'6  F.)  (comp.  Fittig  and  Landolt,  Ann.  Chem. 
Fharm.,  clxxxviii.  71).  Citraconic  and  mesaconic  acids  combine  with  bromine 
forming  isomeric  dibromopyrotartaric  acids  which  crystallize  well ;  the  citra- 
acid  melts  at  150°  (302°  F.),  the  mesa-acid  at  170°  (338°  F.),  and  the  former 
is  twice  as  soluble  as  the  latter  in  water ;  both  are  decomposed  by  boiling  with 
water,  yielding  bromomethacrylic  acid,  carbonic  anhydride  and  water  (comp.  Fittig 
and  Landolt).  A  third  isomeride  is  obtained  from  itaconic  acid,  and  is  distin- 
guished by  its  conversion  into  itatartaric  acid  {q.  v.),  C.HgOg,  by  the  action  of  bases. 

Adipic  Acid  Derivatives. — Mono-  and  dibromadipic  acids  have  been  obtained 
by  heating  adipic  acid  with  bromine,  but  not  prepared  in  the  pure  state  (Gal  and 
Gay-Lussac).  By  adding  bromine  to  a  solution  of  hydromuconic  acid  in  acetic 
acid,  a  dibromadipic  acid,  C^HgBr^O^,  is  formed,  which  crystallizes  in  nodular 
groups  of  needles,  melting  at  about  180°  (356°  F.)  with  decomposition;  and  by 
heating  hydromuconic  acid  with  water  and  bromine,  tri-  and  tetrabromadipic 
acids  have  been  produced  (Limpricht,  ibid.,  clxv.  264). 

§  IV.  Amido-  and  Hydroxy-Acids  derived  from  the 
Acids  of  the   Succinic  Series. 

So-called  amidomalonic  acid,  asparagine,  and  asparaginic 
and  glutaminic  acids  are  the  only  compounds  at  present  known 
which  may  be  regarded  as  amido-derivatives  of  acids  of  the 
succinic  series;  it  will  be  noticed  that  in  many  respects  they 
closely  resemble  the  glycines  derived  from  the  acids  of  the 
acetic  series,  and  they  may,  in  fact,  be  regarded  as  their 
carboxylated  derivatives. 

(1856)  Amidomalonic  or  Glycinecarboxylic  Acid,  Cgll^NO^,  is  obtained  by 
the  action  of  nascent  hydrogen  or  nitrosomalonic  acid,  a  crystalline  acid  obtained 
by  the  action  of  hydrating  agents  on  nitrosobarbituric  (violuric)  acid  (Baeyer, 
Ann.  Chem.  Pharm.,  cxxxi.  291): 

CH(NO).COOH  CH(NH.).COOH 

I  +    4H   =      1     I  +  OH,. 

COOH  CO.O 
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It  crystallizes  from  an  aqueous  solution,  concentrated  by  evaporation  in 
vacuo,  in  irregular  glistening  prisms ;  it  decomposes  when  heated  either  alone 
or  in  aqueous  solution,  yielding  glycine  and  carbonic  anhydride. 

(1858)  AsPARAGiNE  ;  p-alamne-a-Carhonamide :  C^HgN^Og. —  This 
substance  was  originally  discovered  in  the  juice  expressed  from  asparagus 
shoots,  but  has  since  been  shown  to  exist  ready-formed  in  a  large  number  of 
plants  (comp.  Husemann,  Die  PJlanzenstoffe),  It  is  especially  abundant  in 
the  young  shoots  developed  on  germination  of  leguminous  seeds,  being 
doubtless  a  product  of  the  decomposition  of  the  albuminoid  bodies  so  largely 
stored  up  in  seeds  of  this  order;  thus,  according  to  Schulze  and  Umlauft 
{Landwirisch.  VersucJis  Stationen,  xviii.  i),  no  less  than  about  one-fifth 
of  the  dry  weight  of  young  seedlings  of  iw^*wM*  luteus,  10  to  12  centimetres 
in  height,  grown  in  distilled  water  in  the  dark,  consists  of  asparagine.  It  has 
been  stated  that  the  amount  produced  on  germination  varies  according  as  the 
plant  is  grown  in  the  dark  or  exposed  to  light,  but  this  does  not  appear  to  be  the 
case  (comp.  Sachse,  Die  Chemie  der  Farhstoffe,  Kohlehydrate  and  Protein- 
suhstanzen).  Asparagine  may  be  directly  separated  by  crystallization  from  the 
juice  expressed  from  asparagus  shoots,  young  vetch  plants,  <fec.,  its  preparation 
being  much  facilitated  by  submitting  the  juice  to  diffusion  previous  to  concentra- 
tion. It  forms  colourless,  hard,  brittle,  four-sided  rhombic  prisms  of  the  formula 
C^HgNgOg  +  OH2,  soluble  in  about  1 1  pts.  of  cold  water,  and  4*5  pts.  of  boiling 
water,  but  almost  insoluble  in  alcohol.  Asparagine  exhibits  all  the  properties 
of  the  glycines  (17  71)  combining  with  acids  to  form  salts  such  as  the 
hydrochloride  C^HgNgOgCl,  and  with  metallic  salts  like  argentic  nitrate  ;  it 
also  furnishes  metallic  derivatives  with  the  less  positive  metals,  and  prevents  the 
precipitation  of  cupric  hydrate  from  cupric  salts  by  alkalies  (comp.  Hofmeister, 
Ann.  Chem.  Pharm.,  clxxxix.  6).  The  solution  of  asparagine  in  water  or 
alkalies  exercises  Isevorotatory  action  on  polarized  light,  but  its  compounds  with 
mineral  acids  are  powerfully  dextrorotatory  (comp.  Pasteur,  Ann.  Chem.  Phys.  [3], 
xxxi.  67)  J  neither  its  absolute  specific  rotatory  power  nor  its  apparent  specific 
rotatory  power  in  solutions  of  different  strengths  has  been  determined,  however. 
The  addition  of  acetic  acid  destroys  the  rotatory  power  of  asparagine  (Champion 
and  Peclet,  Compt.  Pend.,  Ixxxii.  819). 

(1858)  AsPAEAGiNic  or  AspAETic  AciD :  ^-alauine-a-carhoxylic 
acid  :  O^HyNO^. — This  acid  is  formed  on  boiling  asparagine  with  acids  or 
alkalies,  and  also  by  the  action  of  hydrating  agents  on  albuminoid  substances 
both  of  animal  and  vegetable  origin ;  it  is  contained  in  somewhat  considerable 
quantity  in  beet-sugar  molasses.  It  crystallizes  in  small  rhombic  prisms 
considerably  less  soluble  than  asparagine  in  water  ;  it  is  converted  into  malic 
or  hydroxysuccinic  acid  by  nitrous  acid,  and  into  succinic  acid  by  fermentation. 
Asparaginic  acid  combines  with  mineral  acids  in  the  same  molecular  proportions 
as  asparagine ;  but  it  iurnishes  two  series  of  metallic  derivatives  of  the  forms 
C.H.NO^M'  and  C^H,NO,M' .    Its  most  characteristic  metallic  derivative  is  the 
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copper  salt  2C^H(.CuN0^  +  pOH^,  which  may  be  advantageously  used  m 
•  preparing  the  pure  acid  :  for  this  purpose  a  warm  aqueous  solution  of  the 
impure  acid  is  mixed  with  cupric  acetate  and  allowed  to  cool ;  it  crystallizes  in 
pale-blue  aggregates  of  very  fine  needles,  difficultly  soluble  in  hot  water,  but 
moderately  soluble  in  boiling  dilute  acetic  acid.  This  salt  may  be  dissolved  in 
alkali  without  the  precipitation  of  cupric  hydrate  (Hofmeister,  loc.  cit.). 
Asparaginic  acid  reduces  Fehling's  solution.  The  metallic  derivatives  of 
asparaginic  acid  are  Isevorotatory,  but  its  compounds  with  acids  are  dextroro- 
tatory (Pasteur);  exact  observations  of  their  absolute  specific  rotatory  power  and 
of  their  apparent  specific  rotatory  power  in  solutions  of  different  strengths  are 
wanting. 
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An  optically  inactive  modification  of  asparaginic  acid  is  obtained  on  heating  the 
acid  amnionic  saltoffumaric,maleic  or  malic  acid  at  i8o° — 200°  (356 — 392°^.), 
and  boiling  the  residue  with  hydrochloric  acid.  It  closely  resembles  the  active 
acid,  but  is  somewhat  more  soluble  in  water  (Dessaignes,  Pasteur). 

The  relation  of  asparagine  and  asparaginic  acid  to  each  other  and  to  succinic 
acid  is  most  probably  expressed  by  the  following  forraulee : 

CH^.COOH  CH^.CO(NH,)      CH, 

CH,.COOH  CH.NH3  CH.NH,  CH.NH, 

I  II  II  II 

CH^.COOH  CO.O  CO.O  CO.O 

Succinic  acid.  Asparaginic  acid,.         Asparagine.  j8- Alanine. 

(1859)  Glutaminic  Acid;  Tetraneglycinecarhoxylic  Acid:  CgllgNO^.— 
This  acid  was  first  obtained  by  Ritthausen  {Jour.pr.  Chem.,  xcix.  454 ;  cvii.  218) 
by  boiling  gluten  with  dilute  sulphuric  acid,  but  it  appears  to  be  a  product  of 
the  action  of  hydrating  agents  on  albuminoid  substances  generally,  both  animal 
and  vegetable,  although  the  amount  obtained  from  different  albuminoids  varies 
greatly  (comp.  Ritthausen  and  Kreusler,  ibid.  [2],  iii.  314).  It  has  also  been 
separated  from  mangold- wurzel  juice  and  the  juice  of  young  pumpkins  which  had 
been  boiled  with  hydrochloric  acid  (Schulze  and  Barbieri,  Jour.  Chem.  Soc, 
1877,  ii.  324;  Schulze  and  Urich,  ibid.,  1878,  i.  84);  the  original  juice 
doubtless  contains  glutamine,  the  unknown  amide  corresponding  to  asparagine, 
which  will  probably  in  many  cases  be  found  to  accompany  asparagine. 

Glutaminic  acid  crystallizes  in  laminae  and  rhombic  tetrahedra  soluble  in 
TOO  pts.  of  water  at  16°  (6o°-8  F.);  according  to  Ritthausen,  it  melts  at  about 
140°  (275° — 284°  F.)  with  partial  decomposition,  but  according  to  Hofmeister  at 
185°  (365°  F.).  When  slowly  crystallized,  its  cupric  salt  forms  well-defined  deep- 
blue  prisms  of  the  composition  2C5HyCuNO^  + ^OH^,  soluble  in  boiling  water ; 
but  on  stirring  a  very  concentrated  hot  solution  with  a  glass  rod,  it  is  deposited 
in  minute  pale-blue  prisms  of  the  composition  CgHyCuNO^  +  2OH2,  insoluble 
in  boiling  water.  On  adding  cupric  sulphate  to  an  alkaline  solution  of 
glutaminic  acid,a  precipitate  forms  as  soon  as  the  proportion  2C5HgNO^ :  CuSO^is 
exceeded,  whereas  asparagine  and  asparaginic  acid  do  not  furnish  a  precipitate 
until  double  this  proportion  of  cupric  salt  is  added  (Hofmeister).  Glutaminic 
acid  even  in  very  dilute  solution  reduces  Feh ling's  solution  as  easily  as  glucose, 
but  the  presence  of  leucine  may  interfere  with  the  reaction  although  a  large 
amount  of  this  body  has  no  influence  on  the  reduction  of  the  solution  by  glucose  ; 
(Hlasiwetz  and  Habermann,  Ann.  Chem.  Pharm.,  clxix.  157)  5  ^^^^ 
is  denied  by  Hofmeister,  ibid.,  clxxxix.  14.  Glutaminic  acid  forms  highly 
characteristic  well-crystallized  compounds  with  hydrochloric  and  hydrobromic 
acid  (Hlasiwetz  and  Habermann).  It  is  doubtless  optically  active,  as  a  solution 
in  nitric  acid  is  powerfully  dextrorotatory,  the  value  deduced  for  the  apparent 
specific  rotatory  power  being  +  ^4°"J,  but  it  has  not  been  stated  whether  this  is  for 
mean  yellow  light  or  light  of  the  refrangibility  of  the  d  line,  nor  what  par- 
ticular strength  of  solution  gives  this  value. 

Hydroxy-acids  derived    from  Acids  of  the   Succinic  Series. 


(i860).  The  following  are  known 

Hydroxy malonic  (tartronic)  acid    . 
Dihydroxymalonic  (mesoxalic)  acid 
Hydroxysuccinic  (malic)  acid     . 
Hydroxy  isosuccinic  acid  .... 
Dihydroxysuccinic  (tartaric)  acid  . 


CH(OH)(COOH), 

C(OH),(eOOH), 

C,H3(0H)(C00H), 

CH3.C(0H)(C00H), 

C,H,(OH),(COOH), 


■12 
'2 
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Hydroxypropane-a-dicarboxylic  acid     .      .     .     CjjH.(0H)(C00H)2 
Methylhydroxysuccinic  acid CH3.C(0H)(C00H).CH^.C00H 

SriiHeid  :  :  :  ::::•}  cacohxcooh). 
c-:rttir:eia:  :::::::}  o,h.(ohwcooh), 

Aposorbic  acid C3H3(0H)3(C00HX 

Dimethyltartaric  acid [CH3.C(0H).(C00H)]j 

Hydroxyadipic  acid 0,H^(OH).(COOH), 

Dihydroxyadipic  acid C^H^(OH).,(COOH), 

Trihydroxyadipicacid C^H^COHXICOOH), 

MTottT'.  ;  -.  :  :  :  :  :  ; }  ca(oh).(coohx 

Diaterebic  acid CgH^(OH)(COOH), 

Diaterpenylic  acid CgH^^OH)  (COOH)/ 

(i86i)HYDEoxTMALONicorTAfiTEONic  AcTD :  CgHp^  =  CH(0H)(C00H)2. 

— Theoretically  this  acid  should  be  formed  by  oxidation  of  glycerol,  and 
probably  it  may  be  so  produced  (comp.  Sadtler,  JDeut.  chem.  Ges.  Ber.,  viii. 
1456),  but  the  conditions  to  be  observed  have  not  yet  been  established.  It  is 
one  of  the  products  of  the  action  of  Fehling's  copper  solution  on  glucose  (Claus) ; 
and  is  also  formed  by  digesting  bromomalonic  acid  (Petrieff)  with  argentic 
hydrate ;  by  the  action  of  nascent  hydrogen  on  mesoxalic  acid  ;  and  by  the 
decomposition  of  dinitroxysuccinic  acid  (p.  945),  C2H2(NOg)2(COOH)2.  It 
was  first  obtained  by  Dessaignes  in  1852  by  the  last-mentioned  method  ;  accord- 
ing to  Demole  {ihid.,  x.  1788),  it  is  best  prepared  by  gradually  adding  the 
nitroxy-aci4  to  alcohol  of  sp.  gr.  925  in  the  proportion  of  20  grams  of 
the  former  to  60  c.c.  of  the  latter,  the  alcohol  being  heated  in  a  porcelain  dish  on 
the  water  bath :  in  this  manner,  the  destruction  of  the  tartronic  acid  by  the 
nitric  aoid  which  takes  place  when  an  aqueous  solution  is  heated  is  avoided. 
The  conversion  is  complete  within  about  fifteen  minutes,  when  the  evolution 
of  gas  almost  ceases  and  crystallization  commences. 

Tartronic  acid  crystallizes  in  large  colourless  prisms,  melting  at  151 
(303°"87  F.)  (Demole),  easily  soluble  in  water;  when  heated  at  a  higher  tempera- 
ture, it  is  resolved  into  water,  carbonic  anhydride,  and  glycolide  (1793).  It 
furnishes  a  well-crystallized  acid  ammonic  salt,  and  crystalline  precipitates  are 
obtained  on  addins:  baric  or  calcic  chloride,  or  argentic  nitrate,  &c.,  to  a 
neutralized  solution  of  the  acid. 

(1862)  DiHYDEOxYMALONic  or  Mesoxalic  Acid:  C(0H)2(C00H)2  = 
OjH^Og — This  acid  may  be  obtained  by  heating  alloxan  and  alloxanic  acid 
wich  alkalies,  &c.,  and  by  oxidation  of  amidomalonic  acid  (1856)  ;  accord- 
ing to  Petrieff,  it  is  formed  on  heating  dibromomalonic  acid  with  baric  hydrate 
solution.  It  crystallizes  in  very  deliquescent  prisms,  melting  at  115°  (239°  F.) 
easily  soluble  in  anhydrous  alcohol ;  its  aqueous  solution  decomposes  at  70'' — 80° 
(158° — 176°  F.)  and  must  be  concentrated  at  a  temperature  not  exceeding  50° 
(122°  F.)  when  it  is  desired  to  separate  the  crystallized  acid.  Most  of  its  salts  are 
easily  soluble  and  crystalline,  the  baric,  plumbic  and  argentic  salts  alone  being 
difficultly  soluble;  their  composition  after  drying  at  100°  (2 1 2^  F.)  is  represented 
by  the  formula  CgH^OgM'^,  and  they  cannot  be  deprived  of  the  elements  of  water 
without  undergoing  complet<i  decomposition  (Deichsel,  Jahresh.,  1864,  640). 
By  adding  ammonia  to  an  alcoholic  solution  of  the  acid,  a  crystalline  compound 
of  the  formula  CgOgN^Hg  is  obtained,  which  reddens  on  exposure  to  the  air. 
This  has  been  generally  regarded  as  an  ammonic  salt  of  the  formula 
CO(COONH^)j,  and  the  existence  of  such  a  compound  has  been  held  to  be  a 
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proof   that    mesoxalic    acid    itself  has    the  formula    CO(COOH).^;    it    is  not 
improbable,  however,  that  it  is  a  glycine  derivative  of  the  formula  * 
(HO)C(H3N).COONH4 
CO.O 

According  to  Petrieff  {Beut.  chem.  Ges.  Ber.,  xi.  414),  the  true  am*monic  salt 
is  obtained  on  neutralizing  a  solution  of  the  acid  with  ammonic  carbonate  and 
evaporating  in  vacuo  ;  it  does  not  alter  in  the  air.  On  treatment  with  acetic 
chloride,  ethylic  mesoxalate  yields  diacetyl  derivative  which  is  decomposed 
by  a  dilute  alcoholic  solution  of  potassic  hydrate,  yielding  the  potassic  salt  of 
diacetoxymalonic  acid;  this  acid  melts  at  130°  (266°  F.),  and  its  ethylic 
salt  at  145°  (293°  F.)  (Petrieff). 

(1863)  Hydroxysuccinic  or  Malic  Acid:  Cfifi^  = 
C00H.CH2.CH(0H).C00H.— This  acid,  which  was  discovered  by 
Scheele  in  1785,  is  of  very  common  occurrence  in  plants,  both  in 
the  free  state  and  in  the  form  of  salts,  and  particularly  in  unripe 
fruits,  such  as  the  apple,  quince,  and  gooseberry ;  it  is  especially 
abundant  in  mountain -ash  berries  at  the  time  when  they  begin  to 
ripen,  and  in  the  stalks  of  the  garden  rhubarb.  Tobacco  leaves 
are  rich  in  acid  calcic  malate. 

To  prepare  the  pure  acid  from  the  juice  of  plants  in  which  it  is  present  in 
considerable  amount,  the  following  method  devised  by  Liebig  may  be  advan- 
tageously employed.  The  expressed  juice  after  being  boiled  and  filtered  is 
nearly  neutralized  with  calcic  hydrate,  the  precipitate  of  calcic  phosphate,  tartrate, 
&c.,  which  forms  is  removed  by  filtration,  and  the  clear  liquid  boiled  for  several 
hours  in  a  copper  pan  j  normal  calcic  malate  is  then  deposited  as  a  but  slightly 
coloured  sandy  powder,  which  should  be  removed  as  it  separates,  the  boiling 
being  discontinued  when  it  no  longer  forms.  If  the  juice  is  neutralized,  much 
of  the  colouring  matter  is  carried  down  and  a  highly  impure  salt  is  obtained. 

The  crude  calcic  malate  thus  produced  is  added  to  a  hot  solution  of  i  pt. 
nitric  acid  to  10  pts.  water  as  long  as  it  dissolves,  and  is  thus  converted  into  the 
acid  salt  which  crystallizes  from  the  solution  on  cooling  in  large  transparent 
crystals,  difficultly  soluble  in  cold  "water.  This  salt  is  dissolved  in  hot  water, 
precipitated  with  plumbic  acetate,  the  precipitate  well  washed,  suspended  in 
water  and  decomposed  by  hydric  sulphide. 

Malic  acid  crystallizes  from  a  highly  concentrated  solution  in 
aggregates  of  colourless  prisms ;  it  deliquesces  in  moist  air,  and 
is  also  easily  soluble  in  alcohol.  It  melts  at  about  100^  (212°  F.), 
and  may  be  heated  at  120°  (248°  F.)  without  loss  of  weight;  at 
140°  (284°  F.)  it  slowly  loses  the  elements  of  a  molecule  of  water 
and  is  converted  into  a  mixture  of  maleic  and  fumaric  acids, 
C^H^O^;  this  change  is  more  completely  effected  at  150° 
(302°  F.),  and  if  the  acid  be  heated  at  about  180°  {^^6°  F.), 
maleic  acid  and  anhydride  distil  over,  a  residue  of  fumaric  acid 
remaining  in  the  retort.  No  gas  is  evolved,  and  no  carbonization 
takes  place  under  these  circumstances,  but  if  it  be  rapidly  heated 
to  above  200°  (392°  F.)  carbonic  oxide  and  anhydride  are  evolved 
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and  mucli  of  the  acid  is  carbonized.  When  very  carefully 
oxidized  by  means  of  potassic  dichromate,  malic  acid  is  converted 
into  malonic  acid  (Dessaignes) ;  when  fused  with  potassic  hydrate^ 
it  yields^  a  mixture  of  acetate  and  oxalate ;  when  boiled  with  dilute 
sulphuric  acid  (b.p.  135°  C.)j,  it  is  resolved  into  ethaldehyde, 
carbonic  oxide  and  carbonic  anhydride  (Weith,  Deut.  chem,  Ges. 
Ber.jX.  1744).  It  is  converted  into  succinic  acid  by  heating  with 
a  solution  of  hydriodic  acid^  and  also  undergoes  reduction  to  this 
acid  on  fermentation  (comp.  p. 926,  8) ;  it  forms  bromosuccinic  acid 
when  digested  at  100°  (212°  P.)  with  an  equal  volume  of  a  cold 
saturated  solution  of  hydrobromic  acid^  but  if  boiled  with  a  larger 
quantity  of  the  acid  it  yields  fumaric  acid_,  which  is  also  formed 
on  boiling  it  with  hydrochloric  acid.  On  distillation  with  phos- 
phoric pentachloride,  it  yields  fumaric  chloride,  CgHglCOC^g. 

Malat^s. — The  most  characteristic  malates  are  the  acid  amnionic  salt,  the 
acid  and  normal  calcic  salts  and  plumbic  malate.  The  acid  ammonic  salt, 
C^Hg(NHjOg,  crystallizes  in  large  rhombic  prisms  soluble  in  about  3  pts.  cold 
water.  A  solution  of  malic  acid  does  not  yield  a  precipitate  with  lime  water 
either  in  the  cold  or  on  heating,  but  calcic  malate  is  thrown  down  on  the  addition 
of  alcohol ;  if  the  solution  be  concentrated  in  vacuo  large  lustrous  laminae  of  a 
hydrated  salt,  C^H^CaOg  +  2OH2,  readily  soluble  in  water,  are  obtained,  and  on 
boiling  down  the  solution  of  this  salt,  the  anhydrous  malate  is  deposited  as  a 
crystalline  almost  insoluble  precipitate.  Acid  calcic  malate,  {CJlfi^)J^a.  +  SOH^, 
crystallizes  in  glistening  transparent  rhombic  prisms,  soluble  in  about  50  pts. 
cold  water.  Plumbic  acetate  added  to  a  solution  of  the  acid  produces  a 
white  curdy  precipitate  which  after  a  time  becomes  crystalline;  it  is  characteristic 
of  this  salt  that  when  heated  under  water  it  melts,  but  it  only  exhibits  this 
property  when  unmixed  with  other  salts.  Diethylic  malate,  0^11^5(02115)2, 
prepared  by  saturating  an  alcoholic  solution  of  the  acid  with  hydrochloric  acid, 
is  an  oily  liquid  which  decomposes  on  distillation  into  water  and  diethylic 
fumarate,  C^f)^{QJl^^ ;  on  treatment  with  acetic  chloride,  it  is  converted 
into  diethylic  acetoxj succinate,  CfiJ^Cfifi^{Q,OOC,Ji^^;  and  the  corresponding 
nitroxy-salt  02Hg(NO3) (00002115)2  is  formed  on  dissolving  it  in  a  mixture  of 
nitric  and  sulphuric  acids. 

Malic  acid  is  usually  said  to  be  an  optically  active  substance  :  thus  Pasteur 
found  the  value  of  [a]j  for  a  solution  containing  about  one-third  of  its  weight  of 
acid  to  be  —  5°,  and  Ritthausen  {Jour.  pr.  Chem.  [2],  v.  354)  gives  [a]j  = 
—  4°*74  for  a  solution  containing  one-sixth  of  its  weight  of  acid.  Pasteur,  however, 
employed  for  his  determination  a  sample  of  acid  not  prepared  by  himself,  and  he 
states  that  a  sample  which  he  had  himself  prepared  from  mountain-ash  berries 
with  especial  care  was  almost  destitute  of  optical  activity.  According  to  Ritt- 
hausen  {Jour.  pr.  Chem.  [2],  ii.  339),  the  seeds  of  Lupinus  luteus  contain 
optically  inactive  malic  acid.  The  addition  of  boric  acid  increases  the  Isevorota- 
tory  power  of  malic  acid,  but  its  solution  in  nitric  acid  is  dextrorotatory.  Acid 
ammonic  malate  in  a  solution  containing  about  one-fourth  its  weight  has  the 
apparent  specific  rotatory  power  [a]j  =  —  7°*2.  Normal  calcic  malate  is 
dextrorotatory,  as  is  also  its  solution  in  hydrochloric  acid ;  ammonic  antimonyl 
malate  in  a  solution  containing  '068  of  its  weight  of  the  salt  has  the  high 
apparent  specific  rotatory  power  [a]j  =  +ii5°'47  (Pasteur,  Ann.  Chim. 
-P%*-  [3]»  ^^xi.  81). 
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Isomeric  Malic  Acids. — B3-  submitting  optically  active  asparagine  or  aspa- 
raginic acid  to  the  action  of  nitrous  acid,  a  product  is  obtained  which  appears 
to  be  identical  with  malic  acid  from  natural  sources,  but  by  similarly  treating 
inactive  artificially  prepared  asparaginic  acid,  an  inactive  acid  is  produced,  which 
is  somewhat  less  soluble  than  natural  malic  acid  and  melts  at  133°  (2Ji°'a  P  ) 
although  it  otherwise  resembles  the  natural  acid  in  all  respects  (Pasteur). 

Optically  inactive  malic  acid  is  also  produced  by  digesting  bromosuccinic 
acid  with  argentic  hydrate,  &c.  (Kekule) ;  the  properties  of  the  product  have 
not  yet  been  sufficiently  studied,  however. 

Fumaric  acid,  C^K^{COOR).^,  combines  with  the  elements  of  a  molecule  of 
water  when  heated  with  water  alone  at  150°  (302°  F.)  (Jungfleisch),  or  with 
a  solution  of  sodic  hydrate  at  100''  (212°  F.).  In  the  latter  case,  an 
optically  inactive  hydroxysuccinic  acid  is  obtained,  which  appears  to  differ  more 
or  less  from  natural  malic  acid  in  all  its  properties,  yielding,  for  example, 
only  fumaric  acid  and  water  when  decomposed  by  heating  at  180° — 200°  (356° 
— 392°  F.)  (Loydl,  Ann.  Chem.  Pharm.,  cxcii.  80). 

By  digesting  tartaric  acid  with  a  solution  of  hydriodic  acid,  it  is  partially 
converted  into  malic  acid  (Dessaignes) ;  according  to  Bremer  {Deut.  chem. 
Ges.  Ber.,  viii.  1594)'  the  acid  thus  prepared  from  dextrotartaric  acid  is 
dextrorotatory,  its  apparent  sp.  rotatory  power  being  [a] ^  =  3°*  15,  that  of  the 
natural  acid  from  mountain-ash  berries  being  \_a]^  =  -3°-29.  Racemic 
acid  yields  inactive  malic  acid.  Acid  ammonic  dextromalate  has  the  apparent 
sp.  rotatory  power  [a]^  —  6''*3,  that  of  the  corresponding  Isevomalate  being  [_a\^  = 
6°'2.  the  inactive  malic  acid  prepared  from  racemic  add,  like  this  latter,  is  composed 
of  two  optically  active  acids  having  equal  but  opposite  rotatory  powers.  On  dis- 
solving it  in  water,  together  with  a  single  molecular  proportion  of  cinchonine 
and  adding  a  crystal  of  cinchonine  Isevomalate,  Bremer  (ibid.,  xiii.351)  observed 
the  separation  of  a  considerable  amount  of  cinchonine  dextromalate,  the  acid 
ammonic  salt  from  which  had  the  apparent  sp,  rotatory  power  [a]j)  =  6°';^, 
the  acid  ammonic  malate  prepared  from  the  mother  liquor  from  these  crystals 
was,  however,  la^vorobatory. 

(1864)  Hydroxyisosucctnic  or  Isomalic  Acid:  C^HgOg  ^  (?) 
CH3.C(OH)(COOH)2. — This  acid  is  prepared  by  carefully  digesting  a  solution 
of  bromisosuccinic  acid  (p.  935)  with  argentic  hydrate,  &g.  When  heated  at 
about  160°  (3^0°  F.),  it  is  resolved  into  carbonic  anhydride  and  lactic  acid, 
CH3.CH(0H).C00H  (Schmoeger,  Jour.  pr.  Chem.  [2],  xiv.  81). 

(1865)  DiHYDROXYSUCCINIC     Or     TARTARIC     AciD :      C^HgOg  = 

COOH.CH(OH).CH(OH).COOH.~No  fewer  than  four  distinct 
modifications  of  the  acid  C2H2(OH)2(COOH)2  are  known : 
two  of  these  differ  merely  in  their  optical  characters,  the  one 
rotating  the  polarized  ray  to  the  right,  the  other  rotating  it  to  a 
precisely  equal  extent  in  the  opposite  direction,  and  are  therefore 
termed  dextro-  and  Icevotartaric  acid  respectively;  the  third 
modification,  racemic  or  paratartaric  acid,  although  itself  opti- 
cally inactive  may  be  resolved  into  the  two  active  acids;  the 
fourth  modification,  mesotartaric  acid,  is  not  only  optically 
inactive  but  also  incapable  of  being  resolved  into  the  active  modi- 
fications. We  shall  have  occasion  later  on  to  discuss  more  fully 
the  constitution  of  these  acids. 

(1866)  Dextrotartaric  Acid  ;  Ordinary  Tartaric  Acid. — 
This  acid  is  probably  of  universal  occurrence  in  plants^  and  is 
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usually  associated  with  oxalic,  malic  and  citric  acids,  a  circum- 
stance which  indicates  a  close  genetic  relation  between  these  acids. 
Dextrotartaric  acid  is  produced,  mostly  together  with  racemic 
acid,  by  oxidation  with  nitric  acid  of  the  carbohydrate  sorbinose 
(1561)  and  generally  of  the  carbohydrates  which  furnish  saccharic 
acid  on  oxidation,  being  doubtless  a  product  of  the  oxidation  of 
this  acid.  According  to  Debus  {Jour.  Chem.  Soc,  xxv.  ^6^), 
a  small  amount  of  '^  tartaric  acid  "  is  produced  by  the  action  of 
nascent  hydrogen  (sodium  amalgam)  on  an  alcoholic  solution  of 
ethylic  oxalate  :  the  calcic  salt  of  the  acid  so  obtained  agrees  in 
chemical  and  physical  properties  with  calcic  tartrate,  but  it  has 
not  been  ascertained  whether  the  optical  properties  of  the 
product  are  those  of  dextrotartaric  acid  (private  communication). 

Dextrotartaric  acid  is  largely  used  in  calico-printing,  to  liberate  chlorine 
from  bleaching  powder  in  the  production  of  white  or  discharged  patterns  upon 
a  coloured  ground.  It  is  always  prepared  from  the  crude  hydric  potassic  tartrate 
deposited  during  the  fermentation  of  grape  juice. 

The  materials  from  which  it  is  made  may  be  classed  as  lees,  argol,  and  tartar, 
lees  being  the  solid  matter  collected  from  the  bottoms  of  the  fermenting  vessels ; 
argol,  the  thin  crystalline  crust  deposited  on  the  sides  of  these  vessels  ;  whilst 
tartar  is  manufactured  from  the  two  former  by  a  rough  process  of  extraction 
with  hot  water  and  crystallization  (comp.  Warington,  Jonr.  Chem.  Soc,  xxviii. 
949).  In  preparing  the  acid,  a  boiling  solution  of  the  tartar  is  treated  with 
powdered  chalk,  whereby  insoluble  calcic  tartrate  and  soluble  dipotassic  tartrate 
are  produced;  the  solution  of  the  latter  is  separated  from  the  former  by  filtration, 
and  is  then  mixed  with  a  soluble  calcic  salt,  or  digested  with  calcic  sulphate,  and 
thus  the  whole  of  the  tartrate  is  converted  into  calciu  salt ;  the  percipitated 
calcic  tartrate  thus  obtained,  after  being  washed,  is  treated  with  sufficient  dilute 
sulphuric  acid  to  displace  the  whole  of  the  calcium,  and  the  resulting  solution  of 
tartaric  acid  cautiously  evaporated  to  the  crystallizing  point. 

Dextrotartaric  acid  crystallizes  very  readily  in  large,  well- 
formed,  anhydrous  monoclinic  prisms  (comp.  p.  944),  soluble  in 
about  half  their  weight  of  cold  water ;  its  apparent  specific  rotatory 
power  in  aqueous  solution  at  19° — 20°  (66° '2 — 7i°'6  F.)  is  ex- 
pressed by  the  formula  [a]j)=i^'o6  0*131  C,  where  C  is  the 
number  of  grams  of  acid  in  100  c.c.  of  soluti  on  as  shown  by  the 
following  table  (Landolt,  Deut.  chem.  Ges.  Ber.,  vi.  1075)  : 


c. 

[a]jj  (Landolt). 

[a\^  (Arndtsen). 

[a]     (calculated). 

D 

15^38 

i3°-o6 

13°- 10 

^r^5 

7-69 

14*02 

I4OI 

14*05 

3-845 

14-53 

14*49 

14-56 

r9'225 

14*87 

1473 

14-81 

•9612 

14*92 

14*85 

i4'93 

•4806 

1703 

14*92 

15-00 
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The  apparent  specific  rotatory  power  varies,  however,  not  only 
•with  the  concentration,  but  also  with  the  temperature,  increasing 
with  rise  of  temperature.  Certain  anomalies  in  its  rotatory  power 
for  rays  of  different  refrangibility  will  be  referred  to  later  on. 

Dextrotartaric  acid  melts  at  about  170°  (338°  F.),  and  is  said 
to  be  thereby  converted  without  loss  of  water  into  the  isomeric 
metatartaric  acid ;  it  is  further  stated  that  by  prolonged  heating 
at  about  180°  (356°  F.)  so-called  ditartaric  acid,  C^^JC>^^= 
iC^HgOg  —  OHg,  is  produced  ;  then  tartrelic  acid,  C^H^Og,  which  is 
a  soluble  substance;  and  ultimately  insoluble  so-called  tartaric 
anhydride,  isomeric  with  the  last.  The  existence  of  metatartaric 
acid,  however,  as  a  distinct  species  is  very  doubtful,  and  it  is 
probable  that  the  difference  observed  in  the  properties  of  the  acid 
after  fusion  are  due  to  the  presence  of  a  small  quantity  of  ditar- 
taric acid,  it  being  apparently  impossible  to  melt  the  acid  without 
producing  a  certain  quantity  of  the  latter  (comp.  Warington, 
loc.  cit.f  p.  943).  So-called  ditartaric  acid  and  tartaric  anhydride 
are  doubtless  related  to  tartaric  acid  in  the  same  manner  that 
dehydroglycolic  acid  and  glycolide  are  to  glycolic  acid. 

Tartaric  acid  is  very  easily  oxidized,  formic  and  carbonic  acids 
being  generally  produced.  When  treated  with  hydriodic  acid,  it 
is  reduced  first  to  malic  and  then  to  succinic  acid.  It  is  readily 
carbonized  by  sulphuric  acid,  and  is  thus  distinguished  from  malic 
and  citric  acids,  which  are  only  slowly  altered.  When  treated 
with  phosphoric  pentachloride,  it  yields  chloromaleic  chloride, 
being  probably  first  converted  into  dichlorosuccinic  chloride, 
03112012(0001)2,  which  loses  the  elements  of  a  molecule  of 
hydrochloric  acid:  02H20l2(0O01)2=0,H01(0O01),  +  H01. 

(1867)  L^voTARTARic  AciD. — No  method  of  directly  forming 
this  acid  alone  is  known  ;  it  is  always  obtained  from  racemic 
acid  (q.v.).  In  general  chemical  properties  it  agrees  most  closely 
with  dextrotartaric  acid,  but  undergoes  fermentation  less 
readily,  in  this  respect  resembling  Isevulose,  which  is  less  readily 
fermented  than  dextrose;  the  two  acids  differ,  however,  to  a 
marked  extent  in  their  behaviour  with  other  optically  active 
substances  :  dextrotartaric  acid,  for  example,  forming  a  crystalline 
compound  with  asparagine,  whereas  Isevotartaric  acid  forms  with 
this  body  only  an  uncrystallizable  syrup  ;  in  like  manner,  hydric 
ammonic  dextrotartrate forms  a  crystalline  double  salt  with  optically 
active  hydric  ammonic  malate,  but  hydric  ammonic  Isevotartrate 
does  not  furnish  a  corresponding  compound.  Again,  cinchonine 
dextrotartrate  crystallizes  with  two  molecular  proportions  of  water, 
and  when  heated  begins  to  decompose  at  about  ioo°(2ia°  F.),whilst~ 
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the  Isevotartrate  crystallizes  with  only  half  a  molecular  proportion 
of  water  and  is  much  more  stable,  being  unaltered  at  140°  (284°  P.), 
and  quinine,  brucine  and  strychnine  dextro-  and  Isevotartrates 
differ  in  a  similar  manner  (Pasteur,  Ann.  Chim.  Phys.  [3], 
xxxviii.  460).  According  to  Pasteur,  dextro-  and  Isevotartaric  acids 
both  crystallize  in  forms  derived  from  a  monoclinic  prism,  PMT : 
sometimes,  although  very  rarely,  the  crystals  are  holohedralj  but  as  a 

Fig.  394. 
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rule  certain  faces,  c  c  (Fig.  394),  truncating  the  edges  c,  which  are 
fully  developed  on  one  side  of  the  crystal,  are  only  slightly  developed 
on  the  other  side ;  often,  however,  they  are  hemihedral,  the  faces 
c  c  being  present  on  one  side  only.  These  faces  are  situated  on 
the  right  side  in  the  case  of  dextrotartaric  acid,  and  on  the  left  in 
the  case  of  Isevotartaric  acid ;  the  two  kinds  of  crystals  are  thus 
non-superposable,  the  relation  of  the  one  form  to  the  other  being 
precisely  that  of  an  object  to  its  reflected  image.  The  crystals  of 
both  acids  are  pyro-electrical,  and  when  heated  and  left  to  cool, 
the  side  on  which  the  hemihedral  faces  are  situated  becomes 
positively  electrified  and  the  opposite  side  negatively  electrified. 
Solutions  of  the  two  acids  of  the  same  strength  deflect  the  plane 
of  polarization  to  an  exactly  equal  extent,  but  in  opposite 
directions.  In  all  other  physical  properties,  however,  the  two 
acids  appear  to  be  identical. 

Tartrates. — Many  of  the  metallic  tartrates  crystallize  in  well-defined  and 
highly  characteristic  forms :  corresponding  salts  of  the  dextrro-  and  Isevo-acids 
agreeing  in  composition  and  properties,  and  differing  only  in  crystalline  form  in 
the  manner  pointed  out  above  for  the  acids  themselves,  being  mostly  hemihedral. 
In  aqueous  solution,  they  all  deflect  the  plane  of  polarization  to  a  greater  degree 
than,  but  in  the  same  direction  as,  the  parent  acid.  The  following  are  the  most 
characteristic.  Hydric  potassic  tartrate,  potassic  hitartrate  or  cream  of  tartar j 
C  H  OgK,  the  chief  constituent  of  tartar,  forms  irregular  aggregates  of  small, 
hard,  transparent  prismatic  crystals,  requiring  for  solution  about  240  pts.  water 
at  10°  (50"  F.),  and  15  pts.  boiling  water.  The  normal  potassic  salt, 
C  H  0  Kg,  is  much  more  soluble,  requiring  only  66  pts.  at  14°  (57°"2  F.). 
The  corresponding  sodic  salts  are  both  easily  soluble.  Potassic  sodic  tartrate, 
Pochelle  or  Seignette  salt,  C^H^OgK'Na  +  4OH2,  one  of  the  most  characteristic 
of  the  metallic  tartrates,  crystallizes  in  large  rhombic  prisms,  soluble  in  about 
15  pts.  cold  water.  By  boiling  a  solution  of  the  acid  potassic  salt  with  auti- 
monious  oxide,  so-called  tartar  emetic  is  produced,  the  group  SbO  displacing 
hydrogen  in  the  group  COOH,  thus : 
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CH(OH).COOH  CH(OH).CO    , 

1\  +    Sk03   =  21  06SbO)    +  OH 

CH(OH).COOK  CH(OH).COOK  '* 

This  salt  crystallizes  in  rhombic  octahedra  of  the  composition  2C  H  0  K(SbO) 
+  OH2,  soluble  in  about  14  pts.  cold  water;  it  loses  the  whole  of  its  water 
of  crystallization  at  100°  (212°  F.),  and  when  heated  at  200°  (392°  F.)  the 
anhydrous  salt  is  deprived  of  the  elements  of  a  molecule  of  water,  leaving 
a  residue  of  the  composition  C^H^O^KSb.  Analogous  compounds  containino" 
the  radicles  AsO,  BiO,  BoO,  FeO,  CrO  and  UO,  are  obtained  by  digesting  solu- 
tions of  hydric  potassic  tartrate  with  the  oxides  of  arsenic,  &c. 

Calcic  tartrate,  C^Hp^Ca  +  4OH2. — Even  dilute  solutions  of  tartaric  acid 
yield  a  crystalline  precipitate  of  this  salt  when  treated  with  calcic  acetate,  and  it 
is  also  obtained  with  calcic  chloride  in  presence  of  alcohol ;  solutions  of  normal 
tartrates  are  also  readily  precipitated  by  calcic  chloride,  although  if  the  liquors 
are  dilute  the  precipitate  does  not  appear  for  some  minutes.  Calcic  tartrate  is 
dimorphic,  being  frequently  deposited,  especially  from  dilute  solutions,  in  the 
form  of  very  fine  needles  radiating  from  a  common  centre,  but  after  a  time  these 
are  converted  into  isolated  rhombic  prisms  and  octahedra,  which,  however,  are 
always  holohedral.  Solutions  of  calcic  dextro-  and  Isevotartrate  in  hydrochloric 
acid  exert  respectively  a  Isevo-  and  dextrorotatory  action  on  polarized  light 
(Pasteur).  If  baric  chloride  be  added  to  a  dilute  solution  of  ammonic  or  sodic 
tartrate,  or  if  baric  acetate  be  added  to  even  a  very  dilute  (i  per  cent.)  solution 
of  the  free  acid,  a  precipitate  of  baric  tartrate  is  produced  which  generally  is  at 
first  bulky  and  flocculent,  but  in  a  few  hours  this  precipitate  disappears  and  the 
sides  of  the  vessel  become  coated  with  clean  globular  masses  (Warington).  So- 
called  basic  tartrates  are  obtained  by  displacing  the  hydrogen  of  the  OH  groups 
as  well  as  that  in  the  COOH  groups,  by  the  less  positive  metals.  Thus,  if 
plumbic  tartrate,  C^H^^Pb,  be  dissolved  in  ammonia  solution,  and  the  liquid 
boiled,  a  precipitate  of  the  composition  C2H2(02Pb).(COO)^Pb  is  obtained. 
Similarly,  cupric  hydrate  dissolves  in  solutions  of  normal  tartrates  of  alkali 
metals,  furnishing  a  solution  not  precipitable  by  alkalies,  and  in  like  manner  the 
precipitation  of  aluminium,  iron,  tin,  &c.,  by  alkalies  is  prevented  by  the  presence 
of  an  alkali  metal  tartrate,  no  doubt  owing  to  the  formation  of  mixed  basic 
tartrates.  Fehling's  solution  used  in  the  estimation  of  glucose,  &c,,  is  a  solution 
of  a  basic  salt  of  this  kind  in  excess  of  alkali. 

Ethylic  tartrate,  C^HPg(C.,Hg).,,  prepared  by  saturating  a  solution  of 
tartaric  acid  in  ethylic  alcohol  with  hydrochloric  acid,  is  a  colourless  liquid  which 
decomposes  on  distillation.  By  the  action  of  an  excess  of  acetic  chloride,  it  is 
converted  into  ethylic  diacetoxy  succinate,  C^lJ^C^p.^J^COOG^^^,  a 
crystalline  substance  which  melts  at  67°  (i52°'6  F,),  and  distils  with  only 
slight  decomposition  (Perkin,  Jour.  Chem.  Soc,  xx.  147).  By  the  action 
even  of  an  excess  of  benzoic  chloride  on  ethylic  tartrate,  only  the  hydrogen  of 
one  of  the  OH  groups  becomes  displaced  by  benzoyl,  although  on  treating  the 
monobenzoyl  derivative  thus  obtained  with  acetic  chloride,  acetyl  is  readily 
introduced  in  place  of  the  hydrogen  of  the  second  OH  group  (Perkin). 

If  tartaric  acid  be  digested  for  several  hours  with  about  three  times  its 
weight  of  acetic  chloride,  it  is  gradually  converted  into  diacetotartaric  or 
diacetoxy succinic  anhydride,  Q^^{0,^\ifi,),,.Qfi^,  a  crystalline  solid  melting 
at  126°  (258°*8  F.)  ;  it  combines  with  water,  forming  the  (^orrespondina:  acid, 
dimetallic  salts  of  which  may  be  obtained  by  neutralization  with  metallic  car- 
bonates, &c.  (Perkin). 

If  tartaric  acid  be  dissolved  in  4-5  pts.  of  the  strongest  nitric  acid,  and  an 
equal  volume  of  concentrated  sulphuric  acid  be  then  added  to  the  solution  with 
constant  stirring,  a  pasty  mass   of  dinitroxy succinic   acid,  Vy^\^^0^)^{QOQiK)^, 
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is  produced  ;  this  may  be  purified  by  spreading  on  porous  tiles,  crystallization 
from  water  at  0°  (32°  F.),  and  recrystallization  from  ether  (comp.  Demole, 
Deut.  chem.  Ges.  Ber.,  x.  1789).  It  is  an  extremely  unstable  body,  decora- 
posing  into  tartronic  acid,  &c.,  at  a  few  degrees  above  0°  (32°  F.)  even  in 
aqueous  solution. 

(1868)  Racemic  Acid. — This  acid  was  discovered  in  1822 
by  Kestner,  a  manufacturer  of  tartaric  acid  at  Thann  in  the 
Vosges,  who  obtained  it  in  large  quantity  from  tartars  produced 
in  the  vintages  of  1822 — 1824.  It  was  not  again  observed, 
however,  for  many  years,  and  on  inquiry  Pasteur  ascertained 
that  this  was  chiefly  owing  to  the  fact  that  the  manufacturers  of 
tartaric  acid  had  ceased  to  make  use  of  the  crude  tartars  and 
were  employing  tartar  partially  purified  by  crystallization  ;  crude 
tartars  from  various  districts  were  all  found  to  contain  more  or 
less  racemate,  but'  being  more  soluble  than  the  tartrate  this 
chiefly  remained  in  the  mother-liquors. 

Racemic  acid  may  be  formed  by  the  direct  union  of  dextro- 
and  Isevotartaric  acid  :  on  mixing  cold  saturated  solutions  con- 
taining equal  weights  of  the  two  acids,  heat  is  developed,  and 
racemic  acid  separates  out  as  the  solution  cools. 

According  to  Pasteur,  the  acid  which  Perkin  and  Duppa  and 
Kekule  obtained  by  digesting  argentic  dibromosuccinate  with 
water,  or  calcic  dibromosucciuate  with  lime  water,  is  a  mixture  of 
racemic  and  mesotartaric  acids;  Jungfleisch  [Compt.  Rend.,  Ixxvi. 
286)  has  shown  that  racemic  acid  can  be  obtained  in  this  way 
from  succinic  acid  prepared  from  ethylene,  and  consequently, 
since  racemic  acid  may  be  resolved  into  dextro-  and  Isevotartaric 
acid,  that  it  is  possible  to  produce  optically  active  substances  by 
entirely  artificial  means.  Racemic  acid  is  also  formed  (a)  by 
digesting  a  mixture  of  oxaldehyde  (glyoxal,  1667)  and  hydro- 
cyanic acid  with  hydrochloric  acid  (Strecker).  [b)  By  oxidation  of 
a  number  of  carbohydrates  and  of  saccharic  and  mucic  acids  :  in 
most  cases,  dextrotartaric  acid  is  also  produced,  the  following, 
according  to  Hornemann  {Jour.  pr.  Chem.,  Ixxxix.  283),  being 
the  relative  amounts  of  the  two  acids  obtained  : 

Dextrotartaric  Racemic 

acid.  acid. 

Dextroglucose 100  ...       — 

Laevogiucose —  ...  100 

Cane  sugar 597  ...       40*3 

Milk  sugar 55'4  ...      44"6 

Starch 100  ...       — 

Gum 67,  ...       37 

Saccharic  acM 72-6  ...       27*4 

Mucic  acid.     . ?  ...  100 
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(c)  By  heating  either  dextro-  or  Isevotartrate  of  cinchonine  for  five 
or  six  hours  at  1 70°  (338°  F.) ;  mesotartaric  acid  is  also  produced 
simultaneously,  the  amount  increasing  as  the  heating  is  pro- 
longed (Pasteur).  Other  tartrates,  such  as  ethylic  tartrate  and 
quinine  tartrate,  are  also  converted  into  racemates  on  heatino- 
(Pasteur),  (d)  By  heating  mesotartaric  acid,  or  by  boiling  it 
with  hydrochloric  acid  (Dessaignes).  (e)  Together  with  mesotartaric 
acid  and  decomposition  products  by  heating  dextrotartaric  acid 
with  about  one-tenth  of  its  weight  of  water  for  about  30  hours 
at  175°  (347°  F.);  if  the  heating  be  continued  long  enough, 
the  whole  of  the  dextrotartaric  acid  disappears,  racemic  and  meso- 
tartaric acids  being  formed  in  proportions  which  vary  with  the 
degree  of  heat  and  quantity  of  water  added ;  and  by  heating 
mesotartaric  acid  alone  with  water  in  a  similar  manner,  it  is  also 
transformed  into  racemic  acid,  but  it  cannot  be  completely  con- 
verted by  one  treatment.  To  separate  the  racemic  acid,  the 
product  of  the  action  of  heat  is  dissolved  in  boiling  water,  the 
solution  filtered  and  evaporated ;  if  the  concentration  be  not 
carried  too  far,  the  crystals  which  separate  on  cooling  consist 
entirely  of  racemic  acid:  650  grams  dextrotartaric  acid  heated 
with  100  grams  of  water  in  a  metal  digester  yield  in  a  single 
operation  more  than  100  grams  racemic  acid  (Jungfleisch, 
B?zll.  Soc.  Chem.  [2],  xviii.  201).  (J)  By  the  decomposition  of 
desoxalic  acid  (1882). 

Racemic  acid  crystallizes  in  triclinic  prisms  of  the  composition 
C^HgOg -f- OHg,  which  effloresce  on  exposure  to  the  air  and  become 
completely  .anhydrous  at  100°  (212^  F.)  ;  the  anhydrous  acid  melts 
at  about  200°  (392°  F.).  Bacemic  acid  is  less  soluble  in  water 
than  tartaric  acid,  the  crystallized  acid  requiring  5 — 7  pts.  water 
at  15°  (59°  F.)  ;  its  solution  is  optically  inactive.  It  is  also  dis- 
tinguished from  tartaric  acid  by  the  behaviour  of  its  calcic  salt, 
which,  although  of  the  same  composition,  is  less  soluble  than 
calcic  tartrate,  being  precipitated  on  adding  calcic  chloride  or 
sulphate  to  a  solution  of  the  acid;  calcic  racemate  also  is  in- 
soluble in  acetic  acid,  and  on  adding  ammonia  to  its  solution  in 
hydrochloric  acid,  a  crystalline  precipitate  forms  within  a  few 
seconds,  whereas  with  calcic  tartrate  the  precipitation  does  not 
take  place  for  several  hours. 

The  racemates  all  crystallize  in  holohedral  forms,  and  are 
optically  inactive.  According  to  Pasteur,  the  property  of  uniting 
to  form  a  racemate  does  not  obtain  for  all  metallic  dextro-  and 
Isevotartrates  ;  thus  if  a  solution  of  racemic  acid  be  divided  into 
two   equal  portions  and  the  one  half  neutralized  with  sodic  car- 
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bonate^  the  other  with  potassic  carbonate  or  ammonia,  and  the 
two  solutions  mixed,  the  liquid  being  of  such  a  degree  of  con- 
centration that  it  only  deposits  crystals  after  some  hours^  the 
crystals  which  form  consist  not  of  sodic  potassic  or  sodic  am- 
monic  racemate,  but  in  part  of  the  corresponding  dextro-  and  in 
part  of  the  corresponding  Isevotartrate.  It  was  in  this  way,  in 
fact,  that  Pasteur  originally  ascertained  the  nature  of  racemic 
acid,  and  succeeded  in  resolving  it  into  dextrotartaric  acid  and 
the  then  unknown  Isevotartaric  acid.  It  would  appear,  however, 
that  under  certain  conditions  a  solution  prepared  in  the  manner 
described  with  the  aid  of  sodic  carbonate  and  ammonia  also 
deposits  holohedral  monoclinic  crystals  of  sodic  ammonic  racemate 
(comp.  Stadel,  Deut.  chem.  Ges.  Ber.,  xi.  1852). 

^iG.  395.  Fig.  396.  Fig.  397. 
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The  crystalline  form  of  the  two  sodic  ammonic  tartrates  is 
represented  by  Figs.  395,396,  although  in  reality  they  are  somewhat 
more  complicated  as  shown  by  Fig.  397,  which  is  a  projection  of  the 
extremity  of  a  crystal  of  dextrotartrate.  The  crystals  being  so 
placed  that  the  face  p  is  in  front  of  the  observer  and  the  face  t 
horizontal,  it  will  be  seen  that  there  is  a  hemihedral  face  h  on 
the  right  hand  in  the  case  of  the  dextrotartrate,  and  on  the  left 
hand  in  the  case  of  the  Isevotartrate ;  the  face  p  is  readily 
recognised  in  consequence  of  the  presence  of  the  small  faces 
s,  s,  Fig.396,  which  truncate  the  edge  formed  by  the  intersection  of 
the  faces  p  and  t. 

(1869)  Mesotartaric  Acid. — This  modification  is  formed 
together  with  racemic  and  dextrotartaric  acid  by  oxidation  of 
sorbinose  (1561),  and  together  with  racemic  acid  by  digestinji" 
dibromosuccinic  acid  with  water  and  a  metallic  hydrate ;  it  may 
also  be  produced  by  heating  cinchonine  dextrotartrate  or  race- 
mate  for  several  hours  at  170°  (348°  F.),  by  prolonged  boiling 
of  dextrotartaric  or  racemic  acid  with  hydrochloric  acid,  and  by 
heating  either  of  these  acids  with  water.  It  is  best  prepared  by 
heating  dextrotartaric  acid  with  about  one-tenth  its  weight  of 
water  for  two  days  at  165    (329°  F.)  (comp.  Jungfieisch, /oc.  a7.). 
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Mesotartaric  acid  is  very  soluble  in  water  and  usually 
crystallizes  in  rectangular  plates  of  the  composition  C^HgOg  +  OH^, 
which  readily  part  with  their  water  at  100°  (212°  F.)  ;  if  the 
anhydrous  acid  be  dissolved  in  water  and  the  solution  be  allowed 
to  crystallize,  large  anhydrous  holohedral  crystals  resembling  those 
of  dextrotartaric  acid  are  deposited.  It  melts  at  140°  (1284°  F.). 
Mesotartaric  acid  is  optically  inactive  and  cannot  be  resolved  into 
the  active  modifications,  but  it  may  be  converted  into  racemic  acid 
by  heating  with  water  at  175°  (347°  F.)  (Jungfleisch).  Calcic 
and  hydric  potassic  mesotartrate  are  more  soluble  than  the  corre- 
sponding tartrates. 

(1870)  HTDEoxYPEOPANE-a-DiCARBOXYLic  AciDS. — Two  such  acids  are 
known,  the  one  formed  by  heating  so-called  dichlorhydrin  (CH2C1)2CH.0H 
(P-  541)  with  potassic  cyanide,  &c.;  the  other  by  the  action  of  nitrous  acid  on 
glutaminic  acid.  The  former  is  a  crystalline  body,  melting  at  135°  (275°  F.) ; 
judging  from  the  manner  in  which  it  is  prepared  it  should  have  the  formula 
CH,(C00H).CH(0H).CH2(C00H)  (Maxwell  Simpson, Proc.  Ro^.  Soc.,xnl  44). 
The  latter  has  been  termed  glutanic  acid  ;  it  is  very  soluble  in  water  and  crys- 
tallizes with  difficulty;  it  melts  at  about  73°  (i63°'4  F.)  (comp.  MarkownikofF, 
Ann.  Chem.  Pharm.,  clxxxii.  347).  Being  isomeric  with  the  acid  from  dichlor- 
hydrin, it  should  have  the  formula  CH2(C00H).CH^.CH(0H).C00H,  but  this 
is  by  no  means  established. 

(1871)  Methylhydeoxysuccinic  or  Hydeoxypyeotaetaeic  Acids. — 
By  heating  ethylic  acetoacetate  at  100°  (212°  F.)  with  half  its  weight  of  anhy- 
drous hydrocyanic  acid  and  digesting  the  product  with  hydrochloric  acid,  it  is 
converted  into  an  hydroxy-acid  of  the  formula  CH3.C(OH)(COOH).CH2.CODH, 
which  crystallizes  in  groups  of  deliquescent  needles.  When  distilled,  this  acid 
is  partly  resolved  into  water  and  citraconic  anhydride,  and  partly  into  isopropylic 
alcohol  and  carbonic  anhydride.  (Demar^ay;  Compt.  Bend.,  Ixxxii.  1337  ; 
Norris,  Jour.  Chem.  Soc,  Trans.  1880,6.) 

By  combining  itaconic  acid,  CgH/COOH)^,  with  hydrochloric  or  hydrobromic 
acid,  and  boiling  the  resulting  chloro-  or  bromo-acid  with  water  for  6-8  hours, 
so-called  itamalic  acid,  C3H^(OH)(COOH)2,  is  produced;  this  crystallizes  in 
long  needles,  melting  at  6^°\i^f'2  F.)  ( S  warts  ;  comp.  Fittig  and  Landoit, 
Ann.  Chem.  Pharm.,  clxxxviii.  71).  Citra-  and  mesacouic  acids  do  not  appear 
to  furnish  hydroxy-acids  when  treated  like  itaconic  acid,  as  above  described 
(comp.  Fittig  and  Landoit,  loc.  cit.),  but  according  to  Carius,  citramalic  acid, 
isomeric  with  itamalic  acid,  may  be  obtained  by  combining  citraconic  acid 
with  hypochlorous  acid,  and  displacing  the  chlorine  in  the  resulting  chlorocitra- 
malic  acid  by  hydrogen.  By  combining  citraconic  and  itaconic  acids  with  hypo- 
chlorous  acid,  and  boiling  the  products  with  water,  isomeric  dihydroxy-acids, 
homologous  with  tartaric  acid,  and  therefore  termed  citra-  and  ita-tartaric 
acid,  are  said  to  be  formed  (Carius,  iUd.,  cxxix.  159;  Wilm,  clxi.  28),  but 
these  acids  have  been  very  insufficiently  investigated. 

(1872)  Aposoebic  Acid,  C^H^O,  =  C3ll3(OH)3(COOH),,  is  one  of  the 
products  of  the  oxidation  of  sorbinose  (1561)  by  nitric  acid;  it  usually  crystal- 
lizes in  confused  laminse,  but  sometimes  forms  thin  acute  rhombohedra,  soluble  m 
163  pts.  water  at  15°  (59°  F.)  (Dessaignes,  Ann.  Chem.  Pharm.,  Supp.,  iu  242). 

(1873)  Hydeoxyadipic  Acids.— Mon-,  di-,  and  trihydroxyadipic  acids 
have  been  prepared  from  the  corresponding  bromo-acids  (p.  935),  but  compai-a- 
tively  little  is  known  of  their  properties. 
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(1874)  DiMETHYLTARTAEic  AciD,  [C(CH3)(OH)(COOH)]2,  is  obtained  in 
small  quantity  on  dissolving  zinc  in  a  dilute  alcoholic  solution  of  acetotbrmic 
acid  (1820)  ;  its  hydric  potassic  salt  crystallizes  in  small  glistening  plates,  very 
difficultly  soluble  in  cold  water.  The  baric  and  calcic  salts  also  crystallize  well, 
and  are  almost  insoluble  in  cold  water  (Bottinger,  Ihid.,  clxxxviii.  315). 

(1875)  DiATEEEBic  Acid  :  C^H^p^  =  C3H,/3.CH(OH).CH(COOH)2.— When 
oxidized  with  nitric  acid  (sp.  gr.  i'i8 — i'i6),  both  French  and  American 
turpentine  oil  yield  a  crystalline  acid  of  the  composition  CyH^,,0^,  which  is  termed 
terebic  acid.  This  acid  is  monobasic,  but  on  treatment  with  alkaline  hydrates 
it  furnishes  salts  derived  from  an  acid  of  the  composition  CyH^.^Og ;  these  diatere- 
binates,  however,  are  uncrystallizable,  and  the  acid  which  they  furnish  when 
treated  with  mineral  acids  cannot  be  isolated  but  breaks  up  into  terebic  acid 
and  water.  Terebic  acid  separates  from  alcohol  in  large,  transparent,  monoclinic 
crystals,  slightly  soluble  in  cold,  more  readily  in  hot  water;  it  melts  at  174" 
(345°*2  F.),  and  on  distillation  is  completely  resolved  into  carbonic  anhydride  and 
pyroterebic  acid,  CgHj^O^.  Pyroterebic  acid  yields  isobutyric  and  acetic  acid  on 
fusion  with  potassic  hydrate  (C.  Williams),  and  is  converted  into  isobutylacetic 
acid  by  heating  with  hydriodic  acid ;  the  most  probable  formulae  of  diaterebic, 
terebic  and  pyroterebic  acid  are  therefore  as  follows  (Fittig  and  Mielck,  Ann. 
Ohem.  P/iarm.,  clxxx.  45; comp.Erlenmeyer,  jDewi^.  cAe/w.  Ges.  JBer.,  xiii.  305): 

(CH3),CH.CH(0H).CH(C00H),  (CH3),CH.CH.CH.C0OH 

Diaterebic  acid.  |         | 

o.oc 

Terebic  acid. 

(CH3)2CH.CHz:CH.COGH, 

Pyroterebic  acid, 

(1876)  DiATEEPENYLic  Acid  :  CgHj^Og. — This  acid  is  homologous  with 
diaterebic  acid,  and  like  it  cannot  be  obtained  in  the  free  state  on  account  of  its 
instability  and  tendency  to  break  up  into  water  and  the  dehydro-acid,  terpenylic 
acid,  CgHj^O^,  homologous  with  terebic  acid.  Terpenylic  acid  is  produced 
together  with  a  small  amount  of  terebic  acid  on  oxidizing  American  or  French  tur- 
pentine oil,  lemon  oil, or  so-called  terpin — the  crystalline  glycol  of  the  composition 
Cj(,Hjg(0H)2  obtained  by  the  combination  of  the  elements  of  2  raols.  water  with 
I  mol.  of  a  terpene — an  amount  equal  to  about  6 — 7  per  cent,  of  the  weight  of  the 
terpene  employed  being  obtained.  It  forms  large,  well-defined,  triclinic  prisms  of 
the  composition  CgH^^O^  +  OH^,  moderately  soluble  even  in  cold  water ;  the  pure 
anhydrous  acid  melts  at  90° (194°  F.).  It  is  comparatively  easily  oxidized,  and 
yields  only  acetic  and  carbonic  acids.  When  distilled,  it  is  resolved  into  carbonic 
anhydride  and  teracrylic  acid,  CyHj^O,,,  homologous  with  pyroterebic  acid ;  but 
a  considerable  portion  is  converted  into  oily  non-acid  substances.  The  salts  of 
terpenylic  acid  have  the  formula  CgH^^lVrO^,  the  most  characteristic  being  the 
cupric  salt;  crystalline  baric  diaterpenylate  may  be  obtained  by  adding  an 
excess  of  baric  hydrate  to  a  solution  of  terpenylic  acid,  removing  the  excess  of 
baric  hydrate  by  means  of  carbonic  acid,  and  concentrating  the  solution  in  vacuo  ; 
it  is  more  soluble  in  cold  than  in  hot  water  (Fittig  and  Hempel,  Ann,  Chem. 
Pharm.,  clxxx.  71  ;  Kraift,  DeuL  chem.  Ges.  Ber.,^.  521,  1659). 

(1877)  Sacchaeic  Acid  ;  Tetrahydroxyietranedicarboxylic  Acid  :  Cfi^fi^ 
=  C^H^{0H)^(C00H)2. — This  acid  is  a  product  of  the  oxidation  by  means  of 
nitric  acid  of  mannitol,  of  the  glucoses  which  furnish  mannitol  when  bydro- 
genized,  of  cane  sugar  and  of  starch ;  it  is  also  formed  together  with  the  isomeric 
music  acid  when  milk  sugar  is  similarly  treated. 

It  is  best  prepared  by  heating  i  pt.  cane  sugar  with  3  pts.  nitric  acid 
sp.  gr.  1*3)  until  reaction  commences;  after  the  first  brisk  action  is  over,  the 
mixture  is  maintained  at  50°  (i2  2°F.)  for  some  time,  and  it  is  then  diluted  with 
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about  half  its  bulk  of  water,  neutralized  with  potassic  carbonate,  supersaturated 
with  acetic  acid,  and  allowed  to  stand,  when  slightly  soluble  hydric  potassic 
saccharate  crystallizes  out  in  the  form  of  brownish  crusts.  It  maybe  purified  by 
recrystallization  with  the  aid  of  animal  charcoal.  To  prepare  the  free  acid,  this 
salt  is  converted  into  the  normal  potassic  salt,  which  is  precipitated  with  cadmic 
sulphate,  and  the  cadmic  salt  decomposed  with  hydric  sulphide. 

Saccharic  acid  has  hitherto  only  been  obtained  as  an  amorphous  deliquescent 
substance,  easily  soluble  in  alcohol ;  it  begins  to  decompose  when  heated  slightly 
above  100°  (212°  F.).  It  is  said  to  exert  a  dextrorotatory-  action  on  polarized 
light.  It  yields  dextrotartaric  acid  when  oxidized  with  nitric  acid  ;  when  heated 
with  hydriodic  acid  it  yields  adipic  acid  (De  la  Motte,  Deut.  chem.  Ges.  Ber., 
xii.  15 71);  on  treatment  with  acetic  chloride,  it  yields  a  crystalline  compound 
of  the  formula  Cj^jH^^^Og,  which  is  probably  a  diacetylated  a,nhydro-derivative 
(Baltzer). 

The  acid  saccharates  of  the  alkali  metals  are  difficultly  soluble  like  the  acid 
tartrates,  but  the  normal  saccharates  of  alkali  metals  are  very  soluble  ;  the  sac- 
charates of  other  metals  are  difficultly  soluble  or  insoluble.  Ethylia  saccharate, 
CgHgOg(C2H5)2,  is  crystalline,  but  difficult  to  obtain  in  a  pure  state ;  it  forms  a 
crystalline  compound  with  calcic  chloride,  2CgHgOg(C2Hj)^  +  CaClg,  which  is  con- 
Verted  into  the  tetracetyl  derivative  Q<^^^f).^^0(l>^\^^  by  treatment  with 
acetic  chloride  :  this  compound  crystallizes  from  alcohol  in  Hakes,  melting  at  61° 
(i4i°-8  F.)  (Baltzer). 

(1878)  Mucic  Acid,  CgH^^Og  -  C^H^(OH)^(COOH),,  isomeric  with 
saccharic  acid  is  formed  by  oxidation  of  dulcitol,  lactose,  milk  sugar,  gum  arabic 
and  vegetable  mucus.  It  is  easily  prepared  by  heating  milk  sugar  with  nitric 
acid  until  a  brisk  reaction  sets  in,  and  when  the  action  has  subsided  again 
heating  for  a  short  time ;  as  the  liquid  cools,  it  separates  as  a  sandy  crj^staliine 
powder  (comp.  Limpricht,  Ann.  Chem.  JPharm.,  clxv.  253). 

Mucic  acid  crystallizes  in  plates,  almost  insoluble  in  cold  water  and  alcohol, 
and  it  even  requires  about  66  pts.  boiling  water  to  dissolve  it.  When  heated, 
it  melts  and  decomposes,  yielding  formic  acid  and  small  quantities  of  pyromucic 
and  isopyromucic  acids,  C^H^Og,  together  with  products  of  more  complete  decom- 
position. It  yields  racemic  acid  on  oxidation  with  nitric  acid ;  when  heated  at 
ioo°  (212°  P.)  with  a  solution  of  hydrobromic  acid  saturated  at  0°  (32°  P.j, 
it  is  converted  into  dehydromucic  acid,  0^1120(00011)2  (Heinzelman,  Ann. 
Chem.  JPharm.,  cxciii.  184).  When  boiled  for  a  length  of  time  with  water,  it 
is  said  to  be  converted  into  the  isomeric  paramucic  acid,  which  is  distinguished 
from  it  by  its  greater  solubility  in  water  ;  this  acid,  however,  very  readily  under- 
goes reconversion  into  mucic  acid — e.g.,  on  merely  cooling  a  boiling  saturated 
aqueous  solution. 

Mucic  and  saccharic  acid  are  both  converted  by  the  action  of  phosphoric  pen- 
tachloride  into  so-called  chloromuconic  chloride,  C^]lf\.lOOG\).^,  which  yields 
chloromuconic  acid,  CififlJ^QOOE)^,  when  decomposed  by  water  (comp.  Deut. 
chem.  Ges.  Ber., -ni.  1271,1571): 

C,H,(0H),(C00H)2  +  6PCI,  =  C,H,C1,(C0CI),  +  6POCI3  +  6HC1 ; 
C^H^Cl^COCl),  -  C.H^CUCOCl),  +  2HCI. 

The  mucates  are  mostly  insoluble,  even  the  normal  salts  of  the  alkali  metals 
being  sparingly  soluble ;  the  acid  potassic  salt  is  somewhat  more  soluble  than 
the  normal  salt.  Ethylic  mucate  crystallizes  in  four-sided  prisms,  melting  at 
158°  (3i6°-4  F.)  (comp.  Limpricht);  by  treatment  with  acetic  chloride,  it  is 
converted  into  the  tetracetyl-derivative,  C.HXC.Hpj^CO^C.Hj,,  which  crys- 
tallizes from  hot  alcohol  in  needles,  melting  at  177°  (350°'^  ^')' 

Inasmuch  as  they  are  formed  from   mannitol  and  dulcitol  respectively,  both 
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saccharic  and  mucic  acid  must  in  all  probability  be  represented  by  the  formula  : 

COOH.CH(OH).CH(OH).CH(OH).CH(OH).COOH; 
we  do  not  know,  however,  that  both  have  the  same  molecular  weight. 

§  V.  Tribasic  Acids  derived   from  the   Paraffins. 

(1879)  Teicarballtltc  Acid;  Propanetricarhoxylic  Acid:  Q^f)^  = 
C00H.CH,.CH(C00H).CH2.C00H.— This  acid  was  originally  obtained  by 
digesting  a-tribromopropane  (so-called  tribromhydrin),  CHgBr.CHBr.CH^Br, 
with  an  alcoholic  solution  of  potassic  cyanide,  and  boiling  the  resulting  cyanide 
with  water  and  an  alkali  (Maxwell-Simpson).  It  is  al&o  formed  by  the  action 
of  nascent  hydrogen  on  aconitic  acid,  CgHgOg  (Wichelhaus)  ;  by  boiling  ethylic 
a-chlorocrotonate  with  an  alcoholic  solution  of  potassic  cyanide  (Claus,  Ann.  Chem. 
Pharm.,  cxci.  63),  and  by  decomposing  ethylic  acetotricarballylate  (p.  913 — 
the  product  of  the  action  of  ethylic  chloracetate  on  the  sodium  derivative  of 
ethylic  acetosuccinate)  with  a  concentrated  solution  of  potassic  hydrate. 

Tricarballylic  acid  crystallizes  in  transparent  rhombic  prisms,  easily  soluble 
in  water ;  it  melts  at  about  158°  (3i6°"4  F.),  but  sublimes  below  this  tempera- 
ture.    It  does  not  appear  to  furnish  characteristic  or  well-crystallized  salts. 

(1880)  Citric  Acid  ;  Hi/droxytricarhallyUc  or  Hydroxypropane- 
tricarboxylic  Acid:  CgH^O,  =  CgH^(0H)(C00H)3.— This  acid  occurs  in  the 
free  state  in  many  fruits,  such  as  lemons,  oranges,  gooseberries  and  mulberries ; 
and  occasionally  is  met  with  as  acid  potassic  or  calcic  salt,  occurring  in  these 
forms  in  potatoes,  for  example. 

It  is  now  prepared  almost  entirely  from  lemon-juice  expressed  from  windfalls 
and  imperfect  fruit,  nearly  the  whole  of  the  juice  used  in  this  country  behig 
imported  from  Sicily  and  South  Italy.  The  amount  of  acid  in  the  juice  varies 
according  to  the  season  at  which  it  is  expressed,  Sicilian  juice  expressed  in 
November  containing  about  9  oz.  per  gallon,  while  that  obtained  at  the  end  of 
the  following  April  contains  only  about  6  oz.  per  gallon  (Warington,  Jour. 
Chem.  Soc.y  xxviii.  927).  The  hot  juice  is  neutralized  partially  with  calcic  car- 
bonate and  partially  with  calcic  hydrate  ;  the  precipitated  calcic  citrate  is  collected, 
washed,  and  treated  with  the  equivalent  amount  of  dilute  sulphuric  acid ;  and 
the  solution  of  citric  acid  thus  obtained,  after  being  separated  from  the  calcic 
sulphate,  is  evaporated  to  the  crystallizing  point. 

Citric  acid  crystallizes  in  large  transparent  rhombic  prisms  of  the  composition 
CgllgO.  +  OH^,  very  soluble  in  water  and  alcohol ;  the  crystals  may  be  entirely 
defjrived  of  their  water,  without  undergoing  fusion,  if  heated  for  some  time  at 
50''— 60°  (122°— 140°  F.)  and  afterwards  at  100°  (212°  F.).  At  higher  tem- 
peratures, the  acid  is  deprived  of  the  elements  of  a  molecule  of  water,  and 
cujuverted  into  aconitic  acid  (q.v.),  C3H3(COOH)g,  and  a  similar  change  takes 
place  on  heating  it  with  a  concentrated  solution  of  hydrochloric  or  hydrobromic 
acid.  Oxidizing  agents  readily  completely  decompose  citric  acid ;  it  is  also 
completely  decomposed  by  sulphuric  acid,  but  does  not  blacken  so  easily  as 
tartaric  acid  when  heated  with  this  acid.  It  is  also  extremely  sensitive  to  the 
action  of  certain  organized  ferments.  Nascent  hydrogen  is  without  action  upon 
it  (Claus).  By  treating  solutions  of  alkaline  citrates  with  chlorine  or  bromine, 
haloid  derivatives  of  acetone  and  chloroform  or  broraoform  are  produced. 

Citric  acid  has  a  pure  and  agreeable  acid  taste,  but  it  cannot  be  very  exactly 
determined  by  neutralization  with  standard  alkali,  as  it  gives  no  sharp  reaction 
either  with  litmus,  cochineal  or  logwood  (Warington).  The  citrates  of  the  alkali 
metals  are  very  soluble ;  those  of  other  vnetals  are  mostly  difficultly  soluble. 

Calcic  citrate,  {Qfifi^),f^-A^  +  40H„,  the  most  characteristic  citrate,  is  more 
soluble  in  cold  than  in  hot  water,  so  that  a  cold  saturated  solution  becomes 
turbid  on  being  boiled ;    it  is  distinguished  by  this   property     from    calcic 


1883.  1  CITRIC  ACID DESOXALIC  ACID.  953 

tartrate,  and  also  by  its  insolubility  in  alkalies.  Citric  acid,  like  tartaric  and  many 
other  hydroxy-acidsj  prevents  the  precipitation  of  ferric  hydrate  from  solutions 
of  ferric  salts  by  alkalies,  doubtless  because  a  ferric  compound  is  formed  by  the 
displacement  of  the  hydrogen  of  the  OH  group  associated  with  the  hydrocarbon 
radicle.  Ethereal  salts  of  citric  acid  are  formed  by  saturating  solutions  of  citric 
acid  in  the  carbinols  with  hydrochloric  acid.  Trimethylic  citrate  crystallizes  in 
well-formed  triclinic  prisms,  melting  at  79°  (174°' 2  F.) ;  it  is  converted  into  the 
compound  C^J^0,^fi^{0O.pH^^  on  treatment  with  acetic  chloride  (Hunaus, 
Deut,  chem.  Ges.  Ber.,  ix.  i749)«  Citric  acid  is  converted  into  the  highly 
unstable  crystalline  nitroxy-derivative  C3H^(N0g)(C00H)g  by  treatment  with  a 
mixture  of  concentrated  nitric  and  sulphuric  acid  (Champion  and  Peclet). 

([882)  DiHYDEOXYPEOPANETEiCAEBOXYLic  AciD ;  DihydroxytHcarh- 
allylic  or  Hydroxycitric  Acid  :  C^HgOg  =  C3H3(OH),^(COOH)3,  is  formed  by 
combining  aconitic  acid  with  hypochlorous  acid  and  heating  the  product  with 
water;  it  does  not  crystallize  (Parvolleck,  Ann.  Chem.  Pharm.,  clxxviii.  510). 

(1883)  Desoxalic  Acid  :  C^HgOg. — By  acting  onethylic  oxalate  (containing 
alcohol)  with  sodium  amalgam,  Lowig  in  i860  obtained  the  ethylic  salt  of  a 
tribasic  acid  to  which  he  gave  the  formula  CgH^Og.  Brunner  subsequently  stated 
{Deut.  chem.  Ges.  Ber.,  iii.  974;  xii.  542)  that  the  primary  product  is  the 
ethylic  salt  of  an  acid  of  the  formula  CgHgO^,  the  acid  corresponding  to  which 
cannot  be  isolated,  as  it  decomposes  on  evaporation  of  its  aqueous  solution  into 
racemic  and  dihydroxy-acetic  (glyoxalic)  acids.  Klein  {Jour,  pr,  Chem.  [2],  xx. 
146),  however,  has  recently  confirmed  Lowig's  statements,  and  further  investi- 
gated the  acid.  Triethylic  desoxalate,  QfifiJ^CJl^\,  crystallizes  in  triclinic 
prisms  melting  at  85°  (185°  F.)  ;  it  yields  a  diacetyl-derivative  on  treatment 
with  acetic  anhydride.  Desoxalic  acid  is  crystalline,  but  very  hygroscopic ;  on 
heating  its  aqueous  solution  above  45°  (113"  F.)  it  is  decomposed  into  carbonic 
anhydride  and  racemic  acid,  C^HgOg  =  CO^  +  C^HgOg.  The  racemic  acid  thus 
obtained  agrees  with  ordinary  racemic  acid  in  all  its  reactions,  but  appears  to 
differ  from  the  latter  in  its  crystallographic  form. 

The  decomposition  of  desoxalic  acid  in  this  manner,  and  the  fact  that  it  is  a 
tribasic  penthydric  acid,  necessitate  the  conclusion  that  it  has  the  following 
formula : 

C(OH)(COOH), 

CH(OH).(COOH), 

§  VI.  Acids  of  the  C^Hgn.iCOOH  or  Acrylic  Series. 

The  acids  of  this  series  bear  precisely  the  same  kind  of  rela- 
tion to  the  acids  of  the  acetic  series  that  the  olefines  bear  to  the 
paraffins,  and  the  alcohols  of  the  allylic  series  do  to  the  alcohols 
of  the  ethylic  series. 

(1883)  The  following  are  at  present  known  : 

C,HA     Acrylic  acid CR-CH.COOH 

i  Crotonic  or  a-methacrylic  acid     .     .     CH3.CH_CH.COOH 

C.HgOj  Isocrotonic  acid (?)CH3.CH-CH.C00H 

( /3-Methacrylic  acid CH -C(CH3).C00H 

/^  a^-Dimethacrylic  acid   .     .      •     >    ,.      (CH^j^CZlCH.COOH 
a/3-Dimethacrylic  or  methylcrotonic  )  ^tt  -g-r; — niQYi  )  COOH 

C.KO  J       acid •     .  j        8-      —  ^      3/- 

^Angelic  acid (?)CH3.HC=C(CH3).COOH 

AUylacetic  acid CH -CH.CH,.CH,.COOH 
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SHydrosorbic  acid  or  (?)  a-propylacrylic  C^H^CH.COOH 
a-Isopropylacrylic  or  pyroterebic  acid     CgHj./3.HClZCH.C00H 
a-Methyl-/ii-ethylacrylic   or  ethylcro-  )  n  h 
tonic  acid J     5    9 

Teracrylic  acid CgHj..COOH 

Damaluric  acid    ......     .(?)CgHjj.COOH 

Moringic  acid (?)C^^H„y.COOH 

Cimicicacid C^^H.'^.COOH 

Hypogffiicacid Cj^H^g.COOH 

Oleic  acid C^^H^g  COOH 

Doeglicacid C^gH^^.COOH 

Brassic  or  erucic  acid C^^H^^.COOH 

(1884)  Methods  of  formation. — i.  By  oxidation  of  the  corre- 
sponding aldehydes  : 

C2H3.COH  +  (O  +  OH2)  =  CgHg.COOH  +  OHg. 

Acrylic  aldehyde.  Acrylic  acid. 

As  the  acids  themselves  very  readily  undergo  oxidation,  it  is 
necessary  to  employ  very  mild  oxidizing  agents,  such  as  argentic 
hydrate,  for  this  purpose. 

2.  By  the  removal  of  the  elements  of  a  molecule  of  water  from 
certain  acids  of  the  lactic  series  (comp.  I,  1784)  by  mere  dry 
distillation  : 

CH2(OH).CH2.COOH  =  CH^IZ  CH.COOH  +  OHg 

a-Hydroxypropionic  acid.  Acrylic  acid. 

3.  By  the  removal  of  the  elements  of  a  molecule  of  haloid  acid 
from  monolialoid  derivatives  of  the  acids  of  the  acetic  series,  either 
by  mere  heating  or  by  means  of  an  alcoholic  solution  of  potassic 
hydrate. 

4.  By  the  removal  of  a  molecule  of  halogen  from  certain  di- 
haloid  derivatives  of  acids  of  the  acetic  series  by  means  of  nascent 
hydrogen  : 

CHgBr.CHBr.COOH  +  2H  =  CH3  =  CH.COOH  +  sHBr. 

a/3-Dibromopropiouic  acid.  Acrylic  acid. 

5.  A  number  of  the  acids  of  the  series  occur  naturally  as 
ethereal  salts  in  vegetable  oils. 

(1885)  Properties. — In  addition  to  the  ordinary  reactions 
characteristic  of  all  compounds  containing  the  group  COOH,  the 
acids  of  the  acrylic  series  are  capable,  like  the  hydrocarbons  of 
the  olefine  series  from  which  they  are  derived,  of  uniting  with 
the  haloid  acids  and  halogens  to  form  haloid  derivatives  of  the 
corresponding  acids  of  the  acetic  series,  thus  : 


CHg  =  CH.COOH  -}-  HI  =  CH^I.CHg.COOH. 

Acrylic  acid.  a-lodopropionic  acid. 

The  isomeric  acids^  however,  manifest  considerable  differences  in 
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this  respect^  combining  with  haloid  acids,  &c.,  with  very  unequal 
degrees  of  facility. 

2.  Some  few  of  the  acids  of  the  series  may  be  directly  con- 
verted into  the  corresponding  acids  of  the  acetic  series  by  the 
action  of  nascent  hydrogen  : 

CHg  — CH.COOH  +  2H  =  CH3.CH2.COOH. 

Acrylic  acid.  Propionic  acid. 

3.  Most  characteristic  of  the  acids  of  the  acrylic  series,  how- 
ever, is  their  behaviour  on  fusion  with  potassic  hydrate,  whereby 
they  are  always  decomposed  in  the  manner  illustrated  by  the  fol- 
lowing examples  : 

CHgizCH.COOH    +    2KOH    =    H.COOK    +   CH3.COOH  + 

Acrylic  aeid.  Potassic  formate.  Potassic  acetate. 

Hg.CHg.CHZlCH.COOH  +  2KOH  =  2CH3.COOK  +  H^. 

Crotonic  acid.  Potassic  acetate. 

In  other  words,  the  chain  of  carbon  atoms  is  severed  at  the  point 
of  double  union  and  the  place  of  the  C^Hg^  radicle  which  is  thus 
split  off  is  supplied  by  two  atoms  of  hydrogen,  a  molecule  of  an 
acid  of  the  acetic  series  being  thereby  produced ;  the  CjjHgn  group 
which  is  separated  becomes  oxidized  and  furnishes  a  second  mole- 
cule of  an  acid  of  the  acetic  series  if  of  the  form  Hfi  ^^  or 
CnHgn+jHC— .^  A  precisely  similar  disruption  of  the  chain  of 
carbon  atoms  results  from  the  action  of  oxidizing  agents  such 
as  nitric  and  chromic  acid,  but  when  they  are  employed,  the 
group  from  which  the  Cj^Hg^  radicle  is  separated  is  oxidized 
instead  of  being  hydrogenized. 

4.  Many  of  the  acids  of  the  acrylic  series  readily  undergo 
isomeric  change  and  polymerization. 

(1886)  Acrylic  Acid;  Ethylenecarboocylic  or  Methenylacetic 
Acid:  C3H402  =  CH2=CH.COOH.— This  acid  may  be  formed— i. 
by  oxidation  of  acraldehyde  (acrolein,  1647) ;  2.  by  distilling 
a-hydroxypropionic  (hydracrylic)  acid;  3.  by  heating  a-iodopro- 
pionic  acid,  CHgl.CHg.COOH,  with  an  alcoholic  solution  of 
potassic  hydrate  (Erlenmeyer  and  V.  Schneider),  or  by  distilling  it 
from  finely  pulverized  plumbic  oxide  (Wislicenus) ;  4.  by  the 
action  of  nascent  hydrogen  from  zinc  and  sulphuric  acid  on 
a|3-dibromopropionic  acid,  CHgBr.CHBr.COOH  (Caspary  and 
Tollens),  or  by  boiling  this  acid  with  an  aqueous  solution  of 
potassic  iodide  (V.  Zotta,  Ann.  Chem.  Pharm.,  cxcii.  102).  It  is 
best  prepared  either  by  oxidizing  an  aqueous  solution  of  acral- 


*  If  of  the  form  (C^Hgn+JjC  — ,  it  would  probably  furnish  at  least  two 
molecules  of  acid,  but  no  acids  of  the  acrylic  series  containing  radicles  of  this 
form  have  as  yet  been  examined. 
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dehyde  with  freshly  precipitated  argentic  hydrate^  the  reaction 
being  allowed  to  take  place  in  the  cold ;  or  by  distilling 
.a-iodopropionic  acid  with  plumbic  oxide.  The  anhydrous  acid  is 
obtained  by  heating  the  anhydrous  lead  salt  mixed  with  an  equal 
weight  of  sand  at  170°  (338°  F.)  in  a  current  of  hydric  sulphide, 
the  product  being  purified  by  fractional  distillation. 

At   ordinary  temperatures    acrylic   acid    is  a    mobile   liquid 
having   a   pungent   and  highly   characteristic    odour;    according 
to  Linnemann,  it  solidifies  when  cooled  below  7°  (44°'6  F.)  and 
boils   at   140°  (284°  F.).      It  is  miscible  in  all  proportions  with 
water^  and  readily  volatilizes  in  a  current  of  water  vapour.     Like 
acetic  acid,  it  furnishes  a  red  colour  with  ferric  chloride  in  neutral 
solutions,  and  also  yields  a  strongly  alkaline  solution  when  boiled 
Avith  an  excess  of  plumbic  oxide   (Erlenmeyer).      It  often   spon- 
taneously undergoes  conversion  into  a  white  amorphous  substance 
which  behaves  like  gum  arable  in  water  or  alcohol   (Linnemann, 
Ann.  Chem.  Pharm.,  clxiii.  95,  369);  this  change  is  probably  induced 
by  some  foreign  body  present  in  minute  amount  in  the  acid  (comp. 
Caspary    and    Tollens,  ibid.,  clxvii.    251).      Acrylic  acid  slowly 
combines  with  nascent  hydrogen  from  zinc  and   sulphuric  acid, 
forming    propionic   acid    (Linnemann,    ibid.,  clxxi.    292).        By 
heating  sodic  acrylate  with  an  aqueous  solution  of  sodic  hydrate 
at  100°  (212°  F.),  the  elements  of  a  molecule  of  water  are  assimi- 
lated,  sodic   a-hydroxypropionate  being  produced   (comp.   1799). 
Acrylic  acid  readily  unites  with  hydriodic  acid,  forming  a-iodo- 
propionic acid,  CHgl.CHg.COOH  (Wislicenus) ;  the  corresponding 
bromo-acid  is  obtained  by  its  union  with  bromine,  but  according 
to   Linnemann   (ibid.,   clxiii.    96),  the   chloro-acid    produced  by 
combining  it   with  hydrochloric  acid  has  a  lower   melting  point 
(40°'5  C.)  than  that  obtained  by  the  action  of  chlorine  on  a-iodo- 
propionic  acid   (58°  C).      It  very  readily  unites   with  bromine, 
and  forms  a/3-dibromopropionic  acid,  much  heat  being  developed. 
When    fused   with  potassic  hydrate,    it    furnishes    a  mixture   of 
potassic  formate    and    acetate    (Erlenmeyer,  ibid.,  cxci.  ^'j6) ;  it 
does   not  yield    acetic  acid,  however,  when  merely  oxidized   by 
treatment     with    reagents     such    as    nitric    or    chromic     acid 
(Linnemann). 

Acrylates. — Sodic  acrylate,  CgHgO^Na,  is  an  indistinctly  crystalline  white 
salt,  very  slightly  soluble  even  in  boiling  anhydrous  alcohol,  but  extremely 
soluble  in  water.  Plumbic  acrylate,  {C^p^.^Vh,  the  most  characteristic  salt 
of  the  acid,  crystallizes  very  readily  in  long  glistening  needles,  easily  soluble  in 
water.  Argentic  acrylate,  CgHgO.^Ag,  the  least  soluble  of  the  acrylates,  also 
crystallizes  in  fine  glistening  needles ;  it  is  scarcely  decomposed  by  boiling  its 
aqueous  solution. 
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Ethereal  salts  of  acrylic  acid  have  not  been  prepared  from  the  acid  itself,  but 
by  treating  the  a/3-dibromopropionates  with  nascent  hydrogen  (Caspary'and 
Tollens,  loc.cit.).  Metliylic  acrylate,C^,J^fi^.C^^^,  is  a  highly  pungent  but  not  un- 
pleasant smelling  liquid,  boiling  at  80°— 85°  ( 1 76°—! 85°  F.).  Bthylic  acrylate, 
^?^z^i^^^  ^^^  possesses  a  most  penetrating  pungent  odour,  and  boils  at  102° 
(2 15°-6  F.).  Allylic^  acrylate,  G,^fi,.(i^\i^,  is  a  liquid  of  unpleasant,  pungent 
odour;  it  boils  at  119°— 124°  (246°-2— 2  55°-2  F.),  but  on  distillation  after  a 
portion  has  passed  over  the  residue  suddenly  becomes  a  jelly-like  mass  ;  on  raisino- 
the  temperature,  however,  the  whole  passes  over.  This  polymerization  also 
gradually  takes  place  at  ordinary  temperatures,  especially  in  sunlight,  a  hard 
transparent  mass  being  formed. 

(1887)  Acids  of  the  formula  C3H5.COOH.— No  less  than 
three  of  these  are  known — viz.,  crotonic  acid,  isocrotonic  acid, 
and  methacrylic  acid. 

Crotonic    acid;     a-methacrylic    acid:    CHg.CHzzCH.COOH. Crotonic 

acid  is  formed — 1.  by  oxidation  of  crotonic  aldehyde  (1650)  ;  2.  by  dry  distil- 
lation of  6-hydroxy butyric  acid  (Wislicenus,  1807);  3.  by  heating  the  bromobutyric 
acid  CHg.CHg.CHBr.COOH,  with  water  or  alkalies  (1770);  4.  by  the  action 
of  nascent  hydrogen  on  a-chlorocrotonic  acid  ;  5 .  by  heating  isocrotonic  acid ;  and 
6.  by  digesting  allylic  iodide  with  an  alcoholic  solution  of  potassic  cyanide,  and 
decomposing  the  resulting  cyanide  by  boiling  with  alkali.  The  formation  of 
crotonic  acid  by  this  last  method  involves  an  isomeric  change,  since  allylic  iodide 
has  the  formula  CH^ZZCH.CHJ  (Kekule  and  Einne,  Deut.  chem.  Ges.  Ber., 
vi.  386)  ;  Pinner's  experiments  {ibid.,  xii.  2053)  indicate  that  this  change  is  the 
result  of  the  formation  of  hydroxybutyric  acid  by  the  addition  of  the  elements 
of  a  molecule  of  water  to  the  acid  formed  by  the  mere  displacement  of  the  iodine 
in  allylic  iodide  by  carboxyl,  and  the  subsequent  reversal  of  this  reaction  : 
CH3.CH(0H).CH,.C00H  =  CH3.CH=CH.C00H.0H,. 

Crotonic  acid  crystallizes  in  monoclinic  prisms,  melting  at  72°  (i6i°"6  F.), 
easily  soluble  in  water;  it  boils  at  189°  (372°*2  F.)  (Kekule,  Ann.  Chem. 
Phai'm.,  clxii.  11 1).  By  the  action  of  nascent  hydrogen,  it  is  very  slowly  con- 
verted into  butyric  acid  (Bulk).  On  fusion  with  potassic  hydrate,  it  yields  two 
molecules  of  potassic  acetate,  but  on  oxidation  with  either  nitric  or  chromic  acid, 
it  furnishes  only  a  single  molecule  of  acetic  acid,  together  with  oxalic  acid  or  the 
products  of  the  further  oxidation  of  this  acid  (Kekule).  It  readily  combines 
with  hydriodic  and  hydrobromic  acids,  forming  mixtures  of  isomeric  raonohaloid 
bntyric  acid  derivatives  (Alberti,  Deut.  chem.  Ges.  Ber.,  ix.  11 94). 

Argentic  crotonate,  C^Hg02Ag,  is  very  difficultly  soluble  in  cold  water  and 
much  less  soluble  than  argentic  acetate  in  boiling  water. 

Isocrotonic  or  quartenylic  acid  is  obtained  by  the  action  of  nascent 
hydrogen  on  the  chlorocrotonic  acid,  melting  at  59°*5  (i39°"i  F.),  prepared 
from  ethylic  acetoacetate.  It  is  a  colourless  oily  liquid,  of  pungent  odour  recall- 
ing that  of  butyric  acid;  it  boils  at  172°  (341  °'6  F.),  and  at  25°  (77°  F.) 
has  the  sp.  gr.  i'Oi8.  It  is  miscible  with  water  in  all  proportions  (Geuther, 
Jour.  pr.  Chem.  [2],  iii.  441).  When  distilled,  it  is  partially  converted 
into  the  solid  isomeride  above  described ;  the  same  change  takes  place  to  a 
greater  extent  on  heating  it  in  sealed  tubes  at  170° — 180°  C.  (Hemilian,  Ann. 
Chem.  Pharm.,  clxxiv.  330),  but  the  conversion  is  never  complete  (Alberti, 
Deut.  chem-  Ges.  Ber.,  ix.  1194).  It  combines  with  the  haloid  acids,  and 
apparently  yields  only  a  single  product;  on  heating  the  compound  which  it 
forms  with  hydrobromic  acid  with  water,  solid  crotonic  acid  is  obtained  (Alberti). 
On  fusion  with  potassic  hydrate  it  behaves  in  precisely  the  same  manner  as  solid 
crotonic  acid ;    it   is    readily  oxidized  by  a  cold  solution    of    potassic  perraan- 


958  ACIDS  OF   THE  ACRYLIC   SERIES.  [1888. 

g^anate,  yielding  acetic,  oxalic  and  carbonic  acids  (Hemilian).  A  number  of 
isocrotonates  have  been  described  by  Geuther. 

Isocrotonic  acid  is  usually  represented  by  the  formula  CH^ZZCH.CH^.COOH 
as  it  is  isomeric  with  solid  crotonic  and  /3-inethacrylic  acids,  and  there  are  only 
three  acids  of  the  composition  CgHg.COOH  possible  according  to  our  present 
theory.  An  acid  of  this  formula,  however,  should  furnish  formic  and  propionic 
acids,  and  not  acetic  acid  on  fusion  with  potassic  hydrate.  In  order  to  overcome  this 
difficulty,  Hemilian  suggests  that  the  isomeric  change  which  has  been  shown  to 
take  place  on  heating  also  occurs  when  the  acid  is  fused  with  potassic  hydrate :  but 
apart  from  the  fact  that  the  conversion  into  the  isomeric  acid  is  not  complete  even 
after  prolonged  heating  (Alberti),  the  observation  that  abnormal  products  are 
also  obtained  when  the  oxidation  is  effected  without  the  aid  of  heat  by  perman- 
ganate appears  not  to  harmonize  with  this  explanation.  It  is,  in  fact,  by  no 
means  improbable  that  crotonic  and  isocrotonic  acids  afford  another  instance 
of  the  insufficiency  of  our  present  system  of  formulating  isomerides  :  in  other 
words,  that  both  must  be  represented  by  the  same  formula. 

MetJiacryUc  acid  ;  ^-methacrylic  acid  ;  CH^IZ  C(CH3).C00H.— This  acid 
was  first  obtained,  although  not  in  a  pure  state,  by  Frankland  and  Duppa,  by 
the  action  of  phosphorous  chloride  on  ethylic  hydroxydimethacetate  (dimeth- 
oxalate,  1806),  &c.,  thus: 

C(CHJ,.0H  cccFg.ci 

3   1  +   PCl,   =   31  +  PO3H3  ; 

COOC.H^  COOC.H^ 

CH3.CCl(CH3).COOC,Hg  =  CH2izC(CH3).COOaH^  +  HO. 
Its  formation  in  this  manner  has  recently  been  further   studied  by  Paul   (Ann. 
C/iem,  JPharm.,  c\ji.xxvm.  52).       It  is  also  produced  by  boiling  with  alkali  the 
chloropyrotartaric  acids  obtained  by  combining  citra-    and  mesaconic  acids   with 
hydrochloric  acid  (Prehn,  ibid.,  42). 

/3-Methacrylic  acid  is  easily  soluble  in  water,  especially  if  warm,  and  crystal- 
lizes from  it  in  long  glistening  prisms  which  melt  at  16°  (6o°*8  F.)  ;  it  boils 
at  160°  (320°  F.),  but  when  distilled  a  small  portion  is  always  converted  into 
an  amorphous  (?)  polymeride  (Prehn).  Its  calcic  and  silver  salt  both  crystal- 
lize well,  but  the  baric  salt  is  amorphous ;  the  ethylic  salt  is  converted  into  a 
transparent,  jelly-like  substance  when  heated  (Paul).  It  is  readily  converted 
into  isobutyric  acid  when  submitted  in  cold  aqueous  solution  to  the  action  of 
sodium  amalgam,  whereas  the  isomeric  acids  are  not  in  the  least  affected  even 
at  100°  (212°  F.).  On  fusion  with  potassic  hydrate,  it  furnishes  a  mixture  of 
formate  and  propionate  (Frankland  and  Duppa).  It  combines  with  hydriodic 
acid,  forming  a  crystalline  dimethiodacetic  acid  (Paul). 

(1888)  Acids  of  the  formula  C^H^.COOH. — Four  of  these 
acids  are  known :  a'^-dimethacrylic  acid,  a/3-dimethacrylic  or 
methylcrotonic  acid,  angelic  acid  and  allylacetic  acid. 

a-Dimethacrylic  acid:  (CH3)2ClzCH.COOH. — This  acid  is  produced  from 
the  hydroxyisopropacetic  acid  of '  the  formula  (CH3)^C(OH).CH2.COOH,  ob- 
tained by  oxidizing  isopropacetic  acid  with  potassic  permanganate,  by  distilling  it 
with  sulphuric  acid.  It  crystallizes  in  monoclinic  prisms,  melting  at  70° 
(158°  F.)  (Miller,  Deut.  cheni.  Ges.  Ber.,  xi.  1526,  2216;  xii.  1542). 

a^-Dimethacrylic,  methylcrotonic  or  tiglic  acid :  CH3.CHZZC(CH3).C00H. 
— The  researches  of  Geuther  and  Frohlich  and  of  Schmidt  and  Berendes 
{Ann.  Chem.  Pharm.,  cxci.  94)  have  shown  that  this  acid  occurs  as  glyceric 
salt  in  croton  oil,  the  oil  distilled  from  the  seeds  of  Croton  tiglium.     Ethereal 
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salts  derived  from  it  are  also  present  in  oil  of  charnomile-flowers  {Anthemis 
noUlis)  (Fittig,  Kopp,  and  Kobig,  ibid.,  cxcv.  8i,  92);  and  it  may  be  obtained 
by  saponification  of  ceradine  and  cevadilline,  two  alkaloids  extracted  from  the 
seeds  of  Veratrum  sahadilla  (Wright  and  Luff,  Jour.  Chem.  Soc,  1878,  2-28) 
It  may  be  produced  by  heating  ethylic  methethhydroxyacetate' (1807)  witli 
phosphorous  trichloride,  &c.  (Frankland  and  Duppa)  ;  by  dry  distillation  of 
a-methyl-/3-hydroxybutyric    acid    (Rohrbeck)  ;    and    by   heating  anaelic    acid 

(q-v.). 

a^-Dimethacrylic  acid  crystallizes  in  triclinie  prisms,  melting  at  64°'^  (i48°-i 
F.),  and  boils  at  i98°-5  (389°'3  F.).  It  is  difficultly  soluble  in  cold  water,  but 
more  soluble  in  hot,  and  volatilizes  very  readily  in  a  current  of  steam.  It  is 
not  altered  by  the  action  of  nascent  hydrogen  from  sodium  amalgam  and  water. 
On  fusion  with  potassic  hydrate,  it  yields  a  mixture  of  potassic  acetate  and  pro- 
pionate. It  readily  combines  with  hydrobromic  acid,  forming  a  bromovaleric 
acid,  probably  CH3.CH,.CBr(CH3).COOH,  which  crystallizes  in  large  mono- 
clinic  prisms,  melting  at  86°  (i86°'8  F.)  ;  this  acid  is  reduced  by  nascent 
hydrogen,  and  converted  into  a  valeric  acid,  which  is  probably  methethacetic 
acid  (p.  831);  when  boiled  with  water,  it  is  for  the  most  part  reconverted 
into  aj3-dimethacrylic  acid  and  hydrobromic  acid  :  a  portion,  however  is  re- 
solved into  a-dimethylethylene,  CHg.CH  ZZ  CH.CH3,  carbonic  anhydride  and 
hydrobromic  acid,  and  it  almost  entirely  decomposes  in  this  manner  if  boiled  with 
a  solution  of  sodic  carbonate.  It  unites  with  hydriodic  acid,  forming  an  iodovaleric 
acid— probably  CH3.CH^.CI(CH3).COOH— melting  at  S6°'S  m{i8y°-y  F.)which 
is  easily  converted  into  valeric  acid  by  reduction.  It  somewhat  slowly  combines 
with  bromine,  forming  dibromovaleric  acid,  CH3.CHBr.CBr(CH,).C00H ;  this 
latter  acid  melts  at  S6°-^  (i87°7  F.)  ;  it  readily  dissolves  in  a  cold  solution  of 
sodic  carbonate,  but  in  a  very  short  time  the  liquid  becomes  turbid,  owino-  to 
the  separation  of  bromobutylene  :  C^U^Bvfi^'Na.  =  C^H^Br  +  CO^  +  NaBr  (comp. 
Schmidt  and  Berendes  ;  Fittig,  Kopp,  Kcibig,  and  Pagenstecher,  loc,  cit.  ; 
Schmidt,  Deut.  chem.  Ges.  Ber.,  xii.  252). 

Angelic  Acid. — This  acid  was  originally  obtained  from  th^  root  of  the 
archangel  [Angelica  archangelica)  ;  it  has  since  been  procured  from  sumbul 
root  {Muryangium  sumbul)  ;  from  the  oil  distilled  from  the  flowers  of  the 
common  chamomile ;  from  peucedanine,  a  neutral  substance  contained  in  the 
root  of  masterwort  [Imperatoria  ostruthium)  ;  and  from  laserpitin,  a  bitter 
principle  extracted  from  the  root  of  Laserpitium  latifolium.*  It  is  best  pre- 
pared  from  archangel  root    (comp.   Meyer  and  Zenner,  Ann.  Chem.  JPharm., 

Angelic  acid  crystallizes  in  large  transparent  monoclinic  prisms,  melting  at 
45°  (113°  F,),  difficultly  soluble  in  cold,  but  easily  in  hot  water;  it  boils  at 
185°  (365°  F.),  but  on  distillation,  a  certain  amount  undergoes  isomeric  change 

*  The  nature  of  the  substances  in  archangel  and  sumbul  roots  which  furnish 
angelic  acid  when  decomposed  by  alkali,  &c.,  is  not  known.  Chamomile  oil, 
according  to  Dp.mRY<^3ij  {Co7npi.  Bend.,  Ixxvii.  360),  chiefly  consists  of  butylic  and 
amylic  angelate  and  valerate,  but  according  to  the  more  recent  researches  of 
Fittig  and  Kobig,  who  have  examined  specimens  obtained  at  very  diflerent 
times,  it  consists  of  isobutylic  isobutyrate,  isobutylic  angelate,  and  the  isoamylic, 
isohexylic  and  anthemylic  salts  of  angelic  and  ajS-dimethacrylic  acids,  and  does 
not  contain  an  appreciable  amount  of  valeric  compounds  (comp.  Schmidt, 
loc.  cit.).  Pe«eec?aw«we  has  the  composition  C^fl^fi^,  and  yields  potassic  angelate 
and  oreoselin,  C^ILfi^,  on  saponification  with  potassic  hydrate.  Laserpitin  has 
the  formula  C^fl^fi^,  and  yields  potassic  angelate  and  laserol  C^Ji^fi^  when 
similarly  treated. 
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and  is  converted  into  a/3-dimethacrylic  acid,  and  it  may  be  almost  entirely 
transformed  into  this  acid  by  prolonged  boiling  (for  at  least  40  hours),  or  by 
the  action  of  concentrated  sulphuric  acid  (Demar9ay,  Compt.  Rend.,  Ixxxiii. 
906 ;  Fittig  and  Kopp,  loc.  ait).  Angelic  acid  is  not  altered  by  treating  its 
solution  with  sodium  amalgam  ;  on  fusion  with  potassic  hydrate,  it  furnishes 
the  same  products  as  ojS-dimethacrylic  acid.  It  combines  with  hydrobromio 
acid,  forming  a  bromovaleric  acid  identical  both  in  physical  and  chemical 
properties  with  that  produced  in  a  similar  manner  from  a3-dimethacrylic  acid 
(q.v.),  but  whereas  the  latter  acid  furnishes  almost  the  theoretical  quantity  of  this 
broino-acid,  angelic  acid  yields  at  most  60 — 70  per  cent.,  and  another  or  other 
(perhaps  isomeric)  products  are  obtained  which  are  not  formed  from  the  former 
acid  (Fittig  and  Pagensteeher).  With  hydriodic  acid  the  two  acids,  however, 
behave  somewhat  differently :  if  a  mixture  of  either  with  about  ten  times  its 
weight  of  a  solution  of  hydriodic  acid  of  sp.  gr.  1*96  be  saturated  at  0°  (32°  F.) 
with  hydriodic  acid  gas,  a  clear  solution  is  obtained  from  which  a  large  quantity 
of  crystals  is  deposited  after  some  hours.  Both  products  have  the  composition 
of  iodovaleric  acid,  CgH^IO^,  but  that  from  aj3-dimethacrylic  acid  crystallizes  in 
fine  glistening  plates  melting  at  86°'5  (i87°*7  F.),  whereas  that  from  angelic 
acid  is  obtained  in  more  compact  crystals  which  melt  at  46°  (ii4°*8  F.), 
although  a  small  quantity  remains  unfused  until  about  76°  (i68'^*8  F.).  If  a 
less  concentrated  acid  be  employed,  both  these  acids  are  formed  simultaneously 
from  angelic  acid.  Both  furnish  the  same  valeric  acid  when  reduced  by  means 
of  zinc  and  dilute  sulphuric  acid  (Schmidt,  Deut.  chem.  Ges.  Ber.,  xii.  252). 
Angelic  acid  combines  with  bromine,  forming  a  crystalline  dibromovaleric  acid 
identical  with  that  obtained  from  a/3-dimethacrylic  acid  (q.v.),  but  whereas  the 
latter  yields  almost  the  theoretical  amount  of  this  dibromo-acid,  angelic  acid 
furnishes  only  about  70  per  cent,  of  the  theoretical  quantity,  an  oily  (?  isomeric) 
compound  being  also  produced.  When  submitted  to  the  action  of  nascent 
hydrogen,  the  ^ibromide  from  angelic  acid  is  deprived  of  its  bromine  and  com- 
pletely converted  into  a/3-dimethacrylic  acid,  and  according  to  Demar^ay  {Compt. 
Rend.,  Ixxx.  1400)  a  similar  change  is  effected  on  distilling  the  dibromo-acid 
(Fittig  and  Pagensteeher,  and  Schmidt,  loc.  cit.). 

Angelic  and  ajSdimethacrylic  acids  therefore  afford  another  instance  of 
isomerism  which  cannot  be  expressed  by  our  present  system  of  notation  :  the  fact 
that  both  acids  furnish  the  same  dibromovaleric  acid  when  combined  with  bromine 
being  one  which  necessarily  involves  their  representation  by  the  same  formula. 

Angelates  and  aQ-Dimethacrylates. — The  salts  of  the  two  acids  difft-r  very 
considerably.  Calcic  angelate,  [Q^^O^S^a.  +  2OH,,  is  much  less  soluble  in 
hot  than  in  cold  water,  and  if  a  cold  saturated  solution  be  enclosed  in  a  tube 
and  heated  in  the  water  bath  magnificent  long  needle  like  crystals  begin  to 
separate  at  a  temperature  of  35° — 40°  (95° — 104°  F.),  and  at  60° — 70°  (140° 
— 153°  F.)  the  liquid  is  entirely  converted  into  a  stiff  pasty  mass.  100  parts 
of  solution  saturated  at  I7°*5  (63°'5  F.)  contain  23  pts.  of  the  anhydrous  salt. 
Calcic  a^j-dimethacrylate,  '^^fi^(^2,  +  3OH2,  forms  white  pasty  crystals 
much  more  soluble  in  hot  than  cold  water;  1 00  pts.  of  a  solution  saturated 
at  17°  (62°6  F.)  contain  6*05  pts.  anhydrous  salt.  Baric  angelate, 
(CjH„02)2Ba  + 4'50H2,  is  very  soluble,  and  can  scarcely  be  obtained  in  isolated 
crystals.  Baric  a^-dimethacrylate,  (C^H.02).,Ba  +  40H„,  is  more  soluble  than 
the  calcic  salt,  but  much  less  soluble  than  baric  angelate  ;  it  forms  small  prismatic 
crystals.  Potassic  angelate  is  a  very  soluble  deliquescent  salt.  Potassic 
a^-dimethacrylate  readily  crystallizes  in  bundles  of  anhydrous  needles,  and  does 
not  deliquesce.  Argentic  angelate  separates  from  boilinfj  water  in  feathery 
crystals ;  argentic  aS-dimethacrylate  is  a  similar  salt,  but  less  soluble  (Fittig 
and  Kopp). 
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Allylacetic  acid,  CgH^.CH^.COOH,  is  a  colourless  oil,  boiling  at  iSa"* 
(359°-6  F.)  (Zeidler,  Ann.  Chem.  Pharm.,  clxxxvii.  30). 

(1889)  Acids  of  the  formula  C.Hg.COOH.— Three  of  these 
acids  are  known — hydrosorbic  acid,  a-isopropylacrylic  or  pyro- 
terebic  acid,  and  a-methyl-j3-ethacrylic  or  ethylcrotonic  acid. 

Hydrosorbic  or  (?)  a-propylanrylic  acid,  Cj.Hg.COOH,  is  readily  obtained 
by  digesting  an  aqueous  solution  of  sorbic  acid,  CgHy.COOH,  at  the  ordinary 
temperature  with  sodium  amalgam.  It  is  liquid  even  at  —  18^  (  —  4°  F.),  and 
at  19°  (66°-2  F.)  hns  the  sp.  gr.  '969;  it  boils  at  2o8'''5  (406^4  F.) ;  it  is 
only  slightly  soluble  in  water,  but  easily  dissolves  in  alcohol  and  ether.  Hydro- 
sorbic a(;id  is  not  altered  by  nascent  hydrogen ;  on  fusion  with  potassic 
hydrate, it  yields  a  mixture  of  potassic  acetate  and  normal  butyrate.  It  com- 
bines with  bromine  with  great  readiness,  forming  a  non-crystalline  dibromocaproic 
acid,  C.HgBr^.COOH,  which  yields  sorbic  acid  on  treatment  with  an  alcoholic 
solution  of  potassic  hydrate,  but  which,  if  heated  with  water  at  100°  (212°  F.),is 
converted  into  broraohydrosorbic  acid,  which  then  gradually  decomposes,  partly 
into  sorbic  and  partly  into  hydroxyhydrosorbic  acid.  It  also  very  readily  unites 
with  hydrobromic  and  hydriodic  acids,  forming  liquid  bromo-  and  iodocaproio 
acids,  which  furnish  normal  caproic  acid  on  reduction.  The  bromo-acid  yields 
hydrosorbic  and  hydroxycaproic  acid  when  decomposed  by  water  or  sodic  carbon- 
ate solution  (Fittig  and  Barringer,  J.n??.  Chem.  Pharm, Q\yi\.  309;  Kachel  and 
Fittig,  ibid.,  clxviii.  289;  Fittig  and  Mielck,  ibid.,  clxxx.  52;  Fittig,  Stahl^ 
Landsberg  and  Engelhorn,  ibid.  cc.  42,  93  ;  Menschutkin,  Deut.  chem.  Gea. 
Ber.,  xiii.  163). 

a-isopropylacrylic  .or  pyroterehic  acid,  CgH^^.CH  ~  Cfl.COOH,  is  pro- 
duced by  dry  distillation  of  terebic  acid.  According  to  recent  experiments  of 
Bredt  and  Fittig  (^6/c?.,  cc.  58,  259),  however,  the  product  thus  obtained  is  not, 
as  has  been  supposed,  the  pure  acid,  but  a  mixture  of  a  relatively  small  quantity 
of  the  acid  with  a  dehydro  compound — so-called  lactone  (see  coumarin) — of  the 
formula  CgH^^^O,.  If  it  be  dissolved  in  water,  the  solution  digested  with  excess 
of  calcic  carbonate,  then  distilled,  and  the  distillate  saturated  with  potassic  car- 
bonate, the  lactone  separates  as  an  oily  layer.  The  acid  is  obtained  on  evapo- 
rating the  residue  from  the  retort  and  treating  the  resulting  salt  with  hydro- 
chloric acid,  when  it  separates  as  an  oil  much  less  soluble  in  water  than  the 
lactone. 

The  lactone  is  a  colourless,  perfectly  neutral  liquid,  easily  soluble  in  water;  it 
boils  at  206°  (402°'8  F.).  When  boiled  with  a  concentrated  solution  of  baric 
hydrate,  it  is  converted  into  baric  hydroxyisocaproate. 

Pyroterebic  acid  appears  to  combine  with  gaseous  hydrobromic  acid  to  form 
a  crystalline  bromisocaproic  acid ;  but  the  aqueous  acid  at  once  converts  it  into 
the  lactone.  With  bromine,  it  forms  a  dibromisocaproic  acid  melting  at  99* 
(2io''-2  F.). 

a-Methyl-^-ethacrylic  or  ethylcrotonic  acid,  CH3.CHZlC(C,HJ.C00H, 
is  produced  as  ethylic  salt  by  distillino  ethylic  diethhydroxyacetate  (diethoxalate) 
with  phosphorous  trichloride  (Frankland  and  Duppa;  camp.  Fittig  and  Howe, 
ibid.,  cc.  21).  It  crystallizes  very  readily  in  large  square  prisms,  very  slightly 
soluble  in  water,  melting  at  about  4i°(io5°'8  F.),  and  sublimes  even  at  ordirary 
temperatures;  it  boils  at  209°  (4o8°'2  F.).  On  fusion  with  potassic  hydrate, 
it  yields  a  mixture  of  potassic  acetate  and  normal  butyrate.  It  combines, 
although  very  slowly,  with  hydrobromic  acid  when  treated  with  a  very  concen- 
trated aqueous  solution  of  the  acid.  The  resulting  broniodiethaf-etic  at-id  melts 
at  25**;  on  reduction,  it  yields  an  acid  which  is  probably  diethacetic  acid;  when 
heated  with  water  at  100*'  (212°  F.),  it  is  for  the  most  part  decomposed  into 
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ethylcrotonic  acid  and  hydro"bromic  acid  ;  but  if  it  be  dissolved  in  water,  and 
a  slight  excess  of  sodic  carbonate  be  then  added,  the  resulting  sodic  salt 
rapidly  decomposes  chiefly  into  amylene  (b.  p.  36°  C),  carbonic  anhydride,  and 
sodic  bromide.  The  dibromo-acid  formed  by  combining  ethylcrotonic  acid  with 
bromine  (m.  p.  8o°-5  C.)  behaves  similarly  (Fittig  and  Howe). 

Each  of  the  three  acids;  isbove  described  furnishes  characteristic  salts. 

Acids  which  very  closely  resemble,  if  they  are  not  identical  with,  ethylcrotonic 
and  pyroterebic  acids  respectively,  have  been  obtamed  by  Pinner  and  Lager- 
marck  (comp.  Deut.  chem,  Ges.  £er.,x.  1052;  xii.  854). 

(1890)  Higher  Acids  of  the  Acrylic  Series. — Our  know- 
ledge of  the  acids  containing  more  than  six  atoms  of  carbon  is 
extremely  imperfect,  oleic  acid  being  the  only  one  to  which  even 
a  moderate  amount  of  attention  has  been  paid. 

Teracrylic  acid,  Q^H^^O^. — This  acid  (j  877)  is  a  colourless  liquid  of  peculiar 
not  unpleasant  odour,  boiling  at  216° — 218°  (420°-8 — 424°-4  F.).  Its  calcic 
salt,  (CyHj,02).^Ca  +  SOH^,  is  easily  soluble  in  water,  and  crystallizes  in  long 
transparent,  efflorescent  needles.  Like  many  other  acids  of  the  series,  teracrylic 
acid  readily  undergoes  isomeric  change  under  certain  circumstances,  especially 
on  heating  its  potassic  salt  with  a  concentrated  potassic  hydrate  solution  on  the 
water-bath  :  the  isomeride  has  a  cymene-like  odour,  and  furnishes  a  calcic  salt 
crystallizing  in  long  needles,  less  soluble  in  hot  than  in  cold  water  (Kralft,  Beut. 
chem.  G€s.JBer.,:L.  1659). 

Damaluric  acid,  (?)  C^H^^Oj,  according  to  Stadeler  {Ann.  Chem.  Pharm., 
Ixxv.  27),  is  a  volatile  acid  present  in  cows'  and  horses'  urine  (comp.  Werner, 
Zeits.  Chem.  [2],  iv.  413). 

Moringic  acid,  (?)  Cj^H^gO^. — According  to  Walter  {Ann.  Chem.  Fharm.,  Ix. 
271),  this  acid  is  obtained,  together  with  palmitic  and  other  acids  of  the  acetio 
series,  by  the  saponification  of  oil  of  ben  {Moringa  Nux  Behen). 

Cimicic  acid,  Cj^H.^^Oj,  occurs  in  the  free  state  in  Rhaphigasier 
jtunctipennis,  an  insect  of  the  order  Cimex.  It  is  a  crystalline  substance  of 
peculiar  rancid  odour,  melting  at  44°  (ili°*2  F.),  insoluble  in  water  (Carius, 
ibid.,  cxiv.  147). 

Sypogceic  acid,  C^gllg^O^,  is  obtained  on  saponification  of  oil  of  earth-nut 
{Arachis  hypogcBa)  {G'6'>'^m'Anxi  and  Sheven,  ^6^c^.,  xciv.  230 ;  xcix.  305),  and 
is  perhaps  identical  with  physetoleic  acid  from  sperm  oil  (Schroder,  cxliii. 
22  ;  Hofstadter,  Ihid.,  xci.  177).  Hypogseic  acid  crystallizes  in  colourless  needles, 
melting  at  34°  (93°'2  F.)  ;  it  gradually  oxidizes  on  exposure  to  the  air.  On 
treatment  with  nitrous  acid,  or  when  heated  with  nilric  acid,  it  is  converted  into 
gdidic  acid,  a  body  of  the  same  empirical  composition,  and  probably  of  the  same 
iholecular  weight.  Ga'idic  acid  melts  at  39°  (i02°'2  F.),  and  does  not  oxidize. pn 
exposure  to  the  air.  Hypogasic  acid  decomposes  on  distillation,  being  partially 
converted  into  sebacic  acid,  CglTjgfCOOH)^ ;  gaidic  acid  may  be  volatilized 
unchanged.  Physetoleic  acid  is  said  to  melt  at  30°  (86°  F.).  Both  hypogceic 
and  gaidic  acids  combine  with  a  single  molecular  proportion  of  bromine. 

Oleic    acid,    Q^^^fi^. — The    normal     glyceride    of    this     acid    (olein),* 


*  The  oils  which  contain  principally  glyceric  oleate  belong  to,  the  class  of 
non-drying  oils ;  the  so-called  drying  oils,  such  as  hemp,  linseed  and  poppy  oils, 
chiefly  consist  of  the  glyceride  of  linoleic  acid.  This  acid  is  said  to  have  the 
formula  Cj^IIggOg,  and  would  seem  therefore  to  bear  a  very  simple  relation 
to  hypogajic  and  palmitic  acids  j  but  at  present  even  its  composition  cannot 
be  reijarded  as  established. 
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^^.^^(O.C.gHggOJg,  is  present  in  most  natural  fats  and  fatty  oils,  being  especiullj 
abundant  in  the  latter;  it  was  discovered  by  Chevreul  in  181 1,  but  fir«t 
obtained  pure  by  Gottlieb,  who  established  its  formula,  in  1846.  To  prepare 
pure  oleic  acid,  an  oil  rich  in  olein,  such  as  olive  or  almond  oil,  is  saponified 
with  potassic  or  sodic  hydrate ;  or  the  crude  oleic  acid  obtained  as  a  bye- 
product  in  the  manufacture  of  stearic  acid  is  treated  in  a  similar  manner ; 
the  resulting  salt  is  decomposed  by  dilute  hydrochloric  acid,  and  the  sepa- 
rated mixture  of  fatty  acids  is  digested  for  some  hours  at  100°  (212°  ¥.) 
with  finely  powdered  plumbic  oxide,  sufficient  of  the  latter  being  used  to  saturate 
only  the  greater  part  of  the  oleic  acid.  The  mixture  of  lead  salts  thus  obtained 
is  extracted  with  cold  ether,  which  dissolves  only  the  oleate,  leaving  the  salt  of 
the  solid  fatty  acid  imdissolved.  The  ethereal  liquid  is  shaken  with  an  excess 
of  hydrochloric  acid,  and  the  upper  layer  is  then  separated  and  the  ether 
removed  by  distillation.  The  acid  thus  prepared  is  still  contaminated  with 
products  of  oxidation  and  colouring  matter,  to  separate  which  it  is  cooled  down 
to  about  -  7°  (i9°.4  F.),  when  it  solidifies  to  a  crystalline  mass,  which  is  pressed 
between  folds  of  bibulous  paper,  or  drained  on  a  vacuum  filter ;  by  repeatedly 
melting,  cooling,  and  pressing  the  crystallized  portion,  at  last  with  the  addition  of 
a  little  alcohol,  the  impurities  are  completely  removed. 

Oleic  acid  crystallizes  from  alcohol  in  brilliant  white  needles,  melting  at 
14°  (57°'2  F.);  it  is  insoluble  in  water,  but  very  soluble  in  alcohol  and  ether. 
The  solid  acid  does  not  alter  on  exposure  to  air,  but  the  liquid  acid  rapidly 
absorbs  oxygen,  acquiring  a  yellow  colour  and  rancid  odour.  It  volatilizes  in  a 
vacuum  almost,  if  not  entirely,  without  decomposition ;  but  when  distilled  in  the 
ordinary  manner,  it  breaks  up  into  lower  acids  of  the  acetic  series,  sebacic  acid, 
and  h^'^drocarbons.  On  oxidation  with  nitric  acid,  it  yields  a  complex  mixture 
of  oxidation  products,  consisting  of  lower  acids  of  the  acetic  series,  succinic, 
suberic  and  azelaic  acids,  &c.  Oleic  acid  combines  with  a  single  molecular  pro- 
portion of  bromine,  forming  an  oily  dibromide,  Cj^Hg^Br^O^,  which  yields  oleic 
acid  on  treatment  with  nascent  hydrogen  (Overbeck,  ibid,,  cxl.  39). 

By  the  action  of  nitrous  acid,  oleic  acid  is  converted  into  an  isomeride  of 
higher  melting  point,  eldidic  acid.  To  prepare  this  substance,  the  nitrous 
fumes  evolved  on  heating  starch,  sugar,  or  arsenious  anhydride  with  nitric  acid 
are  passed  for  a  few  minutes  only  into  pure  cooled  oleic  acid ;  after  some  time, 
the  elaidic  acid  crystallizes  out,  and  may  be  purified  by  washing  with  water  and 
crystallization  from  alcohol.  The  amount  obtained  in  this  manner  is  not  large, 
however  (Overbeck).  It  forms  fine  pearly  lamina),  melting  at  45°  (i  13°  F.)  ;  it 
distils  unchanged  in  an  atmosphere  free  from  oxygen,  but,  like  oleic  acid,  it 
gradually  absorbs  oxygen  when  in  a  fused  state.  Both  oleic  and  eUidic  acids 
yield  a  mixture  of  acetate  and  palmitate  on  fusion  with  potassic  hydrate  (Var- 
rentrapp,  ibid.,  xxxv.,  196):  C^^H^.O^-f- 2KH0  =  C^^Hg^KO,  4- C^KO.-K  H.,. 
Elaidic  acid  combines  with  a  single  molecular  proportion  of  bromine. 

This  mode  of  decomposition  would  appear  to  favour  the  conclusion  that  they 
are  both  acids  of  the  formula  C^^H^^.CHziCH.COOH  ;  but  such  an  assumption 
is  to  a  great  extent  negatived  by  the  observation  that  steaiolic  acid  (1914)— 
which  is  formed  by  the  withdrawal  of  two  atoms  of  hydrogen  from  oleic  acid — 
yields  stearoxylic  acid  when  oxidized,  and  that  this  latter  on  further  oxidation 
is  resolved  into  azelaic  acid,  C^Yi^J^COOR)^,  and  nonylic  acid,  CgHjy.COOH. 
The  most  probable  interpretation  of  this  behaviour  is  afforded  by  assigning 
the  following  formulae  to  these  acids : 

C^H^^.C-C.C.H^^.COOH  C3H„.C0.  CO.  CJI.^.COOH 

Stearolic  acid.  Stearoxylic?  acio. 

Metallic  Oleates. — An  alcoholic  solution  of  oleic  acid  Is  said  to  be  without 
action  on  litraup.     Little  is  known  of  the  metallic  oleates,  as  it  is  difficult  to 
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prepare  them  in  a  pure  state  on  account  of  the  tendency  of  oleic  acid  to  form 
acid  and  basic  as  well  as  normal  salts.  The  alkali  metal  salts  onl}'  are  soluble 
in  water  ;  the  others  are  soluble  in  alcohol,  and  some  also  in  ether.  Baric  oleate, 
{C^gHg.,0.,).^Ba,  separates  from  a  boiling  alcoholic  solution  on  cooling  as  a  bulky 
white  ciystalline  powder. 

The  salts  of  elaidic  acid  crystallize  more  readily,  the  sodic  salt  separating 
from  alcohol  in  large  glistening  plates. 

Oleins. — The  only  ethereal  salts  of  oleic  acid  which  have  been  investigated 
are  the  glyceric  oleates  or  oleins,  which,  as  Berthelot  has  shown,  may  be  pre- 
pared by  heating  glycerin  with  oleic  acid  at  200° — 240°  (392° — 464°  F.),  but  it 
is  scarcely  possible  to  obtain  any  of  them  in  a  pure  state ;  they  are  represented 
by  the  following  formulae : 

S".  \  OH  ^A  \  O.C„H,,0,  ^'^'  \  O.C,.H„0, 

OH  OH  0-<'„H,A 

Monolein.  Diolein.  Triolein. 

Only  triolein  (olein)  appears  to  occur  naturally.  By  treatment  with  nitrous 
acid,  this  compound  is  converted  into  the  isomeric  ela'idin,  which  melts  at 
32° — 38°  (89°-6 — ioo°*4  F.),  olein  being  liquid  at  temperatures  above 
0°  (32°  F.). 

Doeglic  acid,  C^gHj^gO^.  —  According  to  Scharling  [ihid.,  xcvi.  236; 
Jahresh.,  1847 — 48,  567),  the  oil  from  the  doegling,  or  bottle-nosed  whale, 
contains  an  ethereal  salt  of  this  acid,  analogous  to  spermaceti ;  the  acid  itself  is 
very  similar  to  oleic  acid. 

Brassic  or  Erucic  acid,  Cg^H^.^O^. — The  glyceride  of  this  acid  is  the  chief 
constituent  of  rape  or  colza  oil,  the  oil  expressed  from  the  seeds  of  Brassica 
campestris,  var.  oleifera,  and  also  of  the  oil  of  black  and  yellow  mustard-seed. 
To  prepare  the  acid,  rape  oil  is  saponified  with  litharge,  and  the  resulting 
plaster  is  thoroughly  extracted  with  ether ;  the  residue,  consisting  of  plumbic 
erucate,  is  treated  with  iiydrochloric  acid,  and  the  acid  thus  formed  purified  by 
crystallization  from  alcohol  (Hauseknecht,  Avn.  Chem.  Pharm.,  cxliii.  40).  It 
crystallizes  in  long,  thin,  brilliant  white  needles,  melting  at  2)2>° — 34°'  insoluble 
in  water,  but  very  soluble  in  ether  and  still  more  so  in  alcohol.  It  gradually 
oxidizes  on  exposure  to  the  air.  It  is  not  altered  by  nitrous  acid.  Erucic  acid 
combines  with  bromine  to  form  a  dibromide,  which  is  converted  again  into  the 
parent  acid  when  submitted  to  the  action  of  nascent  hydrogen  (Otto,  Ann. 
Chem, Pharm.,  cxxxv.  226).  According  to  Otto,  erucic  acid  does  not  furnish 
any  acetate  on  fusion  with  potassic  hydrate. 

(1891)  Haloid  derivatives  of  the  Acids  of  the  Acrylic 
Series. — A  number  of  these  have  been  obtained  chiefly  by 
methods  analogous  with  those  which  are  employed  in  preparing 
haloid  derivatives  of  the  olefines — i.e.,  by  withdrawing  the  elements 
of  a  molecule  of  haloid  acid  from  di-  or  more  highly  substituted 
lialoid  derivatives  of  acids  of  the  acetic  series,  or  by  combining 
acids  isologous  with  the  acids  of  the  acrylic  series  with  the 
lialogens  or  haloid  acids.  Demar9ay  has  prepared  several  chlori- 
nated acids  by  acting  on  methyl-  and  other  derivatives  of  ethylic 
acetoacetate  of  the  form  CH3.CO.CH(C„H2„+^).COOC2H5  and 
CH3.CO.C(C,,H2n+i)2.COOC2H5     with     phosphoric    peutachloride 
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and  heating  the  product  (Compt.  Rend.,  Ixxxiv.  1087).  At 
present,  however,  we  have  little  knowledge  of  any  except  those 
derived  from  acrylic  acid. 

(1892)  CHLORACRYLIC  AciDS ;  a- Chloracrylic  acitZ*  CHClzzCH.COOH, 
is  best  obtained  by  acting  on  ethylic  trichlorolactate  (1804)  witii  nascent  hydrogen 
from  zinc  and  hydrochloric  acid;  it  is  also  produced  when  chloralide  (1805)  is 
similarly  treated  (Wallach,  Ann.  Chem.  P/^arm.,  cxciii.  28;  Deut.  chem.  Ges. 
Ber.,x.  569,  2131).  It  crytallizes  in  plates  melting  at  85"  (185°  F.), 
moderately  soluble  in  water ;  when  boiled  with  a  solution  of  banc  hydrate,  it 
yields  malonic  acid  (Pinner). 

^•Ghlor acrylic  acid,  CH^ZZCCLCOOH,  is  produced  on  heating  ethylic 
a/S-dichloropropionate,  CH^CLCHCLCOOCJlg,  with  a  solution  of  baric 
hydrate.  It  crystallizes  in  thin  needles  grouped  in  bundles,  which  melt  at  65'' 
(149°  r.);  when  heated  above  the  melting-point,  it  gradually  becomes  solid 
and  insoluble  in  water.  It  is  converted  into  carbacetoxylic  acid  (1820)  when 
digested  in  aqueous  solution  with  argentic  hydrate  (Werigo  and  Werner,  ibid. 
X.  1499;  Ann.  Chem.  P harm.,  clw.  170). 

An  acid,  which  Irom  its  mode  of  formation  should  possess  the  same  formula, 
is  obtained  on  boiling  the  silver  salt  of /3^-dichloropropionic  acid  (1769)  with 
water,  but  it  is  said  to  be  liquid.  This  aoid  readily  combines  with  hydrochloric 
acid,  forming  /3--dichloropropionic  acid  ;  and  by  the  action  of  nascent  hydrogen  in 
acid  solution,  it  is  converted  into  propionic  acid  (Otto  and  Beckurts,  Deut.  chem. 
Ges.  Ber.,  x.  1948). 

a^-Dlchloracrylic  acid,  CCl.zzCH.COOH. — According  to  Wallach  (Ann. 
Chem.  Fharm  ,  cxciii.  19),  this  acid  is  formed  on  reducing  chloralid  with 
nascent  hydrogen.  It  crystallizes  in  fine  needles  or  prisms,  melting  at  77° 
(i70°*6F.),  but  if  heated  to  above  the  melting-point  and  then  quickly  CQoled 
and  again  fused  it  melts  at  64°  (i47°'2  F.).  It  is  remarkable  that  it  does 
not  combine  with  bromine  even  at  200°  (392°  F.).  When  gently  heated  in 
aqueous  solution  with  baric  hydrate,  it  is  apparently  converted  into  chloro- 
propiolic  acid,  CCl^C.COOH,  which,  however,  very  readily  undergoes  decom- 
position into  carbonic  anhydride  and  spontaneously  inflammable  chloracetylene 
{Deut.  chem.  Ges.  Ber.,  xii.  57).  Bennett  and  Hill  {ihid.,  xii.  655)  have 
obtained  an  isomeric  dichloracrylic  acid,  which  probably  therefore  has  the  formula 
CHClZI CCl.COOH,  by  the  action  of  alkalies  on  mucochloric  acid  (1923). 
It  crystallizes  in  very  volatile  small  rhombic  prisms,  melting  at  86  (186  "6  F.). 
When  boiled  with  baric  hydrate  solution,  it  behaves  in  precisely  the  same 
manner  as  the  corresponding  dibromo-acid. 

(1893)  Bromacrylic  Acids;  a-Bromacrylic  acid,  CHBr~CH.COOH, 
obtained  by  the  action  of  nascent  hydrogen  on  tribromolactic  chloralid  (p.  894) 
crystallizes  in  fine  needles,  melting  at  ii6°(240°'8  F.).  It  combines  with 
bromine  (Wallach). 

^-Bromacrylic  acid,  CH  — CBr.COOH,  prepared  from  ^--dibroir^npro- 
pionic    acid,t    crystallizes  in    rectangular    plates    melting    at   70°   (158°    F.) 


*  This  acid  is  usually  termed  the  j3-acid  and  the  isomeric  acid  the  a-acid  ;  it 
is  here  termed  the  a-acid  in  accordance  with  the  system  indicated  on  p.  861 
(foot-note),  and  as  being  a  member  of  the  a-series  of  di-derivatives  of  ethylene. 

f  In  preparing  this  acid,  an  amorphous  insoluble  colloidal  substance  ot  the 
empirical  formula  C3HP3  is  frequently  produced  ;  in  fact,  the  acrylic  compounds 
generally  are  highly  prone  to  undergo  conversion  into  bodies  of  this  kind 
(comp.  Wagner  and  ToUens,  ibid.,  clxxi.  355). 
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(Phillipi  andTollens,  Ann.  Chem.  Pharm.,  clxxi,  333).  According  to  Wagner 
and  Tollens  (ibid.,  clxxi.  340),  ajS-dibromopropionic  acid  yields  a  bromacrylio 
acid  which  resembles  that  from  the  /3"^-acid  in  every  particular  except  that  the 
potassic  salt  of  that  derived  from  the  former  crystallizes  in  rhombic  tablets,  and 
the  potassic  salt  of  that  derived  from  the  latter  in  rectangular  plates.  The 
acids  from  both  sources  combine  with  hydrobromic  acid,  forming  a^-dibromo- 
propionic  acid. 

a^'Dihromacrylic  acid,  CBr^ZZCH.COOH,  formed  by  boiling  an  aqueous 
solution  of  tribromosuccinic  acid  (Fittig  and  Petri,  ibid.,  cxcv.  70),  and  by 
combining  bromopropiolic  acid  with  hydrobromic  acid  (Hill),  crystallizes  from 
water  in  large  glistening  plates,  melting  at  86°  (i86°*8  F.). 

a^-Dibromacrylic  acid,  CHBr~CBr.COOH. — An  acid  which  probably 
has  this  formula  is  obtained  by  decomposing  mucobromic  acid  (1923)  with 
baric  hydrate  solution  :  C.H.Br.Og  +  OH^  -  CgH^Br^O^  +  HCOOH  (Jackson  and 
HiW,  Beut.  chem.  Ges.  Ber.,  xi.  1674;  xi.  658).  It  crystallizes  from  ether 
in  small  rhombic  prisms  of  the  same  melting-point  as  the  a^-acid.  By  boiling 
with  baric  hydrate  solution,  it  is  resolved  into  hydrobromic  acid  and  bromo- 
propiolic acid,  CBr^C.COOH ;  the  latter,  however,  is  partially  converted  into 
bromacetylene  and  carbonic  anhydride,  and  partially  into  malonic  acid. 

(1894)  Haloid  derivatives  of  the  Acids  of  the  foemula 
CjjHg.COOH. — Two  isomeric  monochlorocrotonic  acids  are  obtained  by  the  action 
of  phosphoric  pentachloride  on  ethylic  acetoacetate  and  treatment  of  the  product 
with  water,  &c.  (p.  910);  one  of  these  volatilizes  readily,  the  other  with  difficulty, 
in  a  current  of  steam.  The  less  volatile  or  a-chlorocrotonic  acid  crystallizes  in 
monoclinic  prisms  melting  at  94°"^  (202°* i  F.),  and  boiling  at  about  212° 
(4I3°'6  F.).  It  is  easily  soluble  in  hot  water,  alcohol  or  ether.  According  to 
Geuther,  it  loses  the  elements  of  a  molecule  of  hydrochloric  acid  when  heated 
with  potassic  hydrate  solution,  being  converted  into  tetrolic  acid  (comp.  1910). 
As  it  is  converted  into  crotonic  acid  (1887)  by  the  action  of  nascent  hydrogen  from 
sodium  amalgam,  a-chlorocrotonic  acid  has  the  formula  rHg.CCllzCH.COOH. 

The  isomeric  jS-chlorocrotonic  acid,  termed  by  Geuther  chloroquartenylic 
acid,  is  difficultly  soluble  even  in  hot  water ;  it  melts  at  59°*5  (i39°'l  F.), 
and  boils  at  195°  (383°  F.).  On  treatment  with  nascent  hydrogen,  it  is 
converted  into  isocrotonic  acid.  It  does  not  yield  tetrolic  acid  when  treated 
with  potassic  hydrate  solution.  It  has  already  been  pointed  out  (p.  958)  that 
crotonic  and  isocrotonic  acids  probably  have  the  same  formula,  and  if  this  be  the 
case  we  must  represent  these  two  chlorocrotonic  acids  by  the  same  formula. 

A  third  chlorocrotonic  acid  is  obtained  by  reducing  the  trichlorobutyric  acid 
formed  on  oxidation  of  trichlorotetraldehydrol  (1632  ;  Sarnow),  or  by  the  action 
of  potassic  cyanide  on  an  alcoholic  solution  of  the  latter  compound  (Wallach,  ibid., 
X.  1529),  Although  somewhat  similar  in  appearance  to  the  a-acid,  it  melts  at 
97°'5  ^-  (2o7°"5  F.),  and  does  not  yield  tetrolic  acid  when  submitted  to  the 
action  of  potassic  hydrate  (Kahlbaum,  ibid.,  xii.  2335;  comp.  1900). 

Chlorometh acrylic  acid,  CHClZlC(CH3).C00H,  is  one  of  the  products  of 
the  action  of  chlorine  on  citra-  and  mesaconic  acids  (1898).  It  crystallizes  from 
water  in  long  colourless  needles  melting  at  59°  (i38°*2  F.).  The  trichloro- 
butyric acid  formed  by  combining  this  acid  with  chlorine  yields  dichlorometh- 
acrylic  acid,  CCi.^ZlC(CH2).C00H,  when  decomposed  by  alkalies  (Gottlieb, 
Morawski,  Jour.  pr.  Chem.  [2],  xii.,  i,  369). 

Bromometh acrylic  acid,  CHBrIzC(CH3).C00H,  is  obtained  in  a  similar 
manner  by  boiling  the  aqueous  solution  of  the  dibromo-acids  formed  by  com- 
bining citra-  and  mesaconic  acids  with  bromine  (comp.  Fittig  and  Landolt,  Ann. 
Chem.  Pharm.,  clxxxviii.  84  j  Morawski,  loc.  cit).      It  crystallizes  in  long  flat 
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needles,  melting  at  65°  (149°  F.)  j  it  is  converted  into  jsobutyric  acid  by  the 
action  of  nascent  hydrogen  Irom  sodium  amalgam.  Di-  and  tribromomethacrylic 
acids  have  been  prepared  by  Cahours  {Ann.  C/iem.  Fharm.,  Sup.  ii.  349). 

A  bromocrotonic  acid  is  formed  by  the  action  of  alkalies  on  the  dibromo- 
butyric  acid  resulting  from  the  combination  of  crotonic  acid  with  bromine  ;  at 
the  same  time,  however,  a  portion  of  the  acid  is  decomposed  into  bromopropylenfe, 
hydrobromic  acid,  and  carbonic  anhydride  (Korner,  ihid.,  cxxxvii.  234). 

§  VII.     Acids  of  the  CJL^^_^  (COOH)^  Series. 
(1^95)  The  following  terms  of  this  series  are  known  : 
^^lei^^acid      \     ^H/'moTT^ 

Fumaricacid     .......  /  H^aV^^^^), 

Citraconic  acid \ 

Mesaconic  acid |  «  „  ,    ^^    . 

Itaconicacid \  C^H.CCOOH), 

Crotaconic  acid ) 

Hydromuconic  acid C^Hj(COOH) 

Hexahydrophthalic'acili    *.     \     .     \       }      ^e^^ioC^^^H) 
Camphoric  acid C8H,^(COOH)2 

Those  of  the  formula  C2H2(COOH)2  and  CgH^CCOOHjg  are  strictly 
homologous^  but  the  remaining  acids  represent  very  different 
types. 

(1896)  FuMARic  Acid:  C4HPy  =  C00H.CH=CH.C00H.— 
Fumaric  acid  occurs  naturally  in  a  number  of  plants,  as  Fumitory 
(Pumaria  officinalis),  Corydalis  bulbosa,  Lichen  islandicus^  severail 
species  of  Boletus,  &c.  It  is  produced  on  boiling  malic  acid  with 
fuming  hydrochloric  or  hydrobromic  acid  (comp.  1855),  but  is 
most  conveniently  prepared  by  heating  this  acid  at  about  140^* — 
150°  (284° — 302°  F.)  for  a  considerable  time  until  water  is  no 
longer  given  off.  Werigo  and  Tanatar  have  shown  {ibid.,  clxxiv. 
^6"])  that  a  small  quantity  of  fumaric  acid  is  formed  together 
with  optically  inactive  malic  acid  on  heating  ethylic  aj3-dichlo- 
ropropionate  with  an  alcoholic  solution  of  potassic  cyanide. 
According  to  Carius,  "  trichloropheno malic  acid/^  obtained  by 
the  action  of  chlorous  acid  on  benzene,  yields  fumaric  acid  when 
decomposed  by  boiling  with  baric  hydrate  solution  {Deut.  chern. 
Ges.  Ber.,  iv.  928)  ;  if,  as  Krafft  has  stated  (foot-note,  p.  795), 
"  trichlorophenomalic  acid ''  is  none  other  than  trichloroquinol, 
this  method  of  formation  is  of  especial  interest. 

Fumaric  acid  crystallizes  in  colourless  prisms,  sparingly  soluble 
in  cold,  but  readily  in  hot  water ;  if  heated  in  a  narrow  glass 
tube,  the  greater  part  sublimes  without  melting  at  about  250  — 
280° (482°— 536^  F.),but  if  distilled,  it  for  the  most  part  decom- 
poses into  water  and  maleic   anhydride.      By  heating  it  with  a 
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■large  quantity  of  water  at  150°  (302°  F.),  tlie  greater  partis 
converted  into  inactive  maleic  acid  (comp.  p.  941) ;  on  the  other 
hand,  if  maleic  acid  is  heated  with  a  small  quantity  of  water  at 
1 80°  (356°  F.),  it  is  almost  completely  converted  into  fumaric  acid 
(Jungfleisch,  Bull.  Soc.  Chem.,  xxx.  147). 

(1897)  Maleic  Acid:  C4H408  =  C00H.CH=CH.C00H.— 
This  acid  is  formed  together  with  fumaric  acid  on  distilling  malic 
acid  (1863)  ;  and  also  on  heating  argentic  succinate  mixed  with 
sand  at  about  108^  (226^*  4  F.)  (Bourgoin).  To  prepare  the. pure 
acid,  malic  acid  is  completely  converted  into  maleic  anhydride  by 
repeated  distillation,  and  the  latter  is  then  boiled  with  water. 

Maleic  acid  is  easily  soluble  even  in  cold  water,  from  which  it 
crystallizes  in  oblique  rhombic  prisms  melting  at  130^  (266^  F.); 
it  decomposes  on  distillation  into  water  and  maleic  anhydride, 
Maleic  acid  exhibits  the  greatest  tendency  to  undergo  conversion 
into  the  isomeric  fumaric  acid,  this  change  taking  place  when  it 
is  heated  for  some  time  at  about  its  nii  el  ting-point,  or  when  it  is 
boiled  w^ith  dilute  nitric  or  sulphuric  acid.  If  the  finely  powdered 
acid  be  shaken  with  a  cold  saturated  solution  of  hydrobromic  acid, 
it  rapidly  dissolves,  but  almost  immediately  crystals  begin  to 
separate,  and  in  a  few  minutes  the  liquid  solidifies  to  a  pasty 
mass ;  if,  after  removing  the  mother-liquor,  the  mass  of  crystals 
is  treated  with  cold  water,  a  part  dissolves,  leaving  a  residue  Or 
fumaric  acid,  that  which  has  dissolved  consisting  of  monobromo- 
succinic  acid.  Precisely  similar  results  are  obtained  with  maleic 
anhydride.  In  both  cases,  the  two  products  are  obtained  in  a 
constant  proportion  even  when  very  different  amounts  of  hydro- 
bromic acid  are  employed,  and  it  would  almost  appear  that  a 
compound  of  the  formula  COOH.CgHg.CO.O.CO.CgHgBr.COOH 
is  produced,  which,  however,  is  at  once  decomposed  by  pure 
water  (comp.  1 8^^) ;  Fittig  and  Dorn,  Attn.  Chem.  Fhurm., 
clxxxviii.  Sy). 

Maleic  and  fumaric  acids  readily  combine  with  nascent 
hydrogen,  being  both  converted  into  succinic  acid ;  their 
behaviour  with  bromine  and  hydrobromic  acid  has  already  been 
described  (1855)  ;  the  same  products  are  obtained  from  both  on 
electrolysis  of  solutions  of  their  potassic  salts — viz.,  acetylene, 
hydrogen  and  potassic  carbonate.  Fumaric  acid  is  converted 
into  fumaric  chloride,  C2H2(C0C1)2,  by  phosphoric  pentachloride ; 
maleic  chloride  is  not  known.  The  two  acids  differ  in  crystalline 
form,  amount  of  water  of  crystallization,  and  solubility.  Maleic 
acid  is  not  precipitated  by  argentic  nitrate,  but  a  neutral  maleate 
yields  a  white  precipitate  which  becomes  crystaUiue  on  standing; 
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even  very  dilute  solutions  of  fumaric  acid,  however,  furnish  a 
white  amorphous  precipitate  of  argentic  fumarate.  Ferric  salts 
do  not  produce  a  precipitate  in  neutral  solutions  of  either  acid. 

Ethereal  salts  of  fumaric  acid  may  be  prepared  by  the  ordinary  methods  and 
by  distilling  the  correspandin*,'  malates.  Methyllc  fumarate  is  a  crystalline 
body;  it  melts  at  102°  (2i5''-6  P.),  and  boils  at  192°  (377°-6  P.)-  Ethylic 
fumarate  is  an  oily  liquid;  it  boils  at  218°  {^24^°'^  h\).  Both  combine 
readily  with  bromine.  Corresponding  maleates  are  formed  by  acting  on  argentic 
maleate  with  methylic  and  ethylic  iodide  free  from  iodine.  Both  are  liquids ; 
methylic  maleate  boils  at  205°  (401°  F.);  ethylic  maleate  at  225°  (437°  F.). 
On  merely  warming  with  a  little  iodine,  they  are  readily  and  completely  con- 
verted into  the  corresponding  fumarates  (Anschiitz,  Deut.  chem.  Ges.  Ber.,  xii. 
22,  80). 

Maleic  anhydride,  €2112(0202)0.— Both  maleic  and  fumaric  acid  are  con- 
verted into  this  compound  on  distillation ;  it  is  a  crystalline 
at  60°  (140°  F.)  and  boiling  at  196°  (384°'8  F.).     Its 
Bponds  with  the  formula  O^H^Og  (Huebuer  and  Schreiber^  ^(^vf^^n^cm.  L^ij^'Wi.     ^i,' 
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(1898)  Pyrocitric  Acids. — No  less  than  fo!Si^.^^(^eriQ5.acii 
of  the  formula  C3H4(COOH)3  are  known,  three  ofSS[iTGh^?^r«-l^^^.  ^ 
ita-  and  mesaconic  acid — are   obtained  more  or  less  directly-  i*OBa  '"^ 
citric  acid. 

Citraconic  acid,  CH3.C(COOH)ZZCH.COOH,  is  prepared  from  citraconic 
anhydride,  which  is  obtained  by  distilling  citric  acid.  Ordinary  citric  acid  is 
distilled  as  rapidly  as  possible  in  quantities  of  not  more  than  250  grams,  and  the 
oily  product  is  rectified  two  or  three  times,  the  portion  boiling  at  about  214° 
(4i7°"2  F.)  being  collected  apart ;  1000  grams  of  citric  acid  treated  in  this 
manner  yield  a  little  over  200  grams  of  the  anhydride*  (comp.  Fittig  and 
Landolt,  Ann.  Chem.  Pharm.,  clxxxviii.  71).  If  the  anhydride  thus  obtained 
is  mixed  with  a  small  quantity  of  water,  it  is  soon  converted  into  a  crystalline 
mass  of  citraconic  acid.f 

Mesaconic  acid,  CH3.C(C00H)ZZCH.C00H,  is  prepared  from  citraconic 
anhydride  by  boiling  down  a  mixture  of  two  parts  of  the  anhydride,  two  parts 
water,  and  three  parts  of  nitric  acid  of  sp.  gr.  i'074  (one  part  ordinary  acid  and 
four  parts  water),  until  red  fumes  are  evolved  ;  the  acid  which  separates  from  the 
solution  on  cooling  requires  only  to  be  once  recrystallized  from  water.  A  good  yield 
of  this  acid  may  also  be  obtained  by  evaporating  a  solution  of  citraconic  acid  in 
concentrated  hydrochloric  acid  to  a  small  bulk,  and  recrystallizing  the  product 
from  water  (Fittig  and  Landolt). 

Itaconic   acid,  CH2Z:C(COOH).CH2.COOH,  may  be  obtained  in  almost 


*  Citraconic  anhydride  is  not  the  immediate  product  of  decomposition.  The 
citric  acid  is  in  the  first  place  resolved  into  water  and  aconitic  acid  ;  this  latter 
then  breaks  up  into  carbonic  anhydride  and  itaconic  acid,  which,  however,  undergoes 
decomposition  and  yields  water  and  citraconic  anhydride.  A  considerable  quan- 
tity of  acetone  is  also  produced,  and  even  the  citraconic  anhydride  does  not 
distil  entirely  unchanged  (see  Xeronic  acid  ;    1903). 

t  According  to  Engelhardt  {Ann.  Chem.  Pharm.,\y.yi.  246),  asmall  quantity 
of  citraconic  acid  (anhydride)  is  produced  on  dry  distillation  of  lactic  acid.  It  is 
also  formed  in  small  quantity  by  the  decomposition  of  pyruvic  acid  (Bottinger, 
Dent.  chem.  Ges.  Ber.,  Lx.  1823). 
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theoretical  quantity  by  heating  pure  citraconic  anhydride  with  2 — 3  volumea 
of  water  in  a  closed  vessel  for  6 — 8  hours  at  150°  (302°  F.)  ;  the  solution  is  set 
aside  to  crystallize,  and  the  filtrate  from  the  crystals  is  afterwards  concentrated, 
and  when  it  no  longer  deposits  crystals  of  the  acid,  it  is  mixed  with  a  small 
quantity  of  water,  and  again  heated  as  before  (Fittig  and  Landolt). 

Citraconic  acid  crystallizes  in  large  glistening  four-sided  prisms,  melting  at  80* 
(176°  F.),  extremely  soluble  in  water;  when  carefully  heated  in  small  quantity  at 
about  100°  (2I2°F.)  it  is  converted  into  itaconic  acid,  but  on  distillation  it  is 
resolved  into  the  anhydride  and  water.  It  appears  to  be  appreciably  volatile  with 
vapour  of  water ;  probably,  however,  it  does  not  volatilize  as  such,  but  as  the 
anhydride  (Fittig). 

Mesaconic  acid  crystallizes  in  fine  white  needles,  melting  at  202°  (395°*6), 
soluble  in  38  parts  of  water  at  14°  (57°'2  F.) ;  it  sublimes  undecomposed  at  a 
temperature  a  few  degrees  above  its  melting-point,  but  is  resolved  into  citraconic 
anhydride  and  water  on  distillation. 

Itaconic  acid  crystallizes  in  rhombic  prisms,  melting  at  161°  (32i°'8  F.),  at 
about  which  temperature  it  sublimes  unchanged,  but  it  also  is  resolved  into 
citraconic  anhydride  and  water  on  distillation ;  it  dissolves  in  1 7  parts  of  water 
at  10°  (50°  F.). 

Citra-,  ita-  and  mesaconic  acids  readily  combine  with  nascent  hydrogen,  and  on 
treatment  of  their  aqueous  solutions  with  sodium  amalgam  or  on  digesting  their 
alcoholic  solutions  with  zinc  dust,  they  are  each  converted  into  methylsuccinio 
(pyrotartaric)  acid  (1847  ;  eomp.  Bottmger,  Deut.  chem,  Ges.  Ber.,  ix.  1821), 
0H3.CH(C00H).CH.^.C00H.  They  combine  with  bromine,  however,  to  form 
isomeric  dibromo-acids  of  the  formula  C3H^Br._j(COOH)2  (comp.  p.  935).  The 
action  of  chlorine  is  similar  to  that  of  bromine,  but  the  resulting  dichloro-acids 
are  |iighly  unstable,  and  when  formed  in  presence  of  water  exchange  one-half 
their  chlorine  for  hydroxyl ;  citra-  and  mesaconic  acids  are  thus  converted  into 
cJilorocitramalic  acid,  CgH^Cl(0H)(C00H)2 ;  itaconic  acid  forming  the 
isomeric  chloritamalic  acid.  These  same  products  appear  to  be  formed  by 
the  combination  of  the  pyroeitric  acids  with  hypochlorous  acid.  The  action  of 
cblorine  on  an  aqueous  solution  of  sodic  citraconate  takes  place  with  -consi- 
derable energy,  much  heat  being  developed,  and  besides  chlorocitramalic  acid, 
tricnlorobntyric  acid  and  trichloracetone  are  obtained  in  considerable  quantity  as 
end-products  of  the  reaction.  Doubtless  a  part  only  of  the  dichloro-acid,  which 
is  first  produced,  is  converted  into  chlorocitramalic  acid,  a  part  being  resolved 
into  chlorocrotonic  acid,  which  combines  with  chlorine  forming  trichlorobutyric 
acid ;  the  trichloracetone  is  probably  a  product  of  the  action  of  chlorine  on 
chlorocitramalic  acid.  Sodic  mesaconate  and  itaconate,  which  are  attacked  with 
much  less  energy,  furnish  an  almost  pure  product*  (Morawski,  Jour.  pr.  Chem. 
[2],  vii.  158;  x.  88  ;  xi.  450  ;  xii.  369  ;  Gottlieb,  ibid.,  xii.).  Similar  bye-products 
appear  to  be  formed  by  the  action  of  bromine  on  citraconic  acid  in  a  neutral  or 
alkaline  solution.  The  behaviour  of  the  pyroeitric  acids  with  the  haloid  acids  has 
already  been  described  (p.  935).  When  heated  with  a  concentrated  solution  of 
potassic  sulphite,  they  all  form  the  same  sulphosalt,  CgHj(C00K)2(S0gK) 
(Wieland,  Ann.  Chem.  Pharm.,  clvii.  34).  Concentrated  solutions  of  potassic 
citra-  and  mesaconate  yield  ordinary  allylene  (methylacetylene)  CH^.C^CH,  on 
electrolysis ;  potassic  itaconate,  however,  furnishes  an  isomeric  hydrocarbon 
(dllene),  which  probably  has  the  formula  CH^zCzCH^,  as  it  is  incapable  of 
forming  metallic  derivatives  (Aarland,  Jour.  pr.  Chem.  [2],  vi.  256;  vii.  142). 

When  citraconic  acid  is  heated  with  nitric  acid  (sp.  gr.  1*45),  a  violent  reaction 


*   It  would  appear  that  in  all  cases  citraconic  acid  enters  into  reaction  with 
other  bodies  much  more  readily  than  either  mesa-  or  itaconic  acid. 
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ttikes  place,  and  a  small  quantity  of  an  oily  product  is  obtained,  consisting  of 
two  substances  which  may  be  separated  by  crystallization  from  alcohol.  The 
more  soluble — the  eulyte  of  Baup — crystallizes  from  chloroform  in  large,  very 
perfect  prisms,  melting  at  99°-5  (2 1  i°-i  F.) ;  it  has  the  formula  C^HgNp^.  The 
second  body,  Baup's  dyslyte,  crystallizes  from  boiling  alcohol  in  fine  needles,  melt- 
ing at  189°  (3  72°*  2  F.) ;  its  composition  is  represented  by  the  formula  CgHgN^O,. 
Both  are  decomposed  by  potassic  hydrate  with  formation  of  brown  resinous  pro- 
ducts (Bassett,  Chem.  Soc.  Jour.,  1872,  xxv.  98). 

The  pyrocitric  acids  furnish  a  number  of  well-crystallized  salts.  They  differ 
considerably  in  their  behaviour  with  ferric  chloride,  a  neutral  solution  of  mesa- 
conic  acid  behaving  exactly  like  a  neutral  succinate  (comp.  Aarland).  Th^e 
ethereal  suits  require  examination. 

Lv  '  The  constitution  of  the  pyrocitric  acids  will  be  discussed  later  on  (p.  985). 

■  '  (1899)  Ckotaconic  acid,  isomeric  with  the  pyrocitric  acids,  is  prepared  from 
chlorocrotonic  acid  (m.p.  9 7°' 5  C),  by  acting  on  the  ethylic  salt  of  this  acid  with 
potassic  cyanide,  and  treating  the  resulting  potassic  cyanocrotonate  with  hydro- 
chloric acid.  It  is  a  crystalline  body,  melting  at  1 19°  (2 46°' 2  F.),  which  is  distin- 
guished from  the  isomeric  acids  by  the  readiness  with  which  it  is  decomposed 
with  evolution  of  carbonic  anhydride  ;  this  decomposition  commences  at  about 
130° — 135°  (266°— 275°  F.),  and  takes  place  rapidly  at  140°  (284°  F.),  at  which 
temperature  neither  citra-  nor  mesaconic  acid  yields  any  gas  (Claus,  Ann.  Chem. 
Pharm.  cxci.  68).  This  behaviour  points  to  the  formula  CH^-CHziC  (COOHX, 
and  consequently,  if  crotaconic  acid  is  formed  by  the  mere  displacement  of  the 
chlorine  in  the  chlorotonic  acid  by  carboxyl,  the  latter  acid  should  be  represented 
by  the  formula  CH3.CHzCCl.COOH.  But  if  this  latter  be  adopted,  it  is  difficult 
to  account  for  the  production  of  tricarballylic  acid  (1880)  from  the  chlorocrotonic 
acid  in  question,  and  on  the  whole  the  formula  CH^Cl.CHzCH.COOH  would 
appear  to  be  the  most  probable  for  this  acid.  The  production  of  crotaconic  acid 
must  then  be  regarded  as  the  final  result  of  a  series  of  changes  analogous, 
perhaps,  to  those  occurring  in  the  formation  of  crotonic  acid  from  allylic  iodide 
(comp.  Pinner,  Deut.chem.  Ges.  Ber.,  xii.  2053). 

(1900)     Haloid  and  Hydroxy-derivatives  of  Maleic,  Fu- 
MARic  AND  THE  Pyrocitric  Acids. — The  following  are  known  : 

Bromo'derivaiives  ofMaleic  and  Fumaric  Acids. — The  recent  researches  of 
Fittig  and  Petri  appear  to  show  that  only  two  acids  of  the  formula  C^HBr(COOH), 
exist,    and    not  four    as  has  been  supposed ;  their  formation  has   already  been 
'described  (1855). 

I        Bromomaleic  acid  crystallizes   from  water  in  large  well-formed  transparent 
I  prisms,  melting    at   128°  (262°*4  F.).     On   distillation  it  is    decomposed  into 
f  water  and  bromomaleic  anhydride  ;  when   boiled  with  a  dilute  solution  of  hydro- 
fbromic  acid  it  undergoes  isomeric  change,  being  converted  into  broraofumaric 
acid  ;  on  treatment  with  a  saturated  solution  of  hydrobromic  acid  at  the  ordinary 
temperature,  it  readily  combines  with  it;  it  also  unites  with  it  at  ordinary  tem- 
peratures, so  that  in  all  respects  its  behaviour  is  analogous  with  that  of  maleic  acid. 
Bromofumaric  acid  (Kekule's  isobromoraaleic  acid)  crystallizes  from  water  in 
large    thick    plates,  melting   at  178"  (352°'4  P.).     It    also    is    converted  into 
bromomaleic  anhydride  on  distillation ;  but  it  is  only  slowly  converted   into  a 
dibromosuccinic  acid  on  treatment  with  a  cold  saturated  solution  of  hydrobromic 
acid,  and  it  also  unites  much  more  slowly  than  the  isomeric  acid  with  bromine, 
thus  resembling  fumaric  acid. 

Both  acids  furnish  fumaric  acid  free  from  maleic  acid  on  reduction,  and  the 
conversion  of  the  one  acid  into  the  other  may  be  effected  through  the  anhy- 
dride, since  the  latter  combines  with  water  to  form  bromomaleic  acid. 
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On  treatment  of  the  chloride  of  the  formula  aHC](C0Cl)3  obtained  from 
tartaric  acid  (p.  943)  with  water,  an  acid  is  formed  which  has  hitherto  been 
regarded  as  chLoromaleic  acid,  C.,HC1(C00H)^  (Perkin  and  Duppa),  but  there 
is  no  proof  that  this  is  not  chlorol'u marie  acid. 

An  acid  of  the  formula  C^Br^lCOOHj^  is  one  of  the  products  of  the  action 
of  bromine  and  water  on  succinic  acid  (comp.  Fittig  and  Petri). 

Chlorocitraconic  acid  can  only  exist  in  aqueous  solution.  Chlorocitraconir 
aw%c?Wrfe,  C^HgClOg,  is  formed  on  distilling  chlorocitramalic  acid  (1872);  it 
crystallizes  in  large  pktes,  melting  at  100°  (212°  P.),  but  it  volatilizes  com- 
pletely at  much  lower  temperatures;  it  dissolves  very  slowly  in  cold  water 
(Swarts,  Bull.  Acad.  Bclg.,  1872,  xxxiii.  31  ;  Gottlieb,  Jowr.  jpr.  Chem. 
[2],  viii.  73.). 

Bromocitraconic  anhydride,  CgHgErO^,  is  obtained  by  the  action  of  bro- 
mme  on  pyrotartaric  acid ;  also  on  distilling  dibromocitrapyrotartaric  acid 
(P-  935)'  '^""i  on  treating  citraconic  anhydride  with  a  single  molecular  propor- 
tion of  bromine.  It  is  said  that  a  dibromo-derivative  may  also  be  prepared  by 
this  latter  method  (Cahours).  Bromocitraconic  anhydride  dissolves  in  water, 
forming  the  corresponding  acid,  but  it  may  be  crystallized  from  boiling  water,  so 
unstable  is  the  acid,  separating  either  as  an  oil  which  soon  solidifies,  or  in 
glistening  plates  melting  at  98°  (2o8°'4  P.).  Broniocitraconates  may  be  pre- 
pared from  the  aqueous  solution  in  the  ordinary  manner  (Kekule,  Cahours, 
Lagermarck,  Zeits.  Chem.  [2],  vi.  299). 

Chloritaconic  acid,  C,H,C10,,  is  formed  when  aconic  acid,  C^H.O.,  is  heated 
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with  fuming  hydrochloric  acid ;  it  is  a  crystalline  body,  but  slightly  soluble  in 
cold  water,  and  when  heated  with  water  readily  splits  up  into  aconic  and  hydro- 
chloric acids.  Bromitaconic  acid,  C.IrLBrO,,  is  formed  in  a  similar  manner,  or 
by  heating  itadibromopyrotartaric  acid  alone  or  with  water,  and  behaves  similarly 
(Swarts,  Bull.  Acad.  Belg.,  1872,  xxxiii.  31). 

Hydroxymaleic  acid,  C^Hp^  =  C2H(OH)(COOH)2. — According  to  Bourgoin 
(^Compt.  Rend.,  Ixxvi.  1265),  this  acid  is  produced  on  boiling  a  solution  of 
argentic  broujomalate ;  it  crystallizes  rn  long  slender  needles,  easily  soluble  in 
water  and  alcohol. 

Dihydroxyfumaric  acid,  C^H^g  =  C2(OH)2(COOH)2,  is  formed  when  fumaric 
acid  is  oxidised  by  means  of  potassium  permanganate.  It  is  a  white  crystaUij)e 
body  less  soluble  in  water  than  oxalic  acid  (Tanatar,  Deut.  chem.  Ges.  Ber., 
xii.  2293,  and  xiii.  159). 

Hydroxycitraconic  acid,  C.HgOg  =  C3H3(OH)(COOH).2. —  Chlorocitraconic 
acid  does  not  exchange  its  chlorine  lor  hydroxyl  when  boiled  with  a  solution  of 
baric  hydrate,  but  hydroxycitraconic  acid  may  be  obtained  by  withdrawing  the 
elements  of  a  molecule  of  hydrochloric  acid  from  chlorocitramalic  acid  by  boiling 
its  baric  salt,  either  with  water  alone  or,  which  is  better,  with  a  solution  of 
baric  hydrate.  It  crystallizes  in  large  prisms,  very  soluble  in  water ;  when 
heated  for  some  time  at  120°  (248°  P.)  it  is  converted  into  a  white  spongy  mass, 
which  slowly  dissolves  in  water,  forming  citratartaric  acid  (187  i)  ;  this  latter  is 
also  formed  on  heating  the  acid  or  its  baric  salt  with  water  at  120°  (248°  P.). 
Hydroxycitraconic  acid  very  readily  combines  with  hydrochloric  acid,  forming 
the  acid  of  the  formula  C3H3Cl(COOH)2 ;  this  latter  crystallizes  in  glister/ing 
rhombic  plates,  melting  at  161^  (321*^-8  P.);  it  is  reconverted  into  the  parent 
acid  by  heating  its  baric  salt  with  a  solution  of  baric  hydrate ;  on  dry  distilla- 
tion, it  is  resolved  into  propionic  acid,  carbonic  oxide,  carbonic  anhydride,  and 
hydrochloric  acid  gases,  thus  differing  entirely  from  the  isomeric  chlorocitramalic 
acid  (Morawski,  Jour.pr.  Chem.  [2],  x.  68  ;  xi.  430). 

Hydroxyitaconic  acid,  isomeric  with  hydroxycitraconic  acid,  is  obtained  in 
a  similar  manner  from  chloritamalic  acid,  and  by  the  addition  of  the  elements  of 
a  molecule  of  water  to  aconic  acid  (q  v.)j  it  does  not  crystallize  (Gottlieb,  Jour. 
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pr.  Chem.  [2],  xi.  450).     No  haloid-  or  hydroxy-derivatives  of  mesaconic  acid 
are  known. 

(1901)  Acids  OF  the  formula  C^H^O^.— The  only  acid  of  this  formula 
at  present  known  is  hydromuconic  acid,  obtained  by  the  action  of  nascent 
hydrogen  on  chloroinuconic  acid  (1878).  It  forms  long  needles,  meltino-  at  ioc:° 
(383°  F.)   (Limpricht).  °         ^^ 

As  pointed  out  on  pp.  885,  887,  sodic  a-hydroxypropionate  is  decomposed  by 
heating,  with  loss  of  the  elements  of  a  molecule  of  water,  the  residue  consisting  of 
sodic  acrylate  and  of  a  sodic  salt  of  the  same  empirical  composition  as  this  latter, 
which,when  brought  into  contact  with  water,  combines  with  it,  formino-  a  so-called 
paradipimalate.  Wislicenus  regards  this  sodic  salt  as  derived  from  a  diacryUc  acid, 
CgHgO^,  which,  however,  cannot  be  isolated  {Ann.  Chem.  Pharm.,  clxxiv.  285). 

(1902)  Dehydeo-acids  related  to  Itaconic  Acid. — In  this  category 
arelncluded  acoiiic,  paraconic  and  hydroxyparaconio  acid,  which  are  monobasic 
acids  farmed  by  the  withdrawal  of  the  elements  of  a  molecule  of  water  from 
hydroxyitaconic.  itamalic  and  itatartaric  acid  (187 1)  respectively;  muconic  acid, 
homologous  with  aconic  acid,  may  also  be  described  here. 

Aconic  acid,  C^H^O^,  is  best  prepared  by  neutralizing  a  solution  of  itadibromo- 
pyrotartaric  acid  with  sodic  carbonate,  then  boiling  it,  and  again  neutralizino*  it 
from  time  to  time  with  the  carbonate  until  one  and  a  half  molecular  proportions 
of  the  latter  has  been  employed  ;  tiie  sodic  aconate,  which  crystallizes  from  the 
solution  on  cooling  in  thin  plates,  is  then  decomposed  by  dilute  sulphuric  acid 
and  the  acid  extracted  with  ether. 

Aconic  acid  crystallizes  from  water,  in  which  it  is  very  soluble,  in  trans- 
parent rhombic  prisms,  melting  at  i64°(327°'2  F.);  it  carbonizes  when  heated 
at  a  higher  temperature.  Its  salts,  which  are  represented  by  the  general  for- 
mula CjHgO^M',  are  obtained  by  neutralizing  the  aqueous  solution  of  the  acid 
with  metallic  carbonates,  and  with  the  exception  of  the  silver  shU  are  easily 
soluble  in  water ;  metallic  hydrates  cannot  be  employed  in  their  preparation, 
as  they  at  once  give  rise  to  the  production  of  hydroxyitaconates.  By  boiling 
aconic  acid  with  an  excess  of  baric  hydrate,  the  oxyitaconate  first  produced  is 
in  great  part  resolved  into  a  mixture  of  formate  and  succinate  (corap.  Meilly, 
ibid.,  clxxi.  155) 

Paraconic  acid,  CgH^O^. — To  prepare  this  acid,  a  solution  of  itachloropyrotar- 
taric  acid  is  boiled  with  argentic  carbonate,  and  the  argentic  paraconate,CgHgAgO^, 
which  crystallizes  in  needles  as  the  liquid  cools,  is  decomposed  with  hydric  sulphide. 
It  is  crystalline,  but  very  soluble  in  water.  The  paraconates  may  be  obtained 
by  decomposing  a  cold  solution  of  the  silver  salt  with  metallic  chlorides  ;  by 
heating  their  solutions,  they  are  converted  into  acid  itamalates  (Swarts). 

Hydroxyparaconic  acid,  CgllgOg. — The  calcic  salt  of  this  acid  is  formed 
on  boiling  an  aqueous  solution  of  chloritamalic  acid  (Morawski,  Jou7\  pr.  Chem. 
[2],  xi.  450). 

The  relation  of  these  three  acids  to  each  other  and  to  itaconic  acid  is 
indicated  by  the  following  formulae : 

CH2  CH.O  CH-.O  CHj  — 0 

II  II      I  II  11 

C.COOH  C-CO  CH-CO  C(OH).CO 

CH,.COOH  CH.,.COOH        CH,.COOH  CH^.COOH 

Itaconic  acid.  Aconic  acid.  Paraconic  acid.  Hydroxyparaconic  acid. 

Muconic  acid,  CgH^O^.  is  formed  on  adding  argentic  oxide  to  a  hot  aqueous 
solution  of  dibrom-Adipic  acid  fromhydromuconic  acid  (1855)  ^^  ^*^"o  «^  the  brown- 
black  colour  of  the  former  disappears,  then  removing  the  dissolved  silver 
by  means  of  hydrochloric  acid  or  hydric  sulphide,  and  concentrating  the  filtered 
solution  on  the  wdter  bath  ;  it  crystallizes  in  large  raonoclinic  prisms,  easily 
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soluble  in  water.     When  boiled  with  an  excpss  of  a  solution  of  baric  hydrate,  it  is 
resolved  into  acetic  and  succinic  acid  (Limpricht  and  Delbruck,  ibid.,  clxv.  274) : 
CH.CO 

C^O  +      2OH,    =   CH3     ^     0,H,{^^^H 

C^H^.COOH  COOH 

(1903)  Xeeonic  Acid:  C^H^p^  =  C^H^„(C00H),.— Citraconic  anhydride 
begins  to  decompose  at  about  150°  (302°  F.)  with  evolution  of  carbonic  anhy- 
dride ;  when  it  is  distilled,  the  greater  part  passes  over  at  about  214°  (41 7°'2  F.), 
but  the  thermometer  then  rises  gradually  to  2^0°  (482°  F.),  and  an  oil  distils 
over  which  is  a  mixture  of  citraconic  and  xeronic  anhydrides.  If  it  is  boiled 
for  about  two  hours  in  a  vessel  attached  to  a  reversed  condenser,  it  is  converted 
into  a  brown  viscid  syrup,  and  on  submitting  this  to  distillation  about  one- 
fourth  is  obtained  boiling  at  213° — 220°  (4i5°'4 — 428°  F,),  after  which  the  ther- 
mometer gradually  rises  to  280°  (536°  F.),  a  brown-yellow  oil  passing  over ;  much 
of  this  is  volatile  in  a  current  of  steam,  but  a  portion  remains  as  a  brown  viscid 
mass  insoluble  in  ammonia.  Citraconic  anhydride  mixed  with  only  one-sixth 
of  its  volume  of  water  does  not  decompose  when  similarly  treated. 

On  distilling  the  mixture  of  xeronic  and  citraconic  anhydrides  with  steam, 
the  former  passes  over  as  a  heavy  oil  only  slightly  soluble  in  water;  in  the  pure 
state,  it  boils  constantly  at  242°  (467°*6  F.),  and  remains  liquid  even  at — 18° 
(o°'4  F.).  The  acid  itself  does  not  appear  capable  of  existing,  although  its 
salts  are  readily  obtained.  The  anhydride  dissolves  only  very  slowly  in  a  cold 
solution  of  sodic  carbonate,  although  readily  soluble  in  a  hot  solution ;  if  the 
liquid  is  supersaturated  with  hydrochloric  acid,  it  is  at  first  perfectly  clear,  but 
soon  becomes  turbid  from  the  separation  of  the  anhydride.  If  the  anhydride 
is  digested  at  a  gentle  heat  with  water  and  calcic  carbonate,  and  the  filtered 
solution  is  then  boiled,  calcic  xeronate,  CgHj^O^Ca  +  OH^,  is  deposited  as  a 
flocculent  precipitate  which  soon  becomes  dense  and  crystalline.  The  baric  salt 
is  obtained  in  a  similar  manner.  Xeronic  anhydride  does  not  combine  either 
with  nascent  hydrogen  or  bromine,  and  as  xeronic  acid  is  polymeric  with 
methacrylic  acid  (p.  958),*  and  this  latter  acid  or  its  derivatives  are,  under 
certain  circumstances,  readily  obtained  from  citraconic  acid,  it  appears  probable 
that  the  two  acids  are  related  in  the  manner  indicated  by  the  following  formulie 
(Fittig,  Ann.  Chem.  Pharm.,  clxxxviii.  59): 

CH,  CH,.C(CHJCOOH     CH„.C(CH3)C0x 

II    "  I     '  I        '  I    *  I        '"       X) 

C(CH3).C00H  CH2.C(CH3)  COOH     CH2.C(CH3)  CO^ 

Metliacrj  lie  acid.  Xeronic  acid.  Xeronic  anhydride. 

Hexydrophthalic  acid,  the  isomeride  of  xeronic  acid,  will  be  referred  to 
under  phthalic  acid. 

(1904)  Camphoric  Acids;  CjgHjgO^=CgHi^(COOH),.— A 
number  of  niodificatioDS  of  camphoric  acid  have  been  obtained 
which  do  not  appear  to  differ  in  so-called  chemical  properties  ; 
like  the  tartaric  acids,  they  are  distinguished,  however,  by  their 
behaviour  in  polarized  lij^ht  and  other  differences  in  their  physical 
properties. 

*  The  polymerization  of  methacrylic  acid  referred  to  on  p.  958,  is  readily 
effected  by  heating  the  acid  in  closed  tubes  at  130°  (266°  F.).  It  is  completely 
converted  into  a  white  porcelain-like  mass,  which  swells  up  in  water,  but  without 
dissolving.  This  product  is  scarcely  affected  by  any  of  the  ordinary  reagents 
(Fittig,  Deut.  cJtem.  Ges.  Ber.,  xii.  1739  '  ■^"^'  Chem.  Fharm.,  cc.  70). 


1904]  CAMPHORIC    ACIDS.  975 

Dextrocamphoric  or  ordinary  camphoric  acid  is  formed  by  the  oxidation 
of  ordinary  camphor  with  nitric  acid.  It  is  obtained  without  difficulty  by 
heating  the  camphor  with  nitric  acid  of  about  i  -3  sp.  gr.  for  several  days  on  the 
water-bath,  the  operation  being  best  performed  in  a  large  flask  having  a  tube 
3 — 4  ft.  long  to  act  as  condenser  fitted  to  its  neck.  When  the  oxidation  is  at 
an  end,  as  shown  by  the  evolution  of  red  fumes  ceasing  almost  entirely,  the 
liquid  is  drained  from  the  solid  mass  of  acid  and  unoxidized  camphor,  and  the 
latter  either  digested  with  a  solution  of  sodic  carbonate,  or  submitted  to  steam 
distillation,  in  order  to  separate  the  camphoric  acid  from  the  camphor ;  a  con- 
siderable quantity  of  camphoric  acid  is  also  obtained  on  evaporating  the  nitric 
acid  solution. 

Camphoric  acid  is  sparingly  soluble  in  cold,  but  moderately  in  hot  water, 
and  easily  soluble  in  alcohol.  It  crystallizes  from  water  in  hard  semi-transparent 
prismatic  crystals,  melting,  it  is  ordinarily  said,  at  about  176°  (348°'8P.); 
according  to  Kachler  {Ann.  Chem.  Fharm.,  cxcvii.  92),  the  acid  purified  by 
conversion  first  into  the  soluble  baric  salt  and  then  into  the  insoluble  cupric 
salt,  and  repeated  recrystallization  from  water,  crystallizes  from  alcohol  in  large 
transparent  monoclinic  prisms  melting  at  178°  C.  (corr.  i8o°7  C).  Riban, 
however,  states  that  the  corrected  melting-point  is  187°  (368°*6  F.),  and  Arm- 
strong finds  184°  C.  (uncorr.). 

In  an  aqueous  solution,  or  in  acetic  acid  solutions  containing  from  3  to  1 2 
grams  per  100  c.c,  it  has  the  apparent  sp.  rob.  power  [a]ij=46°;  but  its 
apparent  sp.  rot.  power  in  alcoholic  solutions  containing  from  2*5  to  19  grams 
per  100  c.c.  is  [a]D=47°"5  (Landolt). 

Camphoric  acid  readily  dissolves  in  concentrated  sulphuric  acid  ;  on  the  addi- 
tion of  water,  camphoric  anhydride,  C^gH^^Og,  is  precipitated.  If  the  sulphuric 
acid  solution  is  heated  at  about  60°  (140°  F.),  pure  carbonic  oxide  is  evolved 
and  so-called  sulphocamphoric  acid,  a  dibasic  acid  of  the  formula  C^^H^gSOg,  is 
produced  (comp.  Kachler,  ibid.,  clxix.  178).  By  fusing  camphoric  acid  with 
potassic  hydrate,  pimelic  acid  (1849)  ^^  obtained;  if  distilled  with  calcic 
hydrate,  it  yields  phorone  (1684).  When  heated  with  bromine,  it  forms  a 
dibromide,  Cj^H^gBr^O^,  which  crystallizes  in  ruby-red  prisms,  but  is  so  unstable 
that  it  decomposes  on  mere  exposure  to  tlie  air  into  bromine  and  camphoric  acid 
(Wreden,^6^o?.,  clxiii.330).  By  heating  camphoric  acid  with  a  large  excess  of  very 
concentrafced  hydriodic  acid  at  200° — 280°  (392° — 536°  F.),  it  is  decomposed 
into  hexhydrometaxylene,  CgHjQ(CH3)2,  and  carbonic  anhydride ;  tetrahydrome- 
taxylene,  CgH^^,  is  also  produced  when  a  less  concentrated  acid  is  employed. 
A  hydrocarbon  isomeric  with  hexhydrometaxylene  is  formed  in  small  quantity  on 
dry  distillation  of  cupric  camphorate  (Wreden,  ibid.,  clxxxvii.  156). 

LcevocampJioric  acid,  formed  by  oxidation  of  the  laevorotatory  camphor 
from  oil  of  feverfew  {Matricaria  partherium) ,  is  said  to  resemble  dextro- 
camphoric acid  in  all  respects  excepting  that  it  has  the  power  of  rotating  the 
polarized  ray  in  an  opposite  direction,  but  to  a  precisely  equal  extent  (Chautard). 

Paracamphoric  acid. — On  mixing  together  concentrated  alcoholic  solutions, 
of  Isevo-  and  dextrocamphoric  acid,  considerable  heat  is  developed,  an  abundant 
precipitate  of  optically  inactive  paracamphoric  acid  being  produced.  The  same 
acid  is  obtained  by  oxidation  of  the  inactive  camphor  of  oil  of  lavender.  By 
heating  this  acid  with  a  mixture  of  alcohol  and  sulphuric  acid,  the  correspond- 
ing ethylic  salt  is  obtained,  but  on  saponification  this  yields  an  acid  which  differs 
considerably  from  that  employed  in  its  preparation,  being  almost  insoluble  in  all 
ordinary  media  (Chautard,  Compt.  Bend.,  Ivi.  698). 

MesocampJioric  acid. — On  heating  dextrocamphoric  acid  for  a  considerable 
time  with  hydriodic  acid  of  sp.  gr.  r6  at  about  160^  (320°  F.),  or  with  very  con- 
centrated h3^drochloric  acid  at  about  140°  (284''  F.),  it  is  converted  into  the  more 
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soluble  optically  inactive  mesocatnphoric  acid.  This  acid  separates  from  a  hot 
concentrated  aqueous  solution  as  an  oil,  but  crystallizes  from  a  dilute  solution 
in  fine  needles,  melting  at  113°  (235°'4  F.).  Tt  appears  to  be  less  readily  con- 
verted into  the  anhydride,  being  precipitated  by  water  unchanged  from  its 
solution  in  cold  concentrated  sulphuric  acid ;  the  anhydride  obtained  by  heating 
it  above  its  melting-point  resembles  ordinary  camphoric  anhydride  in  crystalline 
form  and  melting-point  (Wreden,  Ann.  Chem.  JPharm.,  clxiii.  323). 

According  to  Jungfleisch  [Bull.  Soc.  Chem.,  1873,  xix.  530),  if  campho- 
ric acid  is  heated  with  water  at  180° — 220°  ^356° — 428°  F.),  its  rotatory  power 
is  almost  entirely  destroyed,  and  a  mixture  of  two  isomeric  acids  is  produced  in 
proportions  varying  with  the  temperature  ;  they  are  best  separated  by  crystalliza- 
tion from  acetic  acid.  The  more  soluble  acid  is  probably  mesocamphoric  acid 
and  the  less  soluble  Chautard's  paracamphoric  acid  ;  by  repeated  recrystallization 
however,  the  latter  is  resolved  into  two  optically  active  modifications  of  equal  but 
opposite  rotatory  power. 

Synthetic  camphoric  acid. — By  oxidizing  the  camphene  derived  from  tin 
monohydrochloride  prepared  from  French  oil  of  turpentine  (1268)  with  chromic 
acid,  a  camphor  is  produced  which,  like  natural  camphor,  is  optically  active  but 
IsBvorotatory  (  [«]d  =  ~  13°"6)  ;  on  oxidizing  this  camphor  with  nitric  acid,  a 
Ifevorotatory  camphoric  acid  (  [a]D=  ~^'S)  is  obtained,  which,  however,  melts  at 
197°  (386^-6  F.)  (Riban,  Ann.  Chem.  Phys.  [5],  vi.  387).  By  treating  the 
optically  inactive  camphene  formed  by  the  action  of  sulphuric  acid  on  the 
terpenes,  an  inactive  camphoric  acid  melting  at  about  202°  (395°'6  F.)  is  pro- 
duced (Armstrong  and  Tilden,  Jour.  Chem.  Soc.  Trans ,  1879,  P-  757)* 
Dextrocamphene  from  the  monohydrochloride  from  American  turpentine 
yields  a  dextrorotatory  camphoric  acid  having  similar  properties,  which  apparently 
is  also  produced  on  directly  oxidizing  the  monohydrochloride  prepared  from  Ameri- 
can turpentine  with  nitric  acid  (Armstrong). 

(1905)  Camphoeic  Anhydride,  Cj^H^^Og. — This  body  is  obtained  with  the 
greatest  facility  by  merely  distilling  camphoric  acid,  or  by  dissolving  it  in 
sulphuric  acid  and  precipitating  with  water ;  it  crystallizes  from  alcohol  in 
glistening  prisms  melting  at  217°  (422'6  F.),  and  boils  above  270°  (518°  F.) 
without  undergoing  decomposition.  It  is  converted  into  the  acid  only  by 
prolonged  boiling  with  water,  in  which  it  is  slightly  soluble ;  but  it  readily 
dissolves  in  alkalies,  at  once  undergoing  hydration.  On  treatment  with  phosphoric 
pentachloride,  it  yields  camphoric  chloride,  CgHj^(C0Cl)2,  as  an  oily  liquid  which 
decomposes  on  distillation.  When  triturated  with  baric  peroxide  and  water,  it 
furnishes  a  solution  having  powerful  oxidizing  properties,  which  Brodie  ascribes 
to  the  presence  of  a  compound  of  camphoric  peroxide  with  baric  oxide. 

The  anhydride  obtained  from  synthetical  camphoric  acid  has  a  higher  melt- 
ing-point (234°  C.)  than  that  from  ordinary  camphoric  aeid. 

Camphoric  anhydride  combines  with  bromine,  forming  a  dibromide  which 
decomposes  into  bromine  and  the  anhydride  on  mere  exposure  to  the  air ;  but  if 
it  is  heated  with  bromine  at  110° — 130°  (230° — 266°  F.),  it  is  converted  into 
bromocampJioric  anhydride,  C^gH^^BrOg,  a  crystalline  substance  melting  at 
215°  (419°  F.).  This  compound  exchanges  its  bromine  for  hydroxyl  when 
boiled  with  water,  forming  hydroxy  camphoric  anhydride,  0^^^11^3(011)0^. 
This  latter  body  possesses  somewhat  remarkable  properties.  It  crystallizes 
from  alcohol,  in  which  it  is  moderately  soluble,  in  needles  melting  at 
200°  (392°  F.)  ;  but  when  crystallized  from  water,  it  forms  hydrated  crystals 
which  become  anhydrous  on  exposure  over  sulphuric  acid  in  vacuo.  By 
saturating  its  solution  in  anhydrous  alcohol  with  hydrochloric  acid,  it  is  con- 
verted into  the  ethylic  salt  ^iq^^J^S^J^^^^,  which  crystallizes  in  thin  prisms 
luelting  at  63°  (i45°*4  F.).     Corresponding  metallic  salts  are  readily  obtained. 
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The  cadmic  salt  forms  transparent  prisms  of  the  composition  (C^^H  3O  ).Cd  +  3OH, , 
which  are  rendered  anhydrous  by  heating  at  100°  (212°  F.). 

By  heating  bromocamphoric  anhydride  with  a  concentrated  sohition  of 
ammonia  at  150°  (302°  F.),  it  is  converted  into  amidocamphoric  anhydride, 
^ioHi3(NHj03,  which  crystallizes  from  alcohol  in  long  needles  molting  at  208** 
(406°  F.).  Amidocamphoric  acid,  C^ ^J^^R^{COOB.)^,  is  obtained  by  boiling 
this  compound  with  a  dilute  solution  of  potassic  hydrate,  &c. ;  it  crystallizes  in 
glistening  prisms,  and  melts  at  160°  (320°  F.),  but  is  at  the  same  time  converted 
into  the  anhydride  and  water.  Amidocamphoric  anhydride  and  acid  are  both 
converted  into  hydroxycamphoric  anhydride  when  boiled  with  a  concentrated 
solution  of  potassic  hydrate,  or  submitted  to  the  action  of  nitrous  acid  (Wreden, 
Ann.  Chem.  Pharm.,  clxiii.  330). 

(1906)  Acids  fosmed  together  with  Camphoeic  Acid  by  oxidation 
OF  Camphor.* — Although  camphoric  acid  is  the  chief  product,  it  is  nottheonlv 
acid  formed  on  oxidizing  camphor  with  nitric  acid:  the  mother-liquor  remaining 
after  the  camphoric  acid  has  been  separated  as  far  as  possible  by  crystallization  con- 
tains, besides  a  further  quantity  of  this  acid  and  a  minute  amount  of  the  isomeric 
mesocamphoric  acid,  camphoronic  acid,  CgH^^^g,  hydro-oxycamphoronic  acid, 
CjjHjPg,  an  acid  of  the  formula  CgH^^O^,  an  acid  which  is  probably  represented 
by  the  formula  CyH^.^Oj,  so-called  dinitrohephtylic  acid,  C^H^^^NgOg,  and  lastly  a 
syrupy  acid  of  unknown  formula.  The  separation  of  these  acids  has  been  described 
by  Kachler  (^Ann.  Chem.  P/iarm.,  cxci,  143). 

According  to  Kachler  {Ann.  Cliem.  Pharm.,  clxii.  267),  Berthelot's  camphic 
acid,  obtained  by  heating  camphor  at  a  high  temperature  with  an  alcoholic  solu- 
tion of  potassic  hydrate,  consists  of  an  acid  resiti  and  campholic  acid,  Q^Jl^f)^ ; 
but  Montgolfier  {Ann.  Chim,  Phys.  j  5],  xiv.  5)  states  that  it  is  a  mixture  of 
camphic  acid,  Cj^H^gO^,  with  phoronic  acid,  CgH^gO^.  The  properties  assigned 
to  the  former  are  so  indefinite,  however,  that  it  may  be  doubted  whether  such  an 
acid  has  been  separated  in  a  state  of  purity.  According  to  the  latter  observer,  if 
dry  air  is  passed  through  a  solution  of  sodium  camphor  {i.e.,  the  mixture  of 
sodium  camphor  and  sodium  borneol  formed  on  treating  camphor  with  sodium) 
in  boiling  crude  xylene  (b.  p.  125° — 130°  C),  camphic  and  camphoric  acids  and 
a  resin  are  produced ;  but  if  a  mixture  of  sodium  camphor  with  a  considerable 
amount  of  free  camphor  is  heated  in  sealed  tubes  at  280°  (536°  F.),  campholic 
acid  is  produced.  Montgolfier  supposes  that  the  formation  of  campholic  acid  in 
this  manner  is  the  result  of  the  action  of  the  camphor  on  the  sodium  borneol, 

Campholic  acid,  CgH^j.  COOH,  crystallizes  in  thin  prisms  melting  at  106** 
(2  2  2°-8  F.)  ;  it  may  be  distilled  unchanged,  and  is  also  volatile  in  a  current  of 
steam.  Campholic  acid  has  a  considerable  dextrorotatory  power  ([a]j  =  49°'8). 
On  oxidation  with  nitric  acid,  it  yields  camphoric  and  camphoronic  acids,  the 
former  being  also  produced  on  heating  it  with  moist  bromine.  By  distilling 
potassic  campholate  with  soda  lime,  campholene,  a  hydrocarbon  of  the  formula 
CgHjg  is  produced  (Kachler). 

Camphoronic  acid. — According  to  Kachler,  this  acid,  in  the  air-dry  state,  has 
the  formula  C^H^Pg,  and  is  not  altered  by  heating  at  100°  (212°  F.)  :  but  if  it 
be  fu*d,  or  heated  at  130°  (266°  F.),  it  loses  a  molecule  of  water,  becoming 
CjHjP^.     The  anhydrous  acid  melts  at  115°  (239°  F.),  and  the  hydrated  acid 


*  Ballo  has  recently  9\\o\vn  {Deut.  chem.  Ges.  Ber.,  xu.  1597)  that, 
although  camphor  is  not  oxidized  by  heating  at  100°  (212°  F.)  with  a  solution 
of  potassic  dichromate  and  sulphuric  acid  (comp.  1687),  it  undergoes  oxidation 
if  the  solution  be  boiled  ;  the  products  are  the  same  as  when  nitric  acid  is 
employed  (Kachler,  ibid.,  xiii.  1487). 
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at  about  110°  (230°  F.).  According  to  Kissling  [Inaug.  Diss.  Tilhingen, 
1878),  the  body  CgHj_.0^  is  the  true  acid;  but  this  loses  a  molecule  of  water 
on  heating  at  about  80°  (176^  F.),  and  is  converted  into  the  dehydro-acid 
CgH^^Og,  which  melts  at  137°  (2  78°"6  F.)  ;the  latter  volatilizes  to  an  appreciable 
extent  even  at  80°  (176°  F.). 

Camphoronin  acid  forms  white  microscopic  needles,  extremely  soluble  in  water, 
alcohol,  and  ether.  Its  most  characteristic  salt  is  the  baric  salt,  which  is  precipi- 
tated on  boiling  an  ammoniacal  solution  of  the  acid  with  baric  chloride.  This 
salt,  according  to  Kachler,  has  the  formula  (vgHgBagOj  +  OH^,  being  deprived  of 
a  molecule  of  water  by  heating  at  165°  (329°  F,).  By  digesting  an  alcoholic 
solution  of  the  acid  with  sulphuric  acid,  a  diethylic  salt  of  the  formula 
C  ^if^^i^^^^-i  is  produced  ;  this  salt,  however,  partially  decomposes  on  distilla- 
tion into  alcohol  and  a  monethylic  salt  of  the  formula  Cj^Hj^(C2 1 15)0^  is  derived 
from  the  dehydro-acid,  CgH^.^Og;  this  monethylic  sfilt  is  also  obtained  on  submit- 
ting the  diethylic  salt  to  the  action  of  acid  chlorides  (Kissling).  Camphoronic  acid 
is  not  affected  by  nascent  hydrogen,  but  on  fusion  with  potassic  hydrate  it  yields 
butyric  acid  (Kachler),  being  decomposed  in  accordance  with  the  eqnat'on 
CjHjjjOg  +  H,  +  HjO  =  2C^Hg02  4-  CO2 ;  according  to  Kissling,  however,  acetic 
and  uobutyric  acids  are  produced. 

The  acid  CgHj.,0.  is  not  altered  by  bromine  even  at  135°  (275°  F.),  but  the 
hydrated  acid  CgHj^Og  is  converted  by  its  action  into  oxycamplioronic  acid, 
CjH^Pg.  This  acid  crystallizes  in  large  prisms  of  the  composition 
Cgllj^Og  +  OH.,,  which  become  anhydrous  at  100°  (2 1 2°  F.)  ;  the  anhydrous  sub- 
stance melts  at  210°  (410°  F.),  and  may  be  distilled  unchanged.  It  does  not 
appear  to  be  capable  of  exchanging  more  than  two  atoms  of  hydrogen  for 
metals  (Kachler).  According  to  Montgolfier  {loc.  cit.),  camphoronic  acid  is 
optically  active   ([a>  =    -  18°  42'). 

Hydro-oxycamphoronic  acid :  CgH^^Og. — This  acid  crystallizes  from  water 
in  large  triclinic  prisms,  melting  at  i64°'5  (32S°*i  F.)  ;  it  is  moderately 
soluble  in  cold  and  very  easily  soluble  in  hot  water.  Hydro-oxy camphoronic 
acid  appears  to  be  tribasic,  as  it  exchanges  three  atoms  of  hydrogen  for  the 
equivalent  amount  of  metal  on  treatment  with  metallic  carbonates.  When 
heated  with  bromine,  it  is  converted  into  a  new  acid,  melting  at  226°  (438°'8  F.); 
this  probably  has  the  formula  Cfi^ff^. 

Phoro7iic  acid,  CgHj^Og,  is  almost  insoluble  even  in  boiling  water,  but 
very  soluble  in  alcohol,  from  which  it  crystallizes  in  thick  plates,  melting  at  169° 
(336°'2  F.)  ;  at  a  higher  temperature  it  appears  to  distil  unchanged.  It  has  a 
considerable  dextrorotatory  power  {[a]^  =  +  23°).  The  metallic  phoronates 
are  mostly  insoluble  in  water,  but  soluble  in  alcohol  (Montgolfier). 

Dinitrohephtylic  acid  :  CgH^^^NgOg. — This  acid,  discovered  by  Kullhem 
{Ann.  Cliem.  Pharm.,  clxiii.  231),  has  been  further  investigated  by  Kachler 
{ibid.,  cxci.  155).  It  is  slightly  soluble  in  cold,  more  easily  soluble  in  hot  water, 
crystallizing  from  the  latter  in  white  laminae,  which  are  seen  under  the  micro- 
scrope  to  consist  of  rhombic  plates.  It  melts  at  215°  (419°  F.),  and  may  be 
volatilized  unchanged  if  very  carefully  heated,  but  if  quickly  heated  it  decom- 
poses with  detonation.  Dinitrohephtylic  acid  acts  as  a  monobasic  acid,  yielding 
a  number  of  well  crystallized  salts.  By  the  action  of  sodium  amalgam  on  its 
alcoholic  solution,  mononitrohephtylic  acid,  CgH^^NO^,  is  produced,  half  the 
nitrogen  being  eliminated  as  ammonia;  this  latter  compound  exhibits  the  beha- 
viour of  the  so-called  pseudonitrols  (1204).  By  the  action  of  tin  and  hydro- 
chloric acid,  dinitrohephtylic  acid  is  decomposed  with  formation  of  methylisopro- 
pylketone,  CH3.CO.CH(CH3)2,  hydroxylamine,  ammonia  and  carbonic  anhy- 
dride J  alkalies  act  upon  it  in  a  similar  manner.     Mononitrohephtylic  acid  yields 
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mefchylisopropylketone  and  hydroxy! amine  when  decomposed  by  nascent  hydrogen. 
From  these  reactions,  it  appears  probable  that  dinitrohephtylic  is  a  derivative  of 
diraethethacetic  acid  (Kachler)  : 

C(N0J,.CH3  CH^.CH, 

C(CH3)^.C00H  C(CH,),.COOH 

Dinitrohephtylic  acid,  Dimethethacetic  acid. 

(1907)  Constitution  of  Camphoric  Acid. — It  has  ah-eady  been  pointed 
out  under  camphor  (p.  792)  that  the  formulae  which  have  been  proposed  lor  this 
acid  do  not  satisfactorily  express  its  general  behaviour.  The  readiness  with 
which  it  is  converted  into  the  anhydride  necessitates  the  assumption  that  the 
carboxyl  groups  are  associated  with  contiguous  carbon  atoms  as  in  phthalic  acid 
(q.  V.) ;  iU  conv3rsion  into  hexhydrometaxylene  when  heated  with  hydriodic  acid 
(Wreden)  renders  it  highly  probable  that  it  is  a  derivative  of  this  hydrocarbon. 
The  most  probable  formulae  for  camphor  and  camphoric  acid,  when  these  facts 
are  considered,  would  appear  to  be  the  following  (comp.  Armstrong,  Deut.  chem. 
Ges.  Ber.y  xi.  1698): 

CH.  CHa  CH„  CH, 

/\  /\  /\  /N 

HjC        CH CH\  HaC        CH.COOH  CH3.HC        CH.CH\        CH3.HC       CH.COOH 

I        i  I       >0  I         I  I  I      I      \o  II 

CHj.HC        C{CH3).CH/      CH3.HC       C(CH3).C00H  o^         HjC         CH.CHy  HgC      CH.COOe 

\/  \/  \X  \/ 

CHa  CHa  CH.CH3  CH.CHs 

Camphor.  Camphoric  acid.  Camphor.  Camphoric  acid. 

On  the  supposition  that  camphoric  acid  is  represented  by  the  second  of  these 
formulae,  the  formation  of  a  body  with  the  properties  of  camphoronic  acid  may  be 
supposed  to  take  place  in  the  following  manner,  the  dotted  line  indicating  the 
point  at  which  the  "  chain"  becomes  broken  : 

CH,  CH(OH).COOH  CHo.OH  CHj-O 

/■••.  '    •  I  II 

OH.  HC       CH.COOH  CH.COOH  CH.COOH  CH.  CO 

'1         I  +5(0+OH2)=60Ha+  |  =  CO3+    |  =  OH2+  | 

HgC        CH.COOH  CH.COOH  CH.COOH  CH.COOH 

CH.GHs  C0.CH(CH3)3  CO.CHCCH^a  CO.CH(CHsJ 

Camphoronic  acid  Camphoronic  acid 

(Kissling*).  (Kachler) 

The  formation  of  so-called  dinitrohephtylic  acid  may  also  be  expressed  with  the 
aid  of  the  same  formula  if  it  be  supposed  that  this  acid  has  the  formula 
CH.XCOOH).C(N02)2.CH(CH3)2,  which  differs  but  slightly  from  that  proposed 
by  Kachler,  and  equally  well  represents  his  results.  The  assumption  that 
camphoronic  acid  contains  a  Ketonic  group  is  not,  however,  alogether  in  acccord. 
with  its  properties. 

The  corresponding  formula  for  camphor,  it  will  be  said,  does  not  directly 
account  for  the  formation  of  cymene  or  normal-propylmethylbenzene;  but  there 
can  scarcely  be  a  doubt  that  the  production  of  this  hydrocarbon  involves  a  pro- 
found isomeric  change,  and  admitting  even  that  camphor  contains  the  CgH^  group, 
as  has  been  supposed,  the  whole  of  the  evidence  we  possess  goes  to  show  that  it 
must  contain  iso  and  not  normal  propyl. 

§  VIII.   Acids  of  the  C^H^n"  (COOHjg  Series. 

(1908)  AcoNiTic  Acid  :  CH(C00H)=C(C00H).CH2(C00H) 
=  CHO. — This    acid    is    the    only    member     of     the    series 

6       6      6  * ^ 

*■  Kissling  represents  camphoronic  acid  by  the  slightly  different  formula 
CH(OII)(COOH).CH2.CO.CH(COOH).CH(CH3)2.  He  doubts  whether  it  can  be 
formed  by  the  further  oxidation  of  camphoric  acid. 
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at  present  known.  It  was  originally  discovered  in  Aconitum 
napelluSy  but  has  also  been  obtained  from  other  species  of  Aconi- 
tum, from  Delphinium  consolida,  and  a  number  of  species  of 
Equisetum ;  from  the  juice  of  the  sugar-cane  (Behr)^  &c.  It 
may  be  prepared  from  citric  acid,  either  by  heating  it  alone 
(comp.  Pawolleck,  Ann.  Chem.  Pharm.,  clxxviii.  150),  or  by  passing 
a  current  of  hydrochloric  acid  gas  through  citric  acid  heated  at 
140°  (284°  F.)  (Huuaus,  Dent.  chem.  Ges.  Ber.,  ix.  1751). 

Aconitic  acid  is  very  soluble  in  water,  from  which  it  crystal- 
lizes in  groups  of  small  white  needles;  it  melts  at  about  388° 
(37o°'4  F.),  but  it  is  difficult  to  determine  the  exact  point,  as  in 
melting  it  partially  decomposes  into  itaconic  acid  and  carbonic  an- 
hydride (Behr,  ibid.y  ix.  351).  On  treatment  with  nascent  hydrogen^ 
it  yields  tricarballylic  acid.       But  few  of  its  salts  crystallize  well. 

By  heating  citric  acid  in  sealed  tubes  with  concentrated 
hydrochloric  acid  at  170°  (338  °  F.)  Geuther  and  Hergt  (Jour.pr. 
Chem.  [2],  viii.  372)  have  obtained  a  dibasic  acid  of  the  formula 
CgHjgOg,  which  they  term  diconic  acid;  this  acid  is  also  formed 
by  treating  aconitic  acid  in  a  similar  manner. 

Under  the  name  of  aceconitic  acid,  Baeyer  has  described  an 
acid  obtained  by  the  action  of  sodium  on  ethylic  bromacetate, 
which  is  apparently  isomeric  with  aconitic  acid  (Ann.  Chem. 
Pharm.,  cxxxv.  306). 

§  IX.  Acids  of  the  C^H^^.g-COOH  Series. 

(1909).   This   series  includes   tetrahydrobenzoic  acid,  diallyl- 

acetic   acid,  and   the  following  homologous   acids   derived   from 

hydrocarbons  of  the  acetylene  series  :* 

Tetrolic  acid C3H3.COOH 

Soibicacid C.H^.COOH 

Palmitolic  acid Cj^H^^.COOH 

Stearolicacid C^.Hgj.COOH 

Behenolic  acid ^^'A^  COOH 

(19 10)  Tetrolic  Acid,  Methacetylenecarboxylic  acid: 
C^Hp^  =  Cn3.C^C.C00H,  was  originally  prepared  by  Geuther 
bv  decomposing  ethylic  a-chlorocrotonate  (1894)  by  warming  it 
with  only  a  slight  excess  of  potassic  hydrate  and  a  little  alcohol, 
&c.  {Jour.  pr.  Chem.  [2],  iii.  448).  It  has  since  been  obtained 
by  the  action   of  carbonic   anhydride   gas  on   sodium   allylenc,t 

*  Chloro  and  bromopropiolic  acids  (18^3)  are  derivatives  of  acetylene- 
carboxvlic,  acid,  HC^lC.COOH,  the  first  term  of  the  series. 

t  Sodium  ullylene  is  obtained  by  the  action  of  sodium  on  an  ethereal  solution 
of  allylene.     When  isopropacetylene  is  treated  with  sodium,  it  appears  to  yield 
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CHg.C^CNa  (Lagermark,  Beut.  chem,  Ges.  Ber.,  xii.  853). 
Tetrolic  acid  crystallizes  from  water,  in  which  it  is  very  soluble,  in 
transparent  rhombic  plates, melting  at  ^6"'^  {167°- 7  F.)  ;  according 
to  Geuther,  it  boils  without  decomposition  at  303°  (397°*4  F.),  but, 
according  to  Lagermark,  it  partially  decomposes  and  is  completely 
resolved  into  allylene  and  carbonic  anhydride  atabout2TO°(4io°F.). 
It  is  readily  decomposed  when  heated  with  potassic  hydrate  solu- 
tion, but  yields  volatile  products ;  probably  acetone  and  potassic 
carbonate  are  formed  (comp.  Kahlbaum,  i^ic?.,  xii.  2337). 

(191 1)  SoEBTC  Acid:  C^HgO^  =  C^H^.COOH.— This  acid  is  a  constituent 
of  the  unripe  berries  of  the  mountain  ash  (Sorbus  aucuparia).  It  crystallizes 
in  long  needles,  melting  at  i34°-5  (2  74°-!  F.),  almost  insoluble  in  cold,  but 
moderately  soluble  in  hot  water.  Sorbic  acid  readily  volatilizes  in  a  current  of 
steam.  On  distilling  it  alone,  it  commences  to  boil  at  about  230°  (446°  F.),  but 
does  not  pass  over  entirely,  a  portion  undergoing  conversion  into  a  resinous 
substance ;  the  odour  of  acraldehyde  is  perceptible  during  the  distillation.  It 
very  readily  combines  with  two  atoms  of  hydrogen,  forming  hydrosorbic  acid 
(1889).  It  also  combines  easily  with  bromine,  forming  either  a  dibromide 
(dibromhydrosorbic  acid),  CgHgBr^O.^,  or  a  tetrabromide  (tetrabromocaproic  acid), 
CgHgBr^Ojj,  according  to  the  proportions  employed ;  these  compounds  both 
crystallize  well.  The  tetrabromide  is  reconverted  into  sorbic  acid  by  the  action 
of  nascent  hydrogen.  Sorbic  acid  is  less  readily  acted  upon  by  potassic  hydrate 
than  hydrosorbic  acid,  and  when  fused  with  it  does  not  appear  to  furnish  any 
characteristic  product  (comp.  Fittig  and  Barringer,  Ann,  Chem.  Pharm.,  clxi.  307  ; 
Fittig  and  Kachel,  ihid.,  ckviii.  276,  cc.  55). 

(1912)  DiALLYLACETic  AciD  :  0^11^^^  =  CH(C3H.)2.COOH.— This  acid 
is  obtained  by  the  action  of  alkalies  on  ethylic  acetodiallylacetate  fp.  912).  It 
is  a  colourless  liquid,  boiling  at  224°  (435°-2  F.)  (Eeboul,  Compt.  Bend.,  Ixxxiv. 
1233;  Wolff, -DeM^.  chem.  Ges,  Ber.,  x.  1956). 

(1913)  Palmitolic  acid,  CjgHggOg  =  C^gH^j.COOH,  prepared  from  the 
dibromo-acid  obtained  by  combining  either  hypogseic  or  gaidic  acid  (1890) 
with  bromine  by  heating  it  with  an  alcoholic  solution  of  potassic  hydrate,  &c., 
crystallizes  in  fine  silky  needles,  melting  at  42''(io7°*6  F.),  insoluble  in  water, 


both  sodium  isopropacetylene  and  sodium  isopropethylene,  as  two  acids  corre- 
sponding to  these  bodies  are  formed  on  treating  the  product  with  carbonic 
anhydride  (Lagermark). 

Demar^ay  has  stated  that  when  ethylic  acetoraethacetate  (1827)  is  sub- 
mitted to  the  action  of  bromine,  and  the  resulting  monobrominated  derivative  is 
treated  with  an  alcoholic  solution  of  potassic  hydrate,  a  crystalline  acid  is  obtained 
to  which  he  assigns  the  formula  Cj^H^^Oy  =  3C^H^02  +  OH^ ;  this  acid  is  said  to- 
form  remarkable  salts,  the  group  C^H^O  acting  like  SiO^,  e.g.,  several  such  groups 
uniting  with  one  or  more  molecules  of  baric  oxide.  Homologous  acids  are  formed 
in  a  similar  manner  from  the  homologues  of  ethylic  acetomethacetate,  and  by 
acting  on  the  dibrominated  derivatives  of  the  homologues  of  ethylic  acetoacetate, 
corresponding  hydroxy-acids  are  produced.  These  acids  are  termed  tetricy 
pentic,oxytetric,  &c.,  by  Demar^ay  {Compt.  Bend.,  Ixxxiv.  1032  ;  Ixxxvi.  1085, 
1135  ;  Ixxxviii.  126,  289;  Ixxxvii.  351).  The  formation  of  acids  of  such  a 
composition,  having  such  unusual  properties,  in  this  manner  appears  highly 
remarkable ;  so  much  so  that  their  existence  must  be  regarded  as  problematicaL 
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but  very  easily  soluble  in  alcohol.  It  combines  with,  bromine,  forming  a  dibro- 
mide,  C^gH^gBrgO^,  and  a  tetrabromide,  C^gH^gBr^O^.  On  oxidation  with  nitric 
acid,  it  yields  palmitoxylic  acid,  C^gH^gO^,  a  monobasic  acid  which  crystallizes  in 
plates,  melting  at  6'j°(i^2°-6F.),  together  with  suberic  acid,  CgHj2(COOH)2,  and 
a  third  substance  said  to  be  the  "  aldehyde-acid,"  CgHjpg,  derived  from  suberic 
acid  ;  but  judging  from  the  results  obtained  with  stearolic  acid  (q.  v.)  the  sub- 
stance supposed  to  have  this  composition  was  probably  impure  octylic  acid 
(Schroder,  ibid.,  cxliii.  22). 

(1914)  Stearolic  Acid,  C^gH^^O^  =  C.^Hg^  COOH.— To  prepare  this 
acid,  pure  oleic  acid  is  combined  with  bromine,  and  tiie  resulting  dibromide  heated 
in  the  water-bath  with  an  excess  of  an  alcoholic  solution  of  potassic  hydrate,  &c. 
It  may  also  be  obtained  from  elaidic  acid  (q.  v.)  (Overbeck,  ibid.,  cxl.  39). 
Stearolic  acid  crystallizes  from  alcohol  in  long  white  prisms,  melting  at 
48°  (ii8°'4  F.) ;  when  heated  to  a  temperature  of  about  260°  (500''  F.)  it 
distils  for  the  greater  part  unchanged.  If  mixed  with  a  single  molecule  of 
bromine,  it  forms  the  dibromide  C^gHg^Br^Oj,  but  if  exposed  with  an  excess  of 
bromine  to  sunlight,  the  tetrabromide,  C^^H^^Bi\f)^,  is  produced.  According  to 
Overbeck,  it  yields  stearoxylic  acid,  C^gH3204,  azelaic  acid,  C,Hj^(C00H)2,  and 
the  "  aldehyde-acid"  corresponding  with  tiie  hitter ;  but  according  to  Limpach, 
OverbeckV  aldehyde-acid  is  a  mixture  of  normal  primary  nonylic  (pelargonic) 
acid,  CgHjy.COOH,  with  a  dinitroso-acid  {ibid,  cxc.  294).  Stearoxylic 
acid  crystallizes  from  alcohol  in  yellowish  glistening  plates,  melting  at  SG"" 
(i86°*8  F.);   it  is  monobasic. 

(1915)  Behenolic  Acid,  C„Ji^fi^  =  C^^U^^.C001I,  prepared  from  the 
dibromide  of  erucic  acid,  crystallizes  from  alcohol  in  glistening  needles,  which 
melt  at  57°'5  {^SS°'5  ^•)  ^^^<-^  palmitolic  and  stearolic  acids,  it  does  not  com- 
bine with  nascent  hydrogen,  but  unites  with  bromine  in  two  proportions,  forming 
a  dibromide  and  a  tetrabromide,  both  crystalline.  It  also  behaves  similarly  on 
oxidation  with  nitric  acid,  yielding  a  monobasic  acid  of  the  formula  Cg^H^^O^, 
which  crystallizes  from  alcohol  in  small  glistening  yellowish  plates,  melting  at 
about  91°  (i95°-8  F.),  together  with  brassylic  acid,  CgH^gCCOOH)^,  and  an 
oily  substance  supposed  to  be  the  half  aldehyde  of  this  latter  acid,  but  which 
perhaps  is  impure  endecylic  acid,  CjqH^^.COOH  (Hausknecht,  ibid.,  cxliii.  40). 

(1916)  Teteahydeobenzoic  Acid;  Hydrobenzoic  or  benzoleic  acid, 
CyHjgOj  —  CgHg.COOH. — This  acid, although  having  the  composition  of  amember 
of  the  C,jH2n_3.COOH  series,  is  not  truly  homologous  with  the  acids  previously 
described,  which  undoubtedly  are  all  derivatives  of  hydrocarbons  in  the  formulae 
of  which  the  carbon  atoms  are  represented  as  forming  an  open  chain ;  whereas 
hydrobenzoic  acid  is  derived  from  the  closed  chain  hydrocarbon  OgH^^j  formed 
by  the  union  of  four  atoms  of  hydrogen  with  benzene.  It  is  prepared  by 
digesting  a  hot  saturated  solution  of  benzoic  acid  with  sodium  amalgam,  the 
solution  being  maintained  acid  by  adding  hydrochloric  acid  from  time  to  time ; 
the  solution  of  sodic  salt  thus  obtained  is  then  acidulated  and  the  hydrobenzoic 
acid  extracted  with  ether  (Herrmann,  Ann.  Chem.  Pharm.^  cxxxii.  77).  It 
is  also  formed  together  with  benzylic  alcohol  and  glycine  by  the  action  of 
hydrating  agents  on  so-called  hydrobenzyluric  acid,  C^gH^^NO,,  the  product  of 
the  action  of  nascent  hydrogen  on  hippuric  acid  (Otto,  ibid.,  cxxxiv.  315). 
According  to  Herrmann,  it  is  a  mobile  colourless  liquid,  heavier  than  water,  in 
which  it  is  only  slightly  soluble,  and  possesses  an  extremely  unpleasant  odour 
like  that  of  \  aleric  acid  ;  but  Otto  states  that  it  is  a  crystalline  substance.  Both 
the  acid  and  its  salts  rapidly  undergo  oxidation  on  exposure  to  the  air,  benzoic 
acid  or  a  benzoate  being  formed,  and  therefore  it  is  very  difficult  to  obtain  them 
Dure. 
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§  X.   Acids  of  the  C,H2^_^(C00H),  Series. 

(1917)  Two  acids  of  this  series  are  known,  acetylenedi- 
c.arboxylic  acid,  C2(COOH)2,  and  tetrahydrophthalic  acid  (see 
phthalic  acid),  C^YLJ,COOB.\. 

(1918)  ACETYLENEDICARBOXYLIC    AciD  I      COOH.C^C.COOH 

=  C^HgO^. — This  acid  is  formed  in  almost  theoretical  amount  on 
heating  dibromo-  or  isodibromosuccinic  acid  (1855)  with  excess 
of  an  alcoholic  solution  of  potassic  hydrate ;  a  violent  reaction 
takes  place,  especially  with  the  latter,  and  a  crystalline  precipi- 
tate of  the  potassic  salt  of  the  new  acid  separates  out.  This  is 
dissolved  in  water,  the  solution  acidulated  with  dilute  sulphuric 
acid,  extracted  with  ether,  and  the  ethereal  solution  is  then 
set  aside  to  crystallize.  Acetylenecarboxylic  acid  crystallizes 
with  two  molecules  of  water,  which  it  loses  on  exposure  over 
sulphuric  acid.  It  is  extremely  soluble  in  water,  alcohol  and 
ether  It  decomposes  slowly  at  100°  (212°  P.),  and  very  rapidly 
at  about  180°  (356°  F.).  Its  salts  cr/stajlize  well,  but  are  very 
unstable  (Bandrowski,  Deut.  chem.  Ges.  Ber.j  x.  838;  xii.  2212). 

§  XL  The  Van^t  Hoff-Le  Bel  Hypothesis  of  Isomerism. 
So  many  instances  of  exceptional  isomerism  have  been  referred 
to  in  describing  the  foregoing  acids,  that  it  appears  desirable  to 
discuss  these  before  proceeding  further. 

(19 1 9)  Insufficiency  of  the  present  Theoey  of  Isomerism. — It 
is  now  a  well-established  fact  that  compounds  exist  differing  more  or  Jess  con- 
Biderably  in  certain  physical  properties,  but  so  similar  in  what  is  ordinarily 
termed  their  general  chemical  behaviour  that  they  can  only  be  represented  in 
accordance  with  our  present  system  of  symbolic  notation  by  identical  formulae  : 
in  other  words,  our  present  theory  of  isomerism  is  found  to  be  insufficient. 

The  compounds  referred  to  are,  among  others,  the  diphenylglycols  (hydro- 
benzoins),  mannitol  and  dulcitol  and  the  allied  carbohydrates  of  the  formula 
CgHj^Og  as  well  as  mucic  and  saccharic  acids,  the  lactic  acids,  the  tartaric  acids, 
fumaric  and  maleic  acids,  and  the  two  pyrocitric  acids,  citraconic  and  mesaconic 
acids.  It  will  be  desirable  to  briefly  point  out  the  exceptional  instances  of 
isomerism  afforded  by  these  and  other  compounds  before  describing  the  hypo- 
thesis advanced  by  Van't  Hoff  and  Le  Bel  to  explain  such  cases  of  isomerism. 

Among  hydrocarbons,  the  only  example  of  isomerism  which  apparently 
cannot  be  explained  by  the  existing  theory,  is  that  furnished  by  those  of  the 
formula  Cj^H^g — the  ter penes  and  citrenes*  The  number  of  distinct  terpenes  and 
citrenes  probably  is  much  fewer  than  is  commonly  supposed,  the  majority  of  the 
natural  products  being  mixtures ;  but  whatever  their  number  and  whatever  the 
relation  between  these  two  groups  of  hydrocarbons,  there  can  be  no  doubt  of  the 

*  Excepting  perhaps  sjlvestrene,  all  the  hydrocarbons  of  the  formula  C\„Hj, 
derived  from  various  essential  oils,  &c.,  appear  to  belong  to  one  or  other  of  two 
classes:  those  boiling  at  about  156°  (3i2°-8  F.),  which  are  conveniently  termed 
terpenes,  and  those  boiling  at  about  1 78°  (35  2°-4  F.),  which  may  be  distinguished 
as  citrenes. 


984  van't  hoff-le  bel  hypothesis  op  isomerism.       [19 19. 

existence  of  at  least  two  terpenes — one  dextrorotatory,  the  other  Isevorotatory — 
and  of  at  least  two  similarly  related  citrenes.  Chemically  these  isomeric  terpenes 
appear  to  be  in  no  way  distinguishable,  and  the  same  is  true  of  the  citrenes. 

Among  haloid  derivatives  of  hydrocarbons,  no  such  instances  have  as  yet 
been  met  with.  A  number  of  crystallinebaloid-nitro-derivatives  of  benzene 
have  been  obtained  in  two  or  more  forms,  differing  in  crystallographic  characters 
and  melting-point :  but  in  the  case  of  the  particular  compounds  referred  to,  it 
has  been  found  possible  not  only  to  convert  the  one  form  into  the  other  by 
merely  bringing  the  two  kinds  of  crystals  into  contact,  or  by  adding  the 
crystal  of  the  one  form  to  the  liquid  resulting  from  the  fusion  of  the  other  ; 
but  also  to  effect  the  reverse  change  {i.e.,  to  convert  the  relatively  stable  into 
the  relatively  unstable  modification)  by  suddenly  cooling  the  fused  substance 
(comp.  Jungfleisch,  Ann.  Chim.  Phys.  [4]  xv.,  186  ;  v.  Richter,  Deut. 
ehem.  Ges.  B€r.\\\\.  1427;  Laubenheimer,  ^?;^c?.,  ix.  766).  Such  crystalline 
modifications  are  probably  composed  of  molecular  aggregates  of  different 
degrees  of  complexity  ;*  they  are  sharply  distinguished  from  isomerides  of 
tlie  character  now  under  discussion  by  the  fact  that  although  it  is  possible  to 
convert  the  one  isomeride  into  the  other,  in  some  cases,  by  the  mere  agency  of 
heat,  the  reverse  change  cannot  be  effected  except  perhaps  by  an  indirect  process 
involving  the  combination  of  the  substance  with  some  other  body,  and  the  subse- 
quent removal  of  the  elements  of  this  body. 

The  isomerism  of  the  two  diphenylglycols  know^n  as  hydrobenzoin  and  isohy- 
drobenzoin  has  already  been  discussed  (1525).  Further  experimental  evidence 
of  the  identity  of  the  two  alcohols  from  a  chemical  point  of  view  has  recently  been 
adduced  by  Zincke  and  Breuer  (Ann.  Chem.  PAarm.  cxcviii.,  115),  and  it  would 
appear  to  be  impossible  to  represent  their  behaviour  on  treatment  with  various 
reagents,  except  by  the  employment  of  the  same  formula  for  both. 

Mannitol  and  dulcitol,  being  both  derivatives  of  normal  hexane  and  relatively 
very  stable  compounds,  are  necessarily  represented  by  the  one  formula 
CH2(OH).(CH.OH)^.CH2(OH)  (comp.  p.  559).  Tha  isomeric  carbohydrates 
— dextrose,  Isevulose  and  galactose — which  furnish  these  alcohols  on  hydro- 
genation,  are,  it  can  now  scarcely  be  doubted,  all  bodies  of  the  formula 
0H2(0H).(CH.0H)^.C0H.  Saccharic  and  mucic  acids  must  also  be  represented 
by  one  formula,  C0011.(CH.0H)^.C00H,  both  on  account  of  their  relation  to 
mannitol  and  dulcitol,  and  of  their  general  chemical  behaviour. 

Ordinary  fermentation  lactic  acid  and  the  isomeric  optically  active  acid  do 
not  differ  in  any  of  their  reactions,  but  merely  in  their  optical  characters  and  in 
the  amounts  of  water  of  crystallization  associated  with  some  of  their  salts. 

Dextro-  and  lajvotartaric  acids  exhibit  the  most  absolute  similarity  except- 
ing in  their  behaviour  in  polarized  light  and  the  position  of  a  certain  face  on  the 
crystals  ;  and  the  existing  theory  appears  to  be  quite  incapable  of  explaining  their 
isomerism.  The  relation  which  the  third  modification,  mesotartaric  acid,  bears 
to  them  is  also  at  present  entirely  matter  for  speculation  ;  there  would  appearto 
be  no  reason  to  suppose,  however,  that  it  differs  from  them  in  molecular  weight. 

Several  modifications  of  maleic  acid  corresponding  to  the  several  modifica- 
tions of  tartaric  acid  are  known.  Camphoric  acid  in  like  manner  exists  in  several 
modifications,  corresponding,  it  would  seem,  to  those  of  tartaric  acid. 

The  acrylic  series  affords  several  exceptional  instances,  the  isomerism  of 
crotonic  and  isocrotonic  acids,  of  angelic  and  a/3- dimethacrylic  acids,  and  pro- 


*  The  two  crystalline  modifications  of  dibromopropionic  acid  described  by 
Tollens,  and  the  crystalline  modifications  of  diphenylketone,  phenyitolylketone, 
and  oi  isohydrobenzoin  diacetate  are  also  doubtless  physical  modifications  of  this 
kind. 
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bably  also  of  oleic  and  elaidic  acids,  being  apparently  of  the  character  now  under 
discussion. 

Maleic  and  fumaric  acids,  and  citraconic  and  mesaconic  acids,  are  especially 
interesting  examples  of  exceptional  isomerism.  Maleic  and  fumaric  acids  both 
furnish  ordinary  succinic  acid  wlien  hydrogenized,  and  they  may  be  distilled 
without  losing  the  elements  of  carbon  dioxide  ;  we  must  therefore  consider  the 
two  carboxyl  groups  in  each  acid  to  be  associated  with  different  carbon  atoms. 
But  there  is  only  one  formula  possible  on  such  an  assumption,  viz., 
COOH.CHzzCH.COOH;  unless,  as  Fittig  has  recently  suggested  (Ann.  Chem. 
Fharm.,  clxxxviii.  95),  it  be  supposed  that  in  so-called  unsaturated  compounds 
carbon  atoms  having  free  "  affinities"  may  be  present  (comp.  1058,  1227); 
on  this  assumption,  the  formula  COOH.CH^.C.COOH  is  also  possible. 

Similarly  there  are  only  two  formulae  by  which  it  is  possible  to  represent  the 
three  pyrocitric  acids,  as  they  all  furnish  methylsuccinic  acid  when  hydrogenized ; 
one  of  these,  viz.,  CH2Z:C(COOH).CH2.COOH,  must  be  assigned  exclusively  to 
itaconic  acid  ;  the  second,  viz.,  CH3.C(C00H)l^CH.C00H,  applies  both  to  citra- 
conic and  mesaconic  acids ;  we  may,  however,  as  Fittig  suggests,  represent  the  one 
acid  by  this  formula  and  the  other  by  the  formula  CH3.CH(C00H).C.C00H. 

This  hypothesis,  although  applicable  to  fumaric  and  maleic  acids,  and  to 
the  homologous  pyrocitric  acids,  and  also  to  the  above-mentioned  acids  of  the 
acrylic  series,  does  not,  however,  furnish  any  "  explanation"  of  the  isomerism 
of  saturated  compounds  such  as  raannitol  and  dulcitol,  the  tartaric  acids,  &c. 

The  last  case  of  exceptional  isomerism  among  the  acids  to  which  attention 
may  be  here  drawn  is  that  of  the  two  hexhydromellitic  acids  (q.  v.),  both  of 
which  are  bodies  of  great  stability. 

In  addition  to  the  before-mentioned  instances  among  compounds  in  all  of 
which  carbon  is  the  grouping  element,  the  isomerism  of  sulphur  diethmethiodide 
and  sulphur  ethmethethiodide  (p.  710),  in  which  sulphur  is  the  grouping  ele- 
ment, may  be  mentioned  as  probably  an  example  of  the  same  kind.  Among 
compounds  in  which  nitrogen  is  the  grouping  element,  the  dibenzoylanisyl  and 
dianisylbenzoyl  derivatives  of  hydroxylamine  (q.  v.)  described  by  Lossen,  furnish 
instances  of  isomerism  which  it  is  difficult,  if  not  impossible,  to  explain  in 
accordance  with  the  existing  theory. 

The  formulae  at  present  employed  are  all  constructed  on  the  hypothesis  that 
the  several  "  units  of  affinity"  of  a  polyad  atom  such  as  that  of  carbon,  sulphur, 
or  nitrogen,  are  of  the  same  value  and  have  identical  functions.  The  number  of 
isomerides  possible  on  this  assumption  is  much  fewer  than  on  the  hypothesis 
that  the  several  units  of  affinity  are  not  all  of  the  same  value ;  but  the  admis- 
sion of  this  latter  hypothesis  is  precluded  by  the  fact  that  none  of  the  simpler 
derivatives  of  methane,  &c.,  exist  in  a  greater  number  of  modifi<;ations  than  is 
required  on  the  former  hypothesis  :  for  if  we  bear  in  mind  the  extent  to  which 
the  investigation  of  these  simpler  derivatives  has  been  carried,  it  appears  highly 
improbable  that  some  evidence  of  the  existence  of  this  greater  number  of 
isomerides  would  not  ere  this  have  been  discovered. 

Assuming,  however,  that  graphic  formulae  really  represent  the  relative  mode 
of  arrangement  of  the  atoms,  it  may  be  supposed  that  even  if  in  a  compound 
such  as  methane  the  hydrogen  atoms  have  identical  functions,  isomeric  deriva- 
tives are  possible,  since  the  radicles  introduced  in  place  of  the  hydrogen  atoms 
may  occupy  relatively  different  positions.  Thus,  although  only  one  compound 
of  the  form  C(R')^  (I.)  and  one  of  the  form  C(R')3R'  (II.)  are  possible,  a  com- 
pound of  the  form  C(R'),(R')2  may  exist  in  two  (III.  and  IV.),  and  one  of  the 
form  CR'R'R'R*  in  no  less  than  three  modifications  (V.,  VI.,  and  VII.);  and  in 
the  formula  C(R')3R'  (VIII.)  the  radicle  (R')^  has  a  different  value  from  that 
of  either  of  the  radicles  (R')*  on  account  of  the  difference  in  its  position  rela- 
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lively  to  E,'',  so  that  in  a  compound  such  as  chloromethane,  for  example,  one  of 
the  hydrogen  atoms  should  have  a  special  value.  Conclusions  of  this  kind  are 
so  manifestly  opposed  to  all  experience  that  they  may  at  once  be  dismissed  from 
consideration. 
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(1920)  The  Van't  Hoff-Le  Bel  Asymmetric  Carbon  Atom  Hypo- 
thesis.— A  system  of  formulae  based  on  the  arrangement  of  the  symbols  in 
space,  instead  of  in  a  single  plane,  to  which  these  objections  do  not  apply,  has 
been  proposed  by  Van't  Hoff  [La  CJdmie  dans  VEspace:  P.  M.  Bazendijk, 
Rotterdam,  18715;  see  also  Herrmann's  adaptation  of  the  same:  Die  Lagerung 
der  Aiome  im  Raume)  ;  and  similar  views  have  been  independently  advocated 
by  Le  Bel  (Bull.  Soc.  Chem.,  xxii.  337  ;  comp.  ibid.,  xxiii.  295). 
t,  Van't  Hoff  represents  each  carbon  atom  as  occupying  the  centre  of  a  tetra- 
hedron with  its  four  affinities  directed  towards  the  four  solid  angles  where  the 

four  radicles  associated  with 
the  carbon  atom  are  situated. 
Compounds  of  the  forms 
C(R)3U\  C(R)^(R')2,  and 
C(R)^it^R''^  cannot,  on  thhs 
hypothesis,  exist  in  isome- 
ric modifications,  as  a  dif- 
ference in  the  relative  posi- 
tions of  the  various  radi' 
cles  is  not  conceivable;  but  if  all  four  radicles  are  difi'erent,  two  modifications 
are  possible,  just  as  two  non-superposable  tetrahedra  may  be  formed  from 
the  octahedron,  the  relation  of  the  one  to  the  other  being  that  of  an  object  to  its 
reflected  image.  The  two  modifications  are  represented  by  Figs.  IX.  and  X.;  sup- 
posing an  observer  to  be  Iving  along  the  edge  R^R'^jwith  his  head 
at  R\  looking  towards  R^R*,  he  would  see  11'  on  his  right  hand 
in  the  one  case  (IX.),  and  on  his  left  hand  in  the  other  (X.) 

As  the  tetrahedron  representing  the  combination  CR^ R^R.'^R,* 
has  no  plane  of  symmetry,  a  carbon  atom  associated  with  four 
dissimilar  radicles  may  be  termed  an  asymmetric  carbon  atom. 
The  presence  of  an  asymmetric  carbon  atom  in  a  formula  may 
be  indicated  by  an  italicised  C. 

A  combination  of  two  carbon  atoms  associated  by  a  single 
affinity  of  each  is  represented  by  two  tetrahedrons  joined  toge- 
ther as  in  Fig.  XI. 

A  simpler  symbol  of  such  a  combination   is  obtained  by 

supposing  the  four  angles  R^R^R^R^  of  this  Figure  to  be  in  the 

same  plane,  and  folding  down  the  trianglos  R'R^R^  and  R'R'*R* 

in  this  plane,  thus  producing  the  Fig.  XII.      Further,  let  it 

be  assumed  that  the  system  rotates  about  an  axis  joining  the  two  carbon  atoms. 

Then  it  is  evident  that  Figs.  XII.  and  XIII.  merely  represent  the  same  combina- 
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tion  at  two  phases  of  rotation  ;  but  Figs.  XII.  and  XIV.  represent  isomerides, 
since  in  the  one  case  both  groups  are  rotating  in  a  positive  direction,  and  in  the 
other  one  m  the  positive,  and  the  other  in  the  negative  direction. 


XIII. 


Hence,  in  the  case  of  a  compound  containing  two  singly  united  asymmetric 
carbon  atoms,  four  modifications  are  possible,  represented  by  the  Figs.  XIII.,  XIV., 
XV.  and  XVI.  If  the  order  of  rotation  li^R^R^  be  denoted  by  the  symbol  +  A, 
and  rotation  in  the  opposite  direction  by  the  symbol  —  A,  and  the  rotation  of 
the  radicles  R^R^H^  in  like  manner  by  +  B  and  —  B,  these  four  modifications 
are  represented  by  the  symbols : 

+  A  -A  +A  -A 

+  B  +B  -B  -B 

If,  however,  only  one  of  the  carbon  atoms  be  asymmetric,  the  number  of 
possible  isomerides  is  reduced  to  two  (Figs.  XVII.  and  XVIII.),  since  the  order  of 
succession  of  the  radicles  asssociated  with  the  symmetric  carbon  atom  cannot  be 
varied,  and  therefore   +  B  =  -  B. 


XVIII. 


A  compound  containing  three  asymmetric  carbon  atoms  may  exist  in  eight 
modifications,  viz. : 

+  A          +A          +A  +A          -A          -A  -A          -A 

+  B          -B          +B  -B           +B          -B  4-B          -B 

+  c       +c       -c       -c        +c       +c       -c       -c 
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One  containing  four  may  exist  in  sixteen,  one  containing  five  in  thirty-two 
modifications :  or,  generally,  a  compound  of  unsymmetrical  formula  containing 
n  asymmetric  carbon  atoms  may  exist  in  (2)"  modifications. 

If,  however,  the  compound  be  represented  by  a  symmetrical  formula,  the 
number  of  possible  isomerides  is  somewhat  less.  Taking  the  simplest  case  of 
the  kind,  a  body  of  the  formula  C(R'R'E').C(R'II'K'),  it  is  evident  that 
although  the  radicles  associated  with  each  carbon  atom  are  different  amongst 
themselves,   the  compound   nevertheless   consists   of    two   similarly  constituted 


halves.     This  being  so,  A  —  B,  and  it  is  easy   to 
isomerides  indicated  by  the  symbols 


+  A 
+  A 
only  three  are  possible,  since 


+  A 
-A 

+  A 
-A 


-A 

4A 

-A 

+  A 


see   that  instead  of  the  four 

-A 

-A 


the  one  being  merely  the  reversal  of  the  other  in  space. 

To  take  a  less  simple  case  such  as  the  following  : 

C(1VR'E')  C(R^R')  C(R'R')  C(R'R'R'). 

If  the  formula  were  not    symmetrical,   such  a  compound  should  exist  in 
2 '  =  1 6  modifications,  viz : 
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+ 
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II 

12 

13 

14 

15 

16 

liut  since  A  =  D  and  B  =  C,  replacing  D  by  A  and  C  by  B,  it  is  evident  that 
the  symbols  2,  3,  4,  6,  8,  12,  are  merely  reversals  of  the  symbols  9,  5,  13,  11, 
15,  14,  so  that  only  the  ten  following  isomeric  modifications  appear  possible: 


i 

/     + 

+ 

+ 
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The  number  of  isomerides  possible  of  a  compound  represented  by  a  symmetrical 
formula  containing  n  asymmetric  carbon  atoms  is  therefore : 

(2)1     +     (2)"     -     (2# 


or,  since  there  must  always  be  an  even  number  of  asymmetric  carbon  atoms  in  a 
compound  of  symmetrical  formula,  we  may  substitute  2p  for  n ;  hence 

W--(2)l. 


(2)> 


+  ^— ' 


=     (2)P-Xl    +    2P) 


A  compound  containing  two  carbon  atoms  united  by  two  affinities  of  each  is 
represented  by  two  tetrahedrons  joined  together  by  one  edge  (Fig.  XIX.)  If  the 
radicles  R^R^R^R-*  satisfying  the  remaining  four  affinities  of  the  carbon  atoms 
are  identical,  only  one  such  figure  can  be  drawn  ;  but  if  R^  be  different  from  R^, 
and  at  the  same  time  R    be  diiferent  from  R^ — it  being  immaterial  whether  R^ 
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and  E' and  R«  and   R^  respectively  are  different  or  identical-two  such  figures 
can  be  constructed  (XIX.  and  XX.)  in  which  the  radicles  R^R'  ocLpy  differen 
positions  relatively  to  the  radicles  R*R*.  ^^  umereui 

XIX. 


1*'; 


In  other  words,  a  compound  of  the  form  C(R'R')=C(R=«R4)  may  exist  in  two 
isomeric  modifications. 

The  Van't  Hoff  hypothesis  does  not  indicate  a  greater  number  of  isomerides 
than  our  present  theory  in  the  case  of  compounds  containing  carbon  atoms 
united  by  three  affinities  of  each  (acetylene  derivatives),  or  in  the  case  of  benzene 
derivatives. 

When  the  formulae  of  the  various  saturated  compounds  before  mentioned  as 
affording  exceptional  instances  of  isomerism  are  scrutinized,  it  will  be  evident 
that  they  all  contain  one  or  more  asymmetric  carbon  atoms,  thus : 

Mannitol  and  dulcitol CH2(OH).(CH.OH)^.CH2(OH) 

Dextro-  and  Isevo-glucose  and  galactose    CH2(0H).(CH.0H)^.C0H 
Saccharic  and  mucic  acid       .      .     .     .  COOH  (CH.OH)^.COOH 
Hydrobenzoin  and  isohydrobenzoin     .  C^B.^.C}l(OR).CB:(OH.).CJi 

Lactic  acid CH3.(7H(OH).COOH         '    * 

Malic  acid COOH.CH,.CH(OH).COOH 

Tartaric  acid COOH.CH(OH).CH(OH)  COOH 

The  exceptional  instances  occurring  in  the  acrylic  series  and  in  the 
CnH2n_2(COOH)2  series,  would  also  appear  to  meet  with  an  explanation  on 
Van't  Hoff's  hypothesis.  Whether  the  isomerism  of  the  terpenes  and  citrenes, 
of  the  camphors,  and  of  a  few  other  compounds,  could  also  be  accounted  for  in 
a  similar  way,  cannot  at  present  be  decided,  as  we  are  not  yet  sufficiently  ac- 
quainted with  their  constitution.  The  sufficiency  of  the  explanation  which  is 
apparently  afforded  by  Van't  Hoff's  hypothesis  will  be  discussed  later  on. 

(192 1)  Constitution  of  Optically  Active  Bodies.— Since  the  large 
majority  of  crystalline  circularly  polarizing  bodies  are  destitute  of  optical  activity 
in  the  amorphous  and  liquid  states,  the  property  of  circular  polarization  possessed  by 
such  bodies  must  be  ascribed  to  a  peculiar  arrangement  of  the  molecules,  and  not 
to  any  speciality  of  constitution  of  the  molecules  themselves.  The  constant  cor- 
relation of  the  position  of  the  hemihedral  faces  on  the  crystals,  and  the  direction 
in  which  the  plane  of  polarization  is  deflected  by  a  substance,  led  Pasteur  to 
infer  that  the  molecules  are  arranged  in  such  crystals  in  a  right-  or  left-handed 
spiral ;  this  view  has  received  much  support  from  Sohncke's  observation,  that  by 
arranging  a  number  of  thin  plates  of  optically  biaxial  mica  so  that  the  principal 
section  of  each  plate  is  equally  inclined  (by  an  angle  of  45°,  60°,  90°,  or  120^) 
to  that  of  the  previous  plate,  a  combination  may  be  obtained  which  behaves  like 
an  optically  active  crystal,  rotating  the  plane  of  polarization  either  to  the  right 
or  to  the  left  according?  to  the  direction  in  which  the  combination  is  arranged. 
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Extending  this  view  to  the  molecules  themselves  of  bodies  which  are  opti- 
cally active  in  the  amorphous  or  liquid,  but  not  in  the  crystalline  state,  Pasteur 
inferred  that  they  also  were  characterized  by  an  absence  of  symmetry,  and  that 
they  were  similar  in  constitution  to  the  groups  of  molecules  forming  the  crystals 
of  bodies  active  only  in  the  crystalline  condition.  This,  however,  is  precisely 
the  character  of  a  compound  of  the  form  CR^R'''K^R*.  The  four  radicles  being 
different  will  be  unequally  attracted,  and  consequently  at  di0*erent  distances 
from  the  carbon  atom,  so  that  the  compound  will  have  no  plane  of  symmetry  ; 
moreover,  the  two  tetrahedra  which  represent  the  two  possible  modifications  of 
a  compound  containing  a  single  asymmetric  carbon  atom,  exhibit  in  relation  to 
an  axis  drawn  parallel  to  corresponding  edges  a  riuht-handed  screw-like  grouping 
of  the  radicles  in  the  one  case,  and  a  left-handed  screw-like  grouping  in  the 
other.  The  compound  of  the  one  form  may  therefore  be  expected  to  cause  the 
rotation  of  a  plane  polarized  ray  to  the  right,  and  the  other  its  rotation  to  an 
equal  extent  in  the  opposite  direction,  excepting  in  the  case  of  the  compound 
being  of  symmetrical  formula,  when,  if  the  two  equal  groups  composing  it  exer- 
cise the  opposite  effect  on  polarized  light,  it  wall  be  inactive. 

Le  Bel  and  Van't  Hoff*  have  pointed  out  as  a  matter  of  fact  that  all  optically 
active  bodies  of  known  constitution*  contain  one  or  more  asymmetric  carbou 
atoms  in  their  formula,  as  will  be  evident  from  the  following  examples  : — 

Lactic  acid CH3.CH(0H).C00H 

Malic  acid COOH.CH,.CH(OH).COOH 

Tartaric  acid COOH.CH(OH).CH(OH).COOH 

Tartramide CONH,.CH(OH).CH(OH).CONH, 

Secondary-butylcarbinol  (active  amylic  alcohol)  C}l.^.C}l^.CK(C}i^).CR^{OIL) 

Methethacetic  acid C2H,.CH(CH3).COOH 

Hydroxyglutaric  acid C00H.CH^.CH2.CH(0H).C00H 

Secondary- butylacetic  acid  (active  valeric  acid)  CHg.OIl2.CH(CH3).COOH 

Mannitol CHXOH).(CH.OH)^.CH,(OH) 

Glucose CH2(0H).(CH.0H)^.C0H 

Saccharic  acid COOH.(CH.OH)^.COOH 

Phenylhydroxyacetic  (mandelic)  acid   .     .     .  CgHg.CH(OH).COOH 

As  previously  shown,   a  compound  of  unsymmetrical  formula  containing  n 
asymmetric  carbon   atoms  may  exist  in  (2)^^   modifications,  a  compound  of  the 
form  C(R^ii^R'^),  C(R*R^R'*),  for  example,  exhibiting  the  four  modifications 
+  A  +A  -A  -A 

I.  2.  3.  4. 

+  B  -B  +B  -B 

Representing  the  rotatory  power  of  the  group  A  by  the  symbol  +  A  or  —  A 
and  that  of  the  group  B  by  +  B  or  —  B,  the  rotatory  power  of  each  of  these 
modifications  will  be  ts  follows  : 

I.  A -t-  B  2.— A-B         3.-A-t-B         4.    -A-B 

Hence  i  and  4  and  2  and  3  will  have  equal  but  opposite  rotatory  powers,  and 
it  may  be  shown  that  always  in  the  case  of  compounds  of  unsymmetrical  formula 
one-half  the  isomerides  are  respectively  of  equal  but  opposite  rotatory  power  to 
the  other  half 

A  compound  of  symmetrical  formula,  with  two  asymmetric  carbon  atoms,  may 
exist  in  three  modifications  ;  the  rotatory  powers  of  these  will  be 

A-fA=2A  A-A  =  0  -A-A--. -2A 

*  It  is  highly  probable  that  this  is  true  of  all  optically  active  bodies,  since  the 
great  majority  are  compounds  of  considerable  complexity,  as  for  instance  the 
carbohydrates,  the  glucosides,  the  alkaloids,  the  albuminoids,  &c. 
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Two  only  of  the  modifications  of  such  a  compound,  in  fact,  will  manifest  optical 
activit}',  the  two  groups  of  which  one  is  composed   compensating  each  other  iu 

their  action  on  polarized  light.    The  three  modifications  of  tartaric  acid dextro-, 

laevo-  and  mesotartaric  acid— which  may  he  regarded  as  the  three  possible  modifi- 
cations of  a  compound  of  the  formula  COOH.CH(OH).  CH(OH).COOH,  illustrate 
this  in  a  most  striking  manner. 

Whether  the  mere  presence  of  an  asymmetric  carbon  atom  in  a  compound 
is  sufficient  to  endue  it  with  optical  activity,  or  whether  it  is  essential  that 
the  radicles  associated  with  the  carbon  atom  should  be  of  a  particular  cha- 
racter and  the  compound  of  a  particular  type,  is  at  present  entirely  matter  for 
speculation.  With  reference  to  this  point,  however,  it  is  an  interestino"  fact 
that  the  simplest  known  optically  active  body  (lactic  acid)  contains  three  carbon 
atoms. 

According  to  Yan't  Hoff  and  Le  Bel,  if  a  body  which  does  not  contain  an  asym- 
metric carbon  atom  be  converted  either  by  substitution  or  addition  into  a  com- 
pound containing  one  or  more  asymmetric  carbon  atoms,  it  is  to  be  expected 
that  isomerides  of  equal  and  opposite  rotatory  power  will  be  produced  in  equal 
quantities,  and  the  product  will  consequently  be  inactive.  This  has  been  shown 
actually  to  be  the  case,  Jungfleisch  having  found  that  the  tartaric  acid  prepared 
artificially  from  succinic  acid  is  a  mixture  of  racemic  and  mesotartaric  acids, 
while  Le  Bel  has  proved  that  inactive  synthetically  prepared  methylpropylcar- 
binol  is  a  mixture  of  optically  active  isomerides  of  opposite  rotatory  power. 
Moreover,  according  to  Van't  Hoff,  there  is  little  hope  of  obtaining  an  optically 
active  body  from  an  inactive  compound  containing  asymmetric  carbon  atoms  but 
of  symmetrical  formula  by  destroying  its  symmetrical  character.  For  example, 
tirythrol  (erythrite) 

CH,(OH).CH(OH).CH(OH).CH,(OH) 
may  be  converted  by  distillation  with  formic  acid  into  the  glycol 

CH,(OH).  CH(OH)  .CHzCH, 
and  as  this  is  a  body  of  unsymmetrical  formula  and  contains  an  asymmetric 
carbon  atom,  it  should  by  hypothesis  be  optically  active.  But  it  is  probable 
that  while  the  group  A  of  a  certain  number  of  erythrol  molecules  would  be 
attacked,  the  group  —A  of  an  equal  number  of  other  molecules  would  undergo  a 
like  change,  so  that  the  product  would  be  an  inactive  mixture  of  bodies  of  equal 
but  opposite  rotatory  power ;  thus 

2CH^(0H).CH(0H).CH(0H).CH^(0H)         would  give 

A  ^^A 

CH,(0H).CH(0H).CHzCH2  +  CH -CH.CH(OH).CH,(OH) 

A  -A 

A  most  important  method  of  discriminating  such  mixtures  of  oppositely 
active  bodies  has  been  indicated  by  Pasteur  and  Le  Bel.  Pasteur  long  ago 
observed  that  when  a  minute  organism,  the  Penicillium  glaucum,  was  allowed 
to  vegetate  in  a  dilute  solution  of  racemic  acid,  it  exercised  a  selective  effect, 
oxidizing  the  dextro-  more  readily  than  the  laevotartaric  acid,  so  that  the  solution, 
from  being  inactive,  gradually  acquired  a  laevorotatory  power.  Recently  Le  Bel 
has  shown  {Compt.  Bend.,  Ixxxix.  312)  that  when  the  inactive  amylic  alcohol 
obtained  by  distilling  the  ordinary  Isevorotatory  alcohol  of  fermentation  with 
aodic  hydrate  is  similarly  treated,  it  yields  a  dextrorotatory  amylic  alcohol,  and 
that  inactive  methylpropylcarbinol  prepared  by  the  action  of  nascent  hydrogen 
on  methylpropylketone  when  thus  treated  yields  methylpropylcar))inol  of  con- 
iiderable  laevorotatory  power  (a©  =  — 12°*3  per  220  mm.). 
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(1922)  Peobable  insufficiency  of  the  Van't  HoffLe  Bel  Hypo- 
thesis.— The  dilFerences  manifested  by  the  two  optically  active  modifications  of 
tartaric  acid  would  appear  to  be  precisely  of  the  character  that  might  be  ex- 
pected, supposing  them  to  be  related  in  constitution  in  the  manner  indicated 
by  the  asymmetric  carbon  atom  hypothesis,  for  in  chemical  and  many  of  their 
physical  properties  they  are  indistinguishable  ;  they  differ  only  in  respect  of 
their  crystallographic  characters,  their  pyroelectrical  relations,  and  their  beha- 
viour in  polarized  light,  the  difference  being  always  of  such  a  character  that  a 
particular  property  is  developed  to  precisely  the  same  extent,  but  in  opposite 
directions,  by  the  two  modifications. 

This  is  very  probably  true  also  of  the  optically  active  malic  acids  and  of  the 
active  camphoric  acids,  also  of  the  optically  active  terpenes,  citrenes,  and  cam- 
phors; but  it  is  not  true  with  regard  to  the  majority  of  exceptional  instances 
of  isomerism  that  have  been  mentioned.  The  differences  noticeable  between 
raannitol  and  dulcitol,  the  hydrobenzoins,  the  glucoses — dextrose,  Isevulose  and 
galactose — mucic  and  saccharic  acids,  certain  acids  of  the  acrylic  series,  malic 
and  fumaric  acids,  the  pyrocitric  acids,  &c.,  are  so  considerable,  however,  that  it 
does  not  appear  probable  that  they  are  related  merely  in  the  manner  supposed 
by  the  Van't  Hoff-Le  Bel  hypothesis. 

Again,  although  the  hypothesis  appears  to  afford  a  very  satisfactory  explana- 
tion of  the  relationship  of  the  isomeric  tartaric  acids,  there  are  a  number  of  facts 
which  throw  much  doubt  on  its  sufficiency  as  an  explanation  of  the  constitution 
of  optically  active  compounds  generally.  Thus,  malic  acid,  which  manifests  a 
slight  Ifevorotatory  power  in  a  pure  aqueous  solution,  acquires  an  increased  laevo- 
rotatory  power  on  the  addition  of  boric  acid,  but  is  dextrorotatory  in  presence 
of  nitric  acid.  It  cannot  be  supposed,  in  explanation  of  these  phenomena,  that 
the  molecule  consists  of  two  symmetrical  halves  4- A  and  —A,  and  that  the 
rotatory  power  of  the  one  half  alone  is  influenced  by  the  boric  acid  and  that  of 
the  other  half  by  the  nitric  acid,  since  malic  acid,  COOH.CH.^.CH(OH).COOH, 
contains  only  a  single  asymmetric  carbon  atom.  Asparagine  and  aspartic  acid  and 
mannitol  exhibit  a  similar  behaviour,  which  is  equally  difficult  to  understand.  Then 
the  anomalous  rotatory  dispersive  power  of  aqueous  solutions  of  tartaric  acid 
(Arndtsen,  Ann.  Chim.  Thys.  1858,  iv.  403)  almost  necessitates  the  assumption 
that  the  acid  forms  a  compound  with  water  opposite  to  itself  in  I'otatory  power ; 
the  formation  of  a  body  having  a  reversed  rotatory  power  as  compared  with 
that  of  the  parent  substance  from  a  compound  like  dextrotartaric  acid  which, 
according  to  Van't  HoflT's  hypothesis,  has  the  constitution  2  A — i.e.,  is  composed 
of  two  similar  dextrorotatory  groups — is,  however,  not  easy  to  understand. 
Lastly,  whether  the  inactivity  of  mannitol — the  slight  rotatory  power  which  it 
•manifests  is  probably  to  be  ascribed  to  the  presence  of  impurity  (comp.  Miintz 
and  Aubin,  Ann.  Chim.  Phys.  [5],  x.  533) — be  regarded  as  the  result  of 
external  or  internal  compensation — i.e.,  whether  it  is  similar  in  constitution  to 
racemic  or  mesotartaric  acid — a  symmetrical  alteration  in  its  composition  should 
not  have  the  effect  of  converting  it  into  an  optically  active  body,  whereas,  as  a 
matter  of  fact,  the  hexacetate,  hexnitrate  and  hexsulphate  prepared  from  it  are 
powerfully  dextrorotator}'  substances. 

The  readiness  with  which  many  optically  active  bodies  undergo  a  permanent 
alteration  in  rotatory  power  is  also  highly  remarkable.  Thus  ordinary  tartaric 
acid  may  be  converted  by  mere  heating  into  mesotartaric  and  racemic  acid,  and 
in  the  same  way  mesotartaric  acid  may  be  transformed  into  racemic  acid. 
Camphoric  acid  behaves  simiUrly.  The  hydrogenation  of  camphor,  according 
to  Montgolfier,  results  in  the  formation  of  two  distinct  camphols,  Cj^^Hjy.OH, 
of  equal  and  opposite  rotatory  power,  both  of  which,  however,  give  the  same 
dextrocamphor  on  oxidation. 
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Probably,  however,  the  most  weighty  objection  that  can  be  raised  to  the  . 
hypothesis  is  that  certainly  the  majority,  if  not  all,  the  isomeric  compounds  which 
have  been  mentioned  as  exceptional  instances  of  isomerism  have  different 
energies,  as  shown  by  the  fact  that  they  differ  not  only  in  physical  properties, 
but  more  particularly  in  the  relative  degrees  of  readiness  with  which  they  enter 
into  combination  or  reaction  with  other  bodies.  The  mere  grouping  of  the  atoms 
in  a  positive  or  negative  direction  would  scarcely  result  in  such  a  difference. 

The  question  remains  whether  a  slight  extension  of  the  hypothesis  will  not 
render  it  capable  of  including  all  the  phenomena.  The  kinetic  theory  of  gases 
seems  to  be  in  complete  accord  with  all  known  facts,  and  it  would  appear  that  we 
are  fully  justified  in  accepting  the  molecular  theory  of  the  constitution  of  matter 
(comp.  Osborne  Reynold,  Trans.  Boy.  Soc,  1879,  727)  ;  it  is  going  but  a  slight  - 
step  further  to  suppose  that  the  molecules  themselves  consist  ot  atoms  occupyino- 
certain  relative  mean  positions, and  that  our  formulae  are,  to  a  certain  extent, correct 
representations  of  the  relative  mean  positions  of  the  atoms.  Are  we  not  perhaps 
justified  in  supposing  that  there  are  two  classes  of  isomerides — ordinary  isomerides, 
in  which  the  atoms  occupy  relatively  different  positions ;  and  "  exceptional" 
isomerides,  in  which  the  atoms  occupy  relatively  similar  positions,  but  in  which 
they  are  situate  at  different  distances  apart  ? 

§   XI.  Acids  of  the  Furfuryl  Group. 

Under  this  heading  a  number  of  acids  are  conveniently 
described,  which  probably  are  derived  from,  or  more  or  less 
closely  related  to,  the  compound  C^H^O,  of  which  furfuraldehyde- 
is  a  derivative  (1662). 

{1923)  Pyromucic  ACID  :  C,H,03=C^H30.COOH.— This  acid 
is  a  product  of  the  dry  distillation  of  mucic  acid,  but  it  is  formed 
in  such  small  quantity  that  it  cannot  well  be  prepared  in  this! 
manner ;  it  is  also  obtained  on  oxidizing  furfuraldehyde  either  by^ 
means  of  argentic  hydrate,  or  an  alcoholic  solution  of  potassic 
hydrate,  the  amount  obtained  by  the  latter  method  being  equal 
to  one-third  the  weight  of  the  furfuraldehyde  employed  (comp. 
Limpricht,  Ann.  Chem.  Pharm.,  clxv.  278).  i 

Pyromucic  acid  crystallizes  in  colourless  plates  or  needles 
which  melt  at  134°  (273°'2  F.) ;  it  is  easily  soluble  in  alcohol 
and  boiling  water,  but  much  less  soluble  in  cold  water.  Ethylio 
pyromucate,  CJifi^{Cfi.),  crystallizes  in  plates  which  melt  at 
34°  (93°-2  F.),  and  boils  Lt  210°  (410°  F.). 

Pyromucic  acid  is  not  acted  on  by  acetic  chloride,  and 
when  treated  with  phosphoric  pentachloride  it  yields  a  chloride 
which  is  decomposed  by  water,  and  reconverted  into  pyromucic 
acid. 

On  dry  distillation  of  baric  pyromucate  with  soda-lime,  a  small 
quantity  of  a  compound  of  the  formula  C^H^O,  termed  by 
Limpricht  (loc.  cit.)  tetraphenol,  is  produced ;  this  compound, 
however,  has  none  of  the  properties  of  a  phenol :  it  is  a  colour- 
less liquid  of  peculiar  odour,  boiling  at  34°  (93°'2  F.),  and  is 
3  3  8 
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not  acted  on  by  sodium  or  by  alkalies,  but  is  at  once  attacked 
by  acids  and  converted  into  so-called  pyrrol-red. 

The  behaviour  of  pyromucic  acid  on  treatment  with  bromine 
is  of  considerable  interest.  When  submitted  to  the  action  of 
drv  bromine,  it  forms  a  crystalline  tetrabromide,  C,H,Br,0,,  the 
ethylic  salt  of  which  is  obtained  in  a  similar  manner  from  ethylic 
pyromucate ;  ethylic  pyromucate  also  combines  with  chlorine, 
forming  a  tetrachloride. 

Pyromucic  acid  tetrabromide  melts  at  about  i6o°  (320°  F.), 
but  is  at  the  same  time  decomposed;  its  ethylic  salt  melts  at 
47°  (ti6°'6  F.).  Both  compounds  are  very  readily  reconverted 
into  the  parent  substances  by  the  action  of  reducing  agents. 
The  former  is  insoluble  in  cold  water ;  hot  water  acts  upon  it 
violently,  decomposing  it  with  evolution  of  carbonic  anhydride; 
on  oxidation  with  a  dilute  solution  of  chromic  acid,  it  is  converted 
into  dibromosuccinic  acid.  By  acting  upon  pyromucic  acid 
tetrabromide  with  an  alcoholic  solution  of  potassic  hydrate, 
dibromopyromucic  acid,  CJlfirfi.^,  is  formed;  this  acid  crystal- 
lizes from  water  in  colourless  scales,  melting  at  185°  {'^6^  F.) ; 
it  is  a  body  of  considerable  stability,  resisting  the  action  of  a 
boiling  chromic  acid  solution  (Tounies,  Dtut.  chern.  Ges.  Ber.,  xi. 
1085). 

When  bromine  is  added  to  an  aqueous  solution  of  pyromucic 
acid,  carbonic  anhydride  is  evolved,  the  colour  of  the  bromine 
rapidly  disappearing  until  two  molecular  proportions  have  been 
added  to  a  single  molecular  proportion  of  the  acid ;  the  product, 
as  a  rule,  is  a  monobasic  acid  of  the  formula  CJlfi^,  which  may  be 
extracted  by  ether,  but  sometimes  a  body  of  the  formula  C^HgBrOj 
is  obtained  instead,  the  precise  conditions  under  which  the  one 
or  the  other  is  produced  being  unknown  (Limpricht).  The  com- 
pound C4H4O3  crystallizes  with  difficulty ;  on  adding  baric  hydrate 
to  its  aqueous  solution,  immediately  the  latter  is  neutralized, 
it  becomes  yellow,  and  a  yellow  precipitate  is  then  thrown  down. 
If  the  original  crude  solution  of  the  compound  C^H^Og  be  concen- 
trated on  the  water-bath,  it  deposits  crystals  of  fumaric  acid  ; 
and  this  acid  is  also  obtained  if,  after  adding  bromine,  the  solu- 
tion be  digested  with  argentic  hydrate  :  the  amount  produced  is, 
however,  relatively  small  (comp.  Baeyer,  ibid.,  x.  1361).  The 
compound  CJlfiiO^  crystallizes  in  white  needles,  having  a  cam- 
phor-like odour;  it  melts  at  84°  (183°-:^  F.),  and  although 
insoluble  in  water,  readily  volatilizes  in  a  current  of  steam. 
On  reduction,  it  yields  the  compound  Cflfi^,  which  is  a  colour- 
less   strongly    refracting    liquid,  having    a    benzene-like   odour. 
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insoluble  in  water;  this  compound  is  not  altered  by  concentrated 
hydrochloric  acid  or  by  alkalies,  and  does  not  combine  with  acid 
sulphites. 

When  pyromucic  acid  is  submitted  to  the  action  of  an  excess 
of  bromine  in  presence  of  water,  it  is  converted   into   so-called 
mucobromic  acid  (Schmelz  and  Beilstein  ;  Limpricht),  C^H.Br  O  ; 
this  acid  is  best  prepared  by  adding  the  bromine  as   quickly   as 
possible  and  then  boiling  the  solution  for  a  short  time  (Jackson 
and   Hill,   ibid,,  xi.    1671).      It  crystallizes   in   white   glistening 
plates,  melting  at  131°  (249°- 8),  easily  soluble  in  alcohol  and  hot 
water,   but   difficultly   soluble   in   cold    water.      It    furnishes    a 
crystalline  baric  salt  of  the  formula  (C^HBr203).,Ba,  and  a  corre- 
sponding crystalline  argentic  salt,  both  of  which,  however,  very 
readily  decompose ;   ethylic  mucobromate  crystallizes  in  rhombic 
prisms,  melting  at  51°  (i23°'8   F.).     On  warming   mucobromic 
acid  with  phosphoric  pentabromide,  a  crystalline  "  acid  bromide^' 
of    the    formula    C^l^vfi.^    is    obtained,    which    melts    at    54 
(129°* 2  F.)     This    bromide  is  slowly  converted  into  the   acid 
when  boiled  with  water.  A  monacetyl  derivative, C4HBr203(C2H30), 
is  produced  on  heating  the  acid  with  an  excess  of  acetic  chloride  ; 
it  crystallizes  in  long  needles,  melting  at  54    (129°* 2  F.)  (Jack- 
son and  Hill).     Acetic  chloride  is  without  action  on  ethylic  muco- 
bromate.    The  decomposition  of  mucobromic  acid  into  aj3-dibro- 
macrylic  and  formic  acids  by  alkalies  has  already  been  described 
(1894).       On    oxidation    with    bromine    water    or    nitric  acid, 
mucobromic     acid      is     converted     into     dibromomaleic     acid, 
COOH.CBr  Zl  CBr.COOH ;  this  reaction  leaves  little  dou];t  that 
it  is  the  aldehyde-acid  of  the   formula  COH.CBrZI  CBr.COOH 
(Hill,  ibid.,  xiii.  734). 

By  saturating  an  aqueous  solution  of  pyromucic  acid  at 
0°  (32°  F.)  with  chlorine,  then  heating  it  to  the  boiling-point, 
again  passing  chlorine  into  the  cold  solution,  &c.,  mucochloric 
acid,  C4H2CI2O3,  is  obtained,  about  40  per  cent,  of  the  theoretical 
amount  being  formed.  This  acid  crystallizes  in  rhombic  plates, 
melting  at  125°  (257°  F.) ;  its  properties  are  completely  analogous 
to  those  of  mucobromic  acid  (Bennett  and  Hill,  ibid.,  xii.  6^^). 

Mucobromic  acid  is  also  formed  by  the  action  of  bromine  on 
a  boiling  aqueous  solution  of  dibromopyromucic  acid  ;  if,  how- 
ever, a  cold  solution  of  the  latter  be  treated  with  bromine,  a 
compound  of  the  formula  C^H^Brp,  is  produced.  This  body 
crystallizes  from  ether  in  star-like  groups  of  needles,  melting  at 
88°  (i90°'4  F.);  on  oxidation  with  a  solution  of  chromic  acid  it 
is  converted  into  mucobromic  acid  (Tonnies,  ibid.,  xii.  1202). 

3  s  a 
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(1924)  Isopyromucic  acid:  G^fi^. — This  acid  is  formed  together  with 
pyromucic  acid  on  distilling  mucic  acid.  It  crystallizes  in  delicate  plates,  melting 
at  82°  (i79°*6  F.),  extremely  soluble  in  water,  alcohol,  and  ether;  the  aqueous 
solution  is  coloured  deep  green  by  ferric  chloride,  whereas  a  solution  of  pyromucic 
acid  furnishes  a  reddish-yellow  precipitate  with  this  reagent.  It  is  converted 
into  mucobromic  acid  by  the  action  of  an  excess  of  bromine  (Limpricht  and 
Eohde,  Ann.  Chem.  Fharm.,  clxv.  298). 

(3-Pi/romucic  acid :  C^H^Og. — According  to  Stenhouse  {Proc.  Hoy.  Soc, 
1 87 1,  XX.,  81),  the  acid  obtained  by  oxidation  of  fucusaldehyde  is  isomeric 
with  pyromucic  acid,  as  it  cr3''stallizes  in  rhombic  plates,  melting  at  130°  (266°  F.), 
instead  of  in  needles  ;  the  argentic  salt  forms  long  flat  needles  instead  of  crystal- 
line scales. 

(1925)  Furfuracrylic  acid:  C^H^Og  =  C^HgO.CH  Z  CH.COOH.— This  acid 
is  obtained  by  heating  furfaraldehyde  with  acetic  anhydride  and  sodic  acetate. 
It  crystallizes  from  hot  water  in  long  thin  brittle  needles,  melting  at  135° 
(275°  F.) ;  it  has  a  cinnamon-like  odour,  and  volatilizes  in  a  current  of  steam  ; 
concentrated  hydrochloric  acid  dissolves  it,  forming  a  green  solution.  On  treat- 
ment of  its  aqueous  solution  with  sodium  amalgam,  furfuropropionic  acid, 
CyllgOg,  is  produced  ;  this  acid  melts  at  51°  (i23°-8  F.)  (Baeyer,  Deut.  chem. 
Ges.  Ber.,  x.  357).  On  adding  a  single  molecular  proportion  of  bromine  to  a 
cold  aqueous  solution  of  furfuropropionic  acid,  and  then  heating  the  solution  at 
65" — 70°  (149° — 158°  F.)  with  the  hydrate  from  six  mol.  proportions  of  argen- 
tic nitrate,  oxidation  takes  place  without  the  evolution  of  carbonic  anhydride, 
furonic  acid,  CyHgO^,  being  formed.  Furonic  acid  crystallizes  in  fine  needles, 
difficultly  soluble  in  cold  water,  melting  at  180°  (356°  F.).  The  argentic  salt 
obtained  by  adding  argentic  nitrate  to  a  solution  of  the  ammonic  salt,  has  the 
formula  CyH^AggOg.  By  the  action  of  hydriodic  acid  at  160°  (320°  F.),  furonic 
acid  is  converted  into  hydrofuronic  acid,  CyHj^Og,  which  crystallizes  in  needles 
melting  at  112°  (233°'6  F.) ;  but  if  it  be  submitted  to  the  action  of  this  acid 
at  about  200°  (392°  F.),  it  yields  normal  pimelic  acid  (1850),  CgHj^(C00H)2 
(Baeyer,  ibid.,  x.  695  ;  1358). 

(1926)  Furfumngelic  acid:  C^H^^O^  -  (?)C,H30.CH  Z  CH.C^H^.COOH. 
— This  homologue  of  furfuracrylic  acid  is  prepared  in  a  similar  manner  by  heating 
furfuraldehyde  with  butyric  anhydride  and  sodic  butyrate.*  It  forms  colourless, 
glistening  needles,  melting  at  88°  (i90°"4  F.) ;  on  reduction  with  sodium  amal- 
gam, it  yields  fnrfurovaleric  acid,  CgH^^^a'  ^  colourless  oil  of  unpleasant  odour, 
which  may  be  distilled  unchanged.  On  treatment  with  bromine  and  then  with 
argentic  hydrate,  furfurovaleric  acid  is  converted  into  butyrofuronic  acid,  CgH^^^g ; 
this  latter  acid  is  readily  reduced  by  nascent  hydrogen  from  sodium  amalgam, 
and  when  heated  with  hydriodic  acid  and  red  phosphorus  at  about  200°  (392°  F.), 
it  is  converted  into  an  acid  of  the  formula  CyH^^(C00H)2,  which  is  apparently 
normal  azelaic  acid  (1852)  (Baeyer  and  Tonnies,  ibid.,  x.  1364;  Tonnies,  ibid. 
*ii.  1200). 

(1927)  Constitution  of  the  Fdefueyl  Compounds. — Of  the  following 

HC=CH  HC-CH 

II  II      II 

HC-C.COOH  HC     C.COOH 

\/  \/ 

0  0 

two  formulae,  which  are  most  in  accordance  with  the  general  behaviour  of  pyro- 

*  Isobutyric  anhydride  does  not  yield  an  isomeric  acid,  but  the  products  of 
its  action  on  furfaraldehyde  in  presence  of  sodic  butyrate  are  carbonic  anhydride 
and  furfurobutylene,  C^HjO.C^Hy. 
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mucic  acid,  the  first  has  been  put  forward  by  Baeyer  as  the  more  probable  (ibid., 
X.  1360).  At  present  there  is  not  sufficient  evidence  on  which  to  base  a  fina 
decision  some  facts  appearing  to  favour  the  adoption  of  the  one  and  some  that 
of  the  other  formula,  but  on  the  whole  the  balance  of  proof  would  appear  to  be 
m  favour  of  the  second.  Thus,  if  the  formula  of  the  tetrachloride  of  ethylic 
pyromucate  be,  as  Baeyer  has  suggested,  viz. .- 

CIHC  — CHCl 

I        i 
CIHC      CC1.C00C,H, 

o 

the  second  formula  would  appear  to  be  preferable,  as  the  disruption  of  carbon 
atoms  united  by  single  affinities  by  the  action  of  chlorine  under  conditions  such 
as  those  which  obtain  in  the  formation  of  this  chloride  is  without  precedent. 
It  may,  however,  be  supposed  that  the  formula  of  the  tetrabromide  is  unsym- 
metrical,  thus  : 

BrHC-CHBr. 

I  I 
BrO.HC— CBr.COOH 
one-half  the  bromine  entering  into  combination  after  the  manner  that  it  may  be 
assumed  to  combine  with  ethylenic  oxide.  The  fact  that  furfurin  (1662),  which 
probably  contains  three  of  the  groups  C^HgO,  combines  with  only  six  atoms  of 
bromine,  tends,  to  some  extent,  to  support  this  view.  The  indifference  of  pyro- 
mucic  acid  towards  acetic  chloride  and  of  Limpricht's  so-called  tetraphenol — 
which  probably  is  formed  from  pyromucic  acid  by  the  mere  displacement  of  the 
carboxyl  group  by  hydrogen — towards  nascent  hydrogen,  however,  is  scarcely  in 
accordance  with  the  assumption  that  the  furfuryl  compounds  are  derivatives 
of  a  body  of  the  ethylenic  oxide  type. 

The  formation  of  dibromosuccinic  acid  on  oxidation  of  pyromucic  tetrabromide 
is  explained  almost  equally  well  by  either  formula.  This  is  also  true  of  the 
production  of  so-called  mucobromic  acid  by  the  action  of  bromine  in  presence  of 
water  on  pyromucic  acid.  Both  of  these  reactions,  however,  appear  rather  to 
favour  the  adoption  of  the  second  of  the  above  formulae  for  pyromucic  acid. 
The  compound  C^H^O^,  obtained  by  Limpricht,  has  been  regarded  as  the  half- 
aldehyde  of  fumaric  acid,  COH.CH:z:CH.COOH,  on  account  of  the  formation 
of  this  acid  on  treatment  of  the  crude  solution  with  argentic  hydrate,  and  this 
view  meets  with  support  from  the  fact  that  mucobromic  acid,  which  is 
probably  the  brominated  derivative  of  the  compound  C^H^g,.  has  a  corresponding 
formula ;  but  it  is  not  impossible  that  fumaric  acid  and  the  compound 
C^H^Og  are  products  of  distinct  reactions,  and  that  the  latter  is  derived  from 
previously  formed  dibromosuccinic  acid. 

Apart  from  the  question  of  the  constitution  of  the  C^H^O^  (furfuryl)  group, 
there  can  be  no  doubt  that  in  furfuracrylic  acid  the  group  CgHj.COOH  occupies 
the  position  of  the  COOH  group  in  pyromucic  acid;  no  other  formula  would 
account  for  its  conversion  into  normal  pimelic  acid. 

The  formula  of  furfurangelic  acid  is  not  so  well  established  ;  if  the  azelaic  acid 
formed  by  its  reduction  be  the  normal  acid,  it  undoubtedly  has  the  formula 
C^H^O.CHzCH^.CH^.COOH;  but  it  is  possible  that  it  has  the  formula 
CH3.CH2.C(C^H30).COOH.  The  high  melting-point  of  the  azelaic  acid  produced 
favours  the  former  assumption. 

(1928)  Dehydromucic  acid:  Ofifl,  =  Cflfi{C0011\.—To  prepare  this^acid 
mucic  acid  is  heated  with  a  solution  of  hydrobromic  acid  saturated  at  o""  (32°  F.) 
for  eight  hours  at  130°— 140°  (266°— 284°  F.) :  the  amount  produced  is  equal  to 
about  30  per  cent,  of  the  mucic  acid  employed.     It  crystallizes  in  long  glistening 
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needles,  difficultly  soluble  in  cold,  more  easily  soluble  in  hot  water.  Baric  dehy- 
dromucate,  CgHPgBa,  tbe  most  characteristic  salt  of  the  acid,  crystallizes  with 
either  3  or  6  molecules  of  water.  Ethylic  dehydromucate  crystallize^  from 
alcohol  in  colourless  prisms,  melting  at  47°  (ii6°"6  F.) ;  it  is  not  acted  on 
by  acetic  anhydride.  Dehydromucic  acid,  if  carefully  heated,  sublimes  unchanged 
without  melting,  but  if  submitted  to  dry  distillation  it  is  entirely  resolved  into 
carbonic  anhydride  and  pyromucic  acid.  On  treatment  with  nascent  hydrogen, 
it  yields  two  isomeric  acids  of  the  formula  CgHgO^  (Heinzelmann,  Ann.  Chem. 
Pharm.  cxciii.  184;  Seelig,  Deut.  chem.  Ges.  Ber.,  xii.  1081). 

There  can  be  little  doubt  that  dehydromucic  acid  is  closely  related  in  consti- 
tution to  pyromucic  acid ;  the  following  formulae  may  be  suggested  as  the  most 
probable  : 

HC-CH  HO  =  CH 

COOH.C     C.COOH  COOH.C  -  C.COOH 

\/  \/ 

0  0 

(1929)  Meconic  acid :  C^H^Oy — Meconic  acid  occurs  in  opium  chiefly  in 
combination  with  the  alkaloids,  and  may  be  precipitated  as  baric  or  calcic  salt  from 
the  aqueous  extract  by  the  addition  of  baric  or  calcic  chloride.  To  prepare  the  acid, 
crude  calcic  meconate  is  gradually  added  to  a  mixture  of  6  pts.  ordinary  hydrochloric 
acid  and  20  pts.  boiling  water,  the  mixture  being  frequently  shaken,  and  kept  at 
a  temperature  somewhat  below  100°  (212°  F.)  until  the  whole  is  dissolved;  if 
necessary,  the  liquid  is  then  rapidly  filtered  through  a  linen  bag;  on  cooling, 
the  acid  is  deposited,  but  in  more  or  less  coloured  crystals  ;  it  may  be  partially 
purified  by  dissolving  these  in  as  little  hot  water  as  possible  and  then  adding 
h3'drochloric  acid,  being  much  less  soluble  in  dilute  hydrochloric  acid  than  in 
water,  and  finally  is  rendered  (colourless  by  recrystallization  from  boiling  water. 

Meconic  acid  crystallizes  in  micaceous  scales  of  the  formula  CyH^O^  +  3OH2, 
readily  soluble  in  water  and  alcohol;  the  crystals  are  rendered  anhydrous  by 
heating  at  100°  (2I2°F.). 

The  general  behaviour  of  meconic  acid  is  that  of  a  dibasic  acid,  but  it  also 
yields  trimetallic  derivatives,  a  tri-argentic  derivative,  CyHAg^Oy,  for  example, 
being  thrown  down  as  a  yellow  precipitate  on  the  addition  of  argentic  nitrate  to 
a  solution  of  the  acid  neutralized  with  ammonia.  A  solution  of  meconic  acid  or 
of  a  meconate  is  coloured  blood-red  by  ferric  chloride  ;  the  colour  is  not  discharged 
on  boiling,  or  on  the  addition  of  dilute  hydrochloric  acid,  or  of  a  dilute  solution 
of  mercuric  chloride  (distinction  from  acetates  and  thiocyanates).  If  an  alco- 
holic solution  of  the  acid  be  saturated  with  hydrochloric  acid,  a  monethylic  and 
diethylic  salt,  both  of  which  are  crystalline,  are  produced ;  a  triethylic  salt  cannot 
be  obtained,  however.  By  acting  on  a  solution  of  meconic  acid  with  sodium 
amalgam  until  a  portion  of  the  neutralized  liquid  is  not  coloured  by  ferric 
chloride,  hydromeconic  acid  is  formed ;  this  acid,  according  to  Korff  (J.ww.  Chem. 
Pharm.,  cxxxviii.  191),  probably  has  the  formula  CyH^^Oj,,  but  it  does  not  crys- 
tallize, neither  does  it  furnish  crystalline  salts ;  this  acid  is  not  acted  on  either 
by  bromine  or  by  nitric  acid,  but  on  distillation  decomposes  entirely  (comp. 
Ihlee,  ii^'c?.  clxxxviii.  41). 

(1930)  Comenic  acid,  C^HPg,  is  produced  on  heating  meconic  acid  at  about 
120°  (248°  F.)  and  by  prolonged  boiling  of  an  aqueous  or  hydrochloric  acid 
solution  of  this  acid.  It  crystallizes  in  anhydrous  prisms  or  laminae,  requiring 
more  than  16  times  their  weight  of  boiling  water  to  dissolve  them.  It  yields 
both  mono-  and  dimetallic  salts,  but  is  apparently  a  monobasic  acid,  forming  only 
a  monethylic  salt ;  like  that  of  meconic  acid,  its  solution  is  coloured  red  by  ferric 
salts.  When  submitted  in  aqueous  solution  to  the  action  of  bromine  or  chlorine, 
it  yields  bromo-  and  chlorocomenio  acids,  C^H^BrO^  and  CgHjClO^,  but  at  the 
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same  time  a  considerable  proportion  undergoes  oxidation  to  oxalic  acid,  &c.     It 
combines  with  nascent  hydrogen  (Korff). 

(193 1)  Pyromeconic  (?)  acid:  CgHp^.— This  isomeride  of  pyromucic  acid 
is  formed  on  submitting  either  meconic  or  comenic  acid  to  dry  distillation.  It 
crystallizes  from  water  in  large  colourless  prisms,  melting  at  117°  {2\2°-6  F.), 
easily  soluble  in  cold  water  and  alcohol ;  it  boils  at  225°  (437°  F.)  almost  without 
decomposition  (Ost,  Jour.  pr.  Ghem.  [2],  xix.  177).  It  affords  a  blood-red 
coloration  with  ferric  salts.  Although  its  solution  exhibits  only  a  faint  acid 
reaction,  pyromeconic  acid  forms  well-characterized  metallic  derivatives  of  the 
formula  CgHgO^M',  and  also  a  peculiar  class  of  derivatives  of  the  formula 
CgHg03M'  + CgH^Og.  Thus,  if  an  excess  of  an  alcoholic  solution  of  potassic 
hydrate  he  added  to  a  hot  saturated  alcoholic  solution  of  the  acid  and  the  liquid 
allowed  to  cool,  a  crystalline  mass  of  the  potassic  derivative  CgHgOgK  is  obtained. 
On  digesting  a  warm  solution  of  the  acid  with  baric  carbonate,  carbonic  anhydride 
is  evolved,  and  as  the  solution  cools  the  compound  {Q^p^fi?^  4-  2C5H^0, 
crystallizes  out  in  glistening  needles  (Ihlee,  J^ww.  Chem.  Fharm.,  clxxxviii.  31); 
the  normal  barium  derivative,  (CgH303)2Ba  +  3OH2,  is  formed  on  adding  baric 
chloride  to  a  solution  of  the  acid  in  a  large  excess  of  ammonia  (Ost).  These 
derivatives  are  all  exceedingly  unstable,  and  decompose  on  boiling  their  solutions; 
if  the  acid  is  heated  with  an  excess  of  baric  hydrate  solution,  it  rapidly  decom- 
poses, formic  acid  being  the  chief  product.  It  does  not  furnish  an  ethylic  salt ; 
but  on  digestion  with  acetic  chloride,  it  is  converted  into  the  monacetyl  derivative 
0511303(021130).  On  passing  hydrochloric  acid  gas  into  a  solution  of  pyrome- 
conic acid  in  pure  ether,  white  crystals  of  a  compound  of  the  formula  CjH^OgHCl 
are  produced  ;  a  similar  compound  with  sulphuric  acid  may  be  obtained  by  adding 
sulphuric  acid ;  these  bodies  are  at  once  resolved  into  their  generators  by  water 
(Ost).  Pyromeconic  acid  does  not  combine  with  bromine,  but  if  left  in  contact  with 
it  is  gradually  con  verted  into  bromopyromeconic  acid,  CgHgBrOg.  Nitropyromeconic 
acid,  CgH3(N02)03,  may  be  obtained  by  acting  on  an  acetic  acid  solution  of 
the  acid  with  nitric  acid ;  it  crystallizes  in  yellow  prisms ;  on  reduction  it  is 
converted  into  amidopyromeconic  acid,  CgHg^NHjO^.  Nitropyromeconic  acid 
yields  a  number  of  characteristic  metallic  derivatives  of  the  formula  Cj.H2(N02)03M', 
but  does  not  appear  capable  of  forming  derivatives  corresponding  to  the  "  acid" 
pyromeconates  :  these  compounds  are  all  highly  unstable.  Pyromeconic  acid  is 
readily  acted  on  by  nitrous  acid,  and  apparently  is  converted  into  a  highly 
unstable  nitroso-derivative  of  the  formula  CgH3(N0)03  f  CgHA  ;  on  treatment 
with  sulphurous  acid  this  compound  takes  ap  two  atoms  of  hydrogen,  and  on 
extracting  the  product  with  hot  chloroform,  decomposition  takes  place,  pyrome- 
conic acid  going  into  solution,  oxypyromecazonic  acid,  CgHgNO^,  bemg  left. 
This  last  mentioned  body  crystallizes  from  water  in  white  needles;  m  general 
behaviour  it  closely  resembles  pyromeconic  acid,  forming  two  series  of  metallic 
derivatives,  and  being  very  readily  decomposed  by  alkalies  ;  submitted  to  the 
prolonged  action  of  tin  and  hydrochloric  acid,  it  loses  an  atom  of  oxygen,  being 
converted  into  pyromecazonic  acid,  C^HgNOg,  which  closely  resembles  the  parent 
compound  in  its  properties,  and  differs  greatly  from  the  isomeric  amidopyrome- 
conic  acid,  although,  like  the  latter,  it  yields  an  intense  indigo-blue  colour  with 
ferric  chloride.  The  metallic  derivatives  of  oxy-  and  of  pyromecazonic  acids  very 
readily  oxidize  on  exposure  to  air,  forming  blue  and  violet  compounds  (Ost). 

It  will  be  evident  that  the  so-called  pyromeconic  acid  differs  totally  from  pyro- 
mucic acid  in  its  general  behaviour  ;  the  following  formula  would  appear  to  some 
extent  to  express  its  reactions : 

CH— C(OH)  V 

CO~CH.CO/^ 


ADDITIONS,  COREECTIONS  AND 
CEOSS   EEFERENCES. 


(1031)  Fractional  Distillation. — An  improved  apparatus  for  :  Le  Bel  and 
Henninger,  Ber.*  7,  1084.  Observations  on:  P.  D.  Brown,  J.  C.  S.  Trans. 
1879,  547  ;  1880,  49;  Thorpe,  ibid.  1879,  544. 

(1032;  Ultimate  Analysis  of  Carbon  Compounds. — On  the  occlusion  of 
hydrogen  by  copper:  Johnson,  Journ.  C.  S.  29,  178;  Trans.  1879,  232; 
Lietzenmayer,  Ber.  11,  306.  Potassium  chrom.ate  as  a  substitute  for  copper: 
Perkin,  C.  S.  Trans.  1880,  121.  Platinum  as  a  substitute  for  cupric  oxide : 
Kopfer,  Ber.  9,  1377.  "^^^  simultaneous  determination  of  carbon,  hydrogen, 
and  nitrogen  :  Hempel,  Zeits.  Anal.  Chem.  1878,  409. 

(1041)  Determination  of  the  Salogens  in  Carbon  Compounds. — Volhard: 
Ann.  190,  40 ;  Schiff,  ibid.  195,  293. 

(105 1)  Determination  of  Vapour  Density. — Improvements  in  Hofraann's 
method:  Ber.  9,  1304;  Thorpe,  C.  S.  Trans.  1880,  146.  According  to 
Briihl  {Ber.  12,  197),  Hofraann's  method  is  not  available  at  temperatures  above 
220°.  A  new  simple  method  of  determining  vapour  density :  V.  and  C.  Meyer, 
Ber.  11,  2253. 

(iioo)  hydrocyanic  Acid. — Ammonic  formate,  according  to  Andreasch 
(Ber.  12,  973),  yields  only  water  and  formamide,  HCO.NH^,  on  distillation 
(comp.  p.  92).  On  the  polymerisation  of  hydrocyanic  acid,  see  C.H.  89, 
310. 

( 1 1 2 1 )  Diferrous  Dipotassic  Ferricyanide. — According  to  Skraup  {Ann. 
186,  37i)>  this  substance  may  be  formed  either  by  precipitating  potassium 
ferrocyanide  with  a  ferric  salt  or  potassium  ferricyanide  with  a  ferrous  salt.  On 
treatment  with  a  ferrous  salt,  it  is  converted  into  triferrous  ferricyanide  or 
Turnbull's  blue,  FCgCy^j,  a  ferric  salt  converting  it  into  the  compound 
Fe,  Cy„. 

(1162)  Normal  Heptane. — The  exudation  from  Pinus  sabiniana  has  been 
shown  by  Thorpe  to  consist  almost  entirely  of  pure  normal  heptane  (C.  S.  Trans. 
1869,  296). 

(1166)  Perchlorination  and  Perhromination  of  Dara^ns. — Comp.  ft. 
note,  p.  39.2,  and  Krafft  and  Merz,  Ber.  8,  1045,  1296;  Krafft,  5en  9, 
1085  ;  10,  801  ;  Merz,  ^er.  9,  1049,  1506;  11,  2244. 

(1171)  Trichloromethane. — The  formation  of  this  compound  on  distillation 
of  wood  spirit  with  bleaching  powder  is  apparently  to  be  ascribed  to  the  presence 
of  acetone  in  the  former.     The  production  from  alcohol  probably  involves  the 


*  Ber.     Berichte  der  deutschen  chemischen  Gesellschaft  zu  Berlin. 
C.  S.  Trans.     Journal  of  the  Chemical  Society.  Transactions. 
C.  S.  Journ.     Journal  of  the  Chemical  Society. 
C.  JR.     Comptes  rendus  de  I'Acaderaie  des  Sciences,  Paris. 
Ann,     Liebig's  Annalen  der  Chemie  und  Pharmacie. 
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prior  formation  of  trichloracetic  acid  (comp.  Schraitt  and  Goldbere  (Jour    vr 
Chem.  [2]  19,  393.)  ^  ^ 

(II 75)  Hyaloid  Derivatives  of  Ethane.— Qom^  Staedel  and  Denzel,  Ann. 
195,  i8o. 

(ii88)  Dibromo]propanes.—Oxi  the  most  favourable  conditions  for  the 
conversion  of  allylic  bromide  into  a-dibromopropane,  see  Erlenmeyer,  Ann. 
197,  169. 

(1202)  Nitroparaffi,ns. — For  additional  information  on  these  compounds, 
see  Ann.  180,  iii ;  181,  i ;  Ber.  9,  384—396,  701 ;  10,  2083  ;  12,  622', 
1883. 

(1207)  Dinitropropane.—^-T>m\ivo^roi^me,  QK^.GYL^.QK(lSiO^^,  isomeric 
with  the  S-dinitropropane,  CH3.C(N02)2.CH3,  described  in  this  paragraph,  is 
obtained  as  potassium  derivative  by  the  action  of  potassic  nitrite  on  potassium 
bromonitropropane,  CH3.CH3.CKBr(N02).  It  is  sharply  distinguished  from 
the  isomeride  by  the  power  which  it  has  of  exchanging  an  atom  of  hydrogen  for 
metals  (ter  Meer,  Ann.  181,  19). 

(1220)  Cyanoform. — Pfankuch's  statements  with  regard  to  this  compound 
appear  to  have  been  untrue  (comp.  Kolbe,  Jour.  pr.  Chem.  [21]  17,  287.) 

(1226J  Properties  of  Olefines. — On  the  action  of  water  on  defines,  see 
Butlerow,  Ann.  180,  245  ;  comp.  ft.  note,  p.  414.  The  somewhat  contradictory 
and  irregular  results  of  different  observers  who  have  studied  their  behaviour  on 
oxidation  appear  to  have  been  in  a  great  measure  due  to  the  employment  of 
impure  materials,  or  to  the  occurrence  of  secondary  changes.  Recent  observa- 
tions indicate  that  in  the  main  the  action  probably  consists  in  the  conversion 
of  the  olefine  in  the  first  place  into  the  corresponding  dihydric  alcohol,  which 
then  undergoes  oxidation  in  the  usual  manner  (comp.  Butlerow,  Ann.  173,375; 
189,  70  ;  Jawein,  195,  256;  Pawlow,  Ann.  196, 125  ;  Zeidler,  Ann.  197,  243  ; 
Hecht,  Ber.  11,  11 52). 

(1227)  Isomeric  and  homologous  Olefines. — The  olefines  noticed  in  the 
following  paragraphs  which  are  not  included  in  the  table  on  pp.  184 — 185  have 
to  be  inserted. 

(1231)  Isohutylene. — On  the  action  of  nitric  acid  on,  see  Hartinger,  Ann. 
193,  366. 

(1232)  Amylene. — It  appears  now  to  be  placed  beyond  doubt  that  the  crude 
araylene  from  ordinary  fermentation  amylic  alcohol  is  a  mixture  of  no  less  than  four 
isomeric  olefines,  viz.,  C3H/.CH:CH^,  C,H,.C(CH3):CH„  CH(CH3):C(CH3), 
and  CgHy.^CHrCH,  or  C,H,.CH:CH.CH^^  (comp.  pp.  448,45o»  5i7»  ^ZS^  and 
Ann.  197,  253  ;  Ber.  10,  1905,  2058).  The  first  and  second  of  these  are 
primary  derivatives  of  the  two  alcohols  which  are  the  well  recognized  constituents 
of  ordinary  amylic  alcohol ;  the  third  is  formed  from  the  first  and  second  by 
isomeric  change.  The  origin  of  the  fourth  is  at  present  obscure ;  it  has  been 
suggested,  however,  that  fusel  oil  contains  normal  primary  amylic  alcohol. 

The  iodide  formed  by  combining  a-methylethylethylene  from  diethyl- 
carbinol  (p.  195)  with  hydriodic  acid  has  the  formula  CH3.CHI.C3Hy"  (^»». 
179,313). 

(1233)  H.exylene. — Hexylene  from  secondary  hexylic  iodide  from  mannite 
has  the  formula  C3H,.«CH:CH.CH3  (Hecht,  ^er.  11,  1152).  On  tetramethy- 
lethylene,  ^{fM^^S^ij:.'^.^^  ethyl-a-dimethylethylene,  C2H,.C(CH3):CH(CH3), 
and  ethyl-^-dimethylethylene,  C2Hg.CH:C(CH3)2  see  Pawlow,  ^w».  196,  122  ; 
and  Jawein,  Ann.  195,  253.  These  olefines  boil  respectively  at  73°,  71°, 
and  6^. 

(1234)  Septylene.—T\iQ  following  additional  heptylenes  have  been 
described:  methyl-a-diethylethylene,  CH3.C(C,H,):CH.C2H,  (b.  p.  90''— 95°)  ^nd 
trimethylethylethylene,  (CH3XC:C(CH3)(C,Hj  (b.  p.  75°— 80°)  (Pawlow,  Ann. 
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188,    124)    methylisobutylethylene,  CHg.CHcCH.C.H/  (Rohn,   Ann.  190, 
314);    methyl-5'butylethylene,    CHj:C(CH3)(C,HJ^    (Butlerow,  Ann.   177, 

1850 

(1235)  Ontylene. — Normal  octylene  or  a-hexylethylene,  CH^iCH.CgHjga, 
from  normal  octylic  iodide,  is  said  to  boil  at  122° — 123°  (Mosslinger,  Ann. 
185,  53.  The  octylene  from  methylhexylcarbinol  doubtless  has  the  formula 
CHg.CHrCH.CgHj^a  (corap.  399).      Diisobutylene  (comp.  p.  835). 

(1240)  Haloid  Derivatives  of  Ethylene. — Comp.  Denzel,  Ann.  195, 
205.  A  number  of  chloro-  and  bi:omo-  derivatives  of  ethylene  and  other 
defines  combine  directly  with  oxygen,  forming  chlorides  or  bromides  of  haloid 
derivatives  of  acids  of  the  acetic  series  ;  thus  dibroraethylene,  CH^'.CBr^,  yields 
monobromacetic  bromide,  CH^Br.COBr  (Demole,  Ber.  11,  315,  1302  ;  12, 
2245;  comp.  Henry,  Ber.  12,  1838). 

(1244)  Chlorohromopropylenes ^ — The  supposed  propylene  derivatives  pre- 
pared from  so-called  croton-chloral  (p.  206)  are  doubtless  propane  derivatives 
(comp.  p.  397). 

(1248)  Acetylene. — According  to  Lagermark  and  EltekofF(5er.  12,  6931), 
Berthelot's  supposed  vinylic  alcohol  is  really  crotouic  aldehyde  (comp.  Zeisel, 
Ann.  191,  366),  as  suggested  at  p.  213. 

(1249)  Cuprous  Acetylide. — Blochmann  states  (^Ann.  173,  176)  that 
after  drying  over  calcic  chloride  this  compound  corresponds  in  composition  to  the 
formula  CgH^CugO  (?  HC:C.Cu.Cu.OH)  and  the  analogous  silver  derivative  to 
the  formula  C^U^Ag^O. 

(1254)  Valerylenes. — Isopropacetylene  boils  at  28° — 30°,  and  on  oxidation 
yields  isobutyric  and  acetic  acids  and  acetone  {Ber.  10,  1102,  2249;  11, 
1939).  Methylethylacetylene,  CHg.CjC.C^Hg.  boils  at  51° — 52°,  and  yields 
acetic  and  propionic  acids  on  oxidaticm  {Ber.  10,  1904,  2057).  On  the  action 
of  the  haloid  acids  on  isoprene,  see  Bouchardat,  C.B,.  89,  11 17. 

(1255)  Hexoylene. — The  bromide  of  the  hexoylene  from  secondary  hexylic 
iodide  from  mannite  is  convertible  into  a  methylpropylacetylene  CHg.C;C.CgHy, 
which  boils  at  80° — 83°,  and  on  oxidation  yields  acetic  and  butyric  acids  (Hecht, 
Ber.  11,  1050). 

Diallyl. — This  hydrocarbon  yields  chiefly  succinic  acid  on  oxidation  with 
potassic  permanganate  (Sorokin,  Ber.  12,  2374). 

(1262)  Hydrocarbons  of  the  CJBL^  — ^  series. — Two  additional  hydrocarbons 
of  this  series  have  been  described,  vinylallylethylene  CjHg.CHiCH.CgHg  {^Ann. 
185,  144)  and  cantharene,  QfJi^,^{Ber.  12,  577).  The  latter  is  obtained  from 
cantharidin;  it  boils  at  134°,  and  absorbs  oxygen  with  great  avidity  j  on  oxida- 
tion it  is  converted  into  orthotoluic  acid. 

(1265)  Artificial  Terpenes. — The  hydrocarbon  obtained  by  Bauer  and 
Verson  yields  neither  cymene  nor  terephthalic  acid  (Tgolessoff,  ^er.  12, 14869), 
and  therefore  dijQTers  totally  from  the  terpenes.  According  to  Bouchardat 
{C.R.  86,  654),  not  only  isoprene  but  also  (crude)  valerylene  from  (crude) 
amylene  is  partially  converted  into  a  hydrocarbon  of  the  formula  C^^H^g  when 
heated  in  sealed  tubes  at  about  250°.  The  product  has  all  the  properties  of 
terpilene,  the  hydrocarbon  obtained  by  splitting  off  the  elements  of  two  mols. 
hydrochloric  acid  from  the  terpene  dihydrochlorides  (comp.  p.  234). 

(1268)  Terpene  Hydrochlorides. — Probably  a  liquid  monohydrochloride 
does  not  exist,  the  supposed  liquid  isomeride  of  the  solid  hydrochloride  being 
apparently  a  mixture  of  the  solid  mono-  and  dihydrochlorides  and  cymene 
(comp.  Atterberg,  Ber.  10,  I202j  Tilden,  Ber.  12,  1131).  On  the 
action  of  sodium  on  the  terpene  hydrochlorides,  see  Montgolfier,  Ann.  Chim. 
Phys.  [5]  19,  145.  ... 

(1271)  Terebene. — The    supposed    terebene    of    Deville    and    Riban    is 
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impure  inactive  camphene  (Armstrong  and  Tilden,  C.  S.  Trans  iSlQ 
733)'  '        '^' 

(1275)  Nitrosoterpenes.~^QQ  Tilden  and  Shenstone,  C,  S  Journ  31   cKa 

(1276)  Terpenemonohydrates.—'^QQY{?i^\iz^\ij,Ber.\2,    2354 
(1284)    Compounds  present  in  Coal  T«r.— The  existence'  of  the  following 

compounds  besides  those  mentioned  on  p.  251,  has  been  established.  Aceto- 
mtrile,  CH3.CN,  ethyhc  alcohol  {Ber.  10,  2227),  orthoxylene  (Ber.  10 
loio),  fluoranthene,  C^^H^^  {Ann.  193,  142;  200,  i),  carbazol,  C  HN 
{Ann,  163,  256;  167,  125),  and   phenylnaphthylcarbazol,  C  ,H,  N   (B^  12 

341,    2242).      ^  16      11  \  » 

(1291)  DlppeVsoil. — On  the  constituents  of  this  oil:  see  Weidel  (.ffe/*.   12 
1989;  Weidel  and  Ciamician,  ^er.  13,  65).  *        ' 

(1292)  Benzene.— On  the  action  of  hydriodic  acid  on  benzene  and  its  homo- 
logues,  see  Wreden  Ann.  187,  153;  Berthelot,  Ann.  Chem.  Phys.  [5]  15, 
150  J  comp.  (1296).  On  the  action  of  chlorous  acid  on  benzene,  comp.  ft.  note,* 
P-  795- 

From  "  but  inasmuch,"  line  7,  to  "Benzene,"  line  16,  and  the  included  fig. 
on  p.  263,  should  be  cancelled,  and  the  words  "  whereas  only  three  are  known  " 
should  be  inserted  after  "  exiat"  on  line  7.  The  alternative  symbol  there  given 
is  that  proposed  by  Korner  {C.  S.  Journ.  1876,  29,  240),  who  appears  entirely 
to  have  overlooked  the  fact  that  this  symbol  involves  the  existence  of  only  two 
isomeric  di-derivatives  of  benzene.  That  this  is  the  case  will  readily  be  seen  on 
constructing  Korner's  symbol  with  the  aid  of  three  knitting-needles  or  pieces  rf 
wire,  a  cork,  and  string:  each  of  the  carbon  atoms  to  which  the  hydrogen  atoms 
2,  4  and  6,  are  respectively  attached,  it  will  be  evident,  is  similarly  situated 
relatively  to  the  carbon  atom  i,  and  to  the  carbon  atoms  3  and  5.  Comp.  p. 
389  ;  also  Japp,  C.  S.  Trans.  1880,  89. 

(1294)  Homologues  of  Benzene. — The  following  have  to  be  added  to  the 
list  on  p.  278:— r:3-methylethylbenzene,  CH^.C^H^.C^H^  (b.  p.  158°— 159°), 
Ann.  192,  198;  i:4-methylisopropylbenzene,  CHg.CgH^.CgH/  (b.  p.  i7i°-5), 
Ber.  12,  429;  y-butylbenzene,  G^\i^.Qn{QIiXQ^E^  (b.  p.  171°),  comp.  ft. 
note,  p.  342;  pentamethylbenzene,  CgH^CHg)^,  Ber.  12,  329;  hexmethyl- 
benzene,  CJS^'R^^,  Ber.  12,  329,  C.B.  87,  260  ;  1:4  propylisopropylbenzene, 
C.H,«.C,H^.C3H,Mb.p.  212°). 

(1300)  Xylene. — On  the  separation  of  the  three  isomeric  xylenes,  see 
Jacobsen,  Ber.  10,  1009. 

(1301)  Isopropylhenzene . — Comp.  Liebmann,  ^er.  13,  45. 

(1302)  Cymene. — The  synthesis  of  this  hydrocarbon  from  normal  propylic 
bromide  and  parabromotoluene  has  been  verified  by  Jacobsen  {Ber.  11,  2049). 
Jacobsen  has  also  confirmed  Kraut's  remarkable  observation  that  cymene  is 
formed  on  boiling  cuminylic  alcohol  (1481) — an  isopropylic  compound — with 
zinc  dust;  as  well  as  Nencki  and  Ziegler's  statement  (p.  280)  that  cymene  is 
converted  into  cuminic  acid  on  oxidation  in  the  body  {Ber.  12,  15 12). 
According  to  Etard  {C.R.  90,  534),  cuminic  aldehyde  is  obtained  on  treatment 
of  the  product  of  the  action  of  chromic  chloride,  CrOgCl^,  on  cymene  with  water. 
No  explanation  of  these  remarkable  instances  of  isomeric  change  has  as  yet  been 
given. 

(1302)  Durene. — Renter  has  shown  {Ber.  11,  31)  that  this  hydrocarbon 
has  the  constitution  expressed  by  fig.  II.,  p.  295. 

( 1304)  Propylisopropylhenzene. — This  hydrocarbon,  obtained  by  the  action 
of  zincic  ethide  on  the  chloride  CgHy.CgH^.CHjCl  from  cuminylic  alcohol, 
yields  propylbenzoic  acid,  isomeric  with  cuminic  acid,  and  homoterephthalic  acid 
COOH.C.H^.CH^.COOH  on  oxidation  (Paterno  and  Spica,  G.  S.  Journ.  34, 
138). 
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(1306)  Hydrocarhons  Cj^H^^. — The  suggestion  that  these  hj'drocarbons  are 
tripropyl-derivatives  of  benzene  is  doubtless  incorrect;  probablj',  like  the  terpenes, 
they  are  of  peculiar  constitution. 

(13 1 3)  Sexahromohenzene. — Comp.  Gessner,  Ber.  9,  1506. 

(13 1 7)  Chlorohenzenes. — On  the  isomeric  tri-  and  tetrachlorobenzenes,  all 
the  possible  modifications  of  which  are  now  known,  see  Beilstein  and  Kurbatow, 
Ann.  192,  228. 

(1322)  lodohenzene. — This  may  be  prepared  by  adding  iodine  chloride 
to  benzene  containing  a  small  quantity  of  aluminic  chloride  (Greene,  C.R.  90, 40). 

(1344)   Trinitrohenzene. — Comp.  Hepp.  Ber.  9,  402. 

(1346)  Nitrotoluene. — Crude  nitrotoluene  is  a  mixture  of  the  para-,  ortho-, 
and  meta-  compound  {Ber.  12,  343). 

(1353)  Nitro-haloid  Derivatives  of  Toluene. — On  the  action  of  chlorine 
and  bromine  on  the  heated  mononitrotoluenes,  see  Wachendorff",  Ann.  185, 
259;  GreifF,  Ber.l^,  288. 

(1356)  Action  of  Beagents  on  Benzene,  Sfc. — The  meta-  as  well  as  the 
para-  and  ortho-  derivative  is  formed  by  the  action  of  nitric  and  of  sulphuric 
acid  on  toluene  (Claesson  and  Wallin,  Ber.  12,  1848),  and  also  on  treating 
aniline  sulphate  dissolved  in  an  excess  of  sulphuric  acid  with  nitric  acid 
(Huebner,  Ber.  10,  1/16).     This  should  be  not^d  in  Wiq  table  on  p.  337. 

(^357)  Cinnamene. — On  homologues  of  this  hydrocarbon,  see  Perkin, 
C.  S.  Journ.  32,  660. 

(1367)  CJdoronaphthalenes. — Comp.  p.  498.  Much  attention  has  recently 
been  paid  to  the  investigation  of  the  naphthalene  derivatives,  and  no  less  ^than 
eight  isomeric  dichloronaphthalenes  are  now  known.  They  will  be  found  fully 
described  in  the  art.  "Naphthalene,"  in  Watts'  Dictionary,  vol.  viii.,  pt.  2. 

(1376)  Somologues  of  Diphenyl. — On  the  formation  of  these  by  Zincke's 
method,  comp.  sec.  5,  p.  772. 

(1389)  Constitution  of  Anthracene. — For  a  proof  that  in  both  Cg-  groups 
of  anthracene  two  atoms  of  hydrogen  in  the  ortho-position  are  displaced,  see  v. 
Pechmann,  Ber.  12,  2125.  It  is  probable  that  the  conversion  of  dibroman- 
thraquinone  into  alizarin  does  not  merely  involve  the  displacement  of  the  bromine 
atoms  by  two  hydroxy  1  groups,  and  therefore  this  reaction  does  not  afford  a  reli- 
able determination  of  the  constitution  of  dibromanthraquinone  (comp.  Perkin, 
C hem.  News,  41,  4^). 

(1392)  Constitution  of  Bhenanthrene. — Comp.  Japp,  C.  S.  Trans.,  1880, 
86. 

(1402)  Triphenylmethane. — This  hydrocarbon  is  a  product  of  the  conjoint 
action  of  aluminic  chloride  and  trichloromethane  on  benzene  (Friedel  and  Crafts, 
C.R.  S4.,  1450.) 

(1407)  Dinaphthyls. — Three  isomeric  dinaphthyls  are  now  known  (Watson 
Smith,  C.  S.  Journ.  32,  559;  Trans.  1879,  224). 

(141  o)  Dinaphthylethylene. — Comp.  Grabowski,  Ber.  11,  298. 

(14 1 3)  Tetrajphenylmethane. — Comp.  sec.  5,  p.  772. 

(1416)  Review  of  the  Hydrocarhons. — With  reference  to  the  action  of 
hypochlorous  acid  on  propylene,  and  of  sulphuric  acid  on  amylene,  discussed  on 
p.  401,  comp.  pp.  451,  462,  835.  Ossipoff's  conclusions  appear  to  have  been 
based  upon  an  insufficient  examination  of  the  products  (comp.  Wischnegradsky, 
Ber.  10,  404). 

(141 9)  Tertiary  Carhinols. — Comp.  p.  562. 

(1421)  Formation  of  Tertiary  Carhinols. — Comp.  p.  771.  By  action  cf 
water  on  mono-haloid  derivatives  of  paraffins,  see  Niederist,  Ann.  186,  388  ; 
196,  349. 

(1422)  Diagnosis  of   Carhinols. — Meyer's  method  appears    only   to   be 
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available  for  the  lower  terms  of  the  series.     It  answers  with  normal  primary 
octy  ,0  al«>hol  bu  Ms  with  secondary  he.jlio  iodide  (Gutknecht,'S.r.  12   622T 

(1426)  Methi^lio  ^fcoAoZ.-Thorpe gives  fis-^as  the  boiling  poin  of  thU 
alcohol  (C.S.  Tram.  1879,  544)  .On  the  action  of  chlorine  on  methjlic  alcohol^ 
comp.  p.  461.  •'         '-""v^tf 

(1427)  ^%/ic  Alcohol-^0^  the  synthesis  of  this  alcohol  from  ethylene 
comp.  p.  188.  J     ^^> 

(1430)  Isomeric  change  in  the  Propyl  Series.— On  the  action  of  water  on 
propylenio  bromide,  &c.  (ft.  note,  p.  437),  comp.  Eltekoff  Ber.  11  qSq. 
Flavitzky,  5e;\  11,  1940.  '  y   ^y 

(1435)  Isomeric  change  in  Butyl  -Sfez-iie*.— According  to  Meyer,  Barbieri  and 
Foster  {Ber.  10,  130),  Linnemann's  statement  that  normal  butylamine  nitrite 
yields  isoprimar/butylic  alcohol  is  incorrect ;  the  products  are  normal  buylene 
normal  primary  butylic  alcohol  and  secondary  butylic  alcohol.  Comp.  Brauner' 
Ber.  12,  1877.   For  "secondary," line  15  from  bottom  p.  442,  read  "isoprimary.'' 

(1438)  Amylic  Alcohols. — On  optically  active  and  inactive  amylio  alcohols, 
see  Le  Bel,  Bull.  Soc.  Chim.  31,  104. 

(1439)  Propylmethyl  Carbinol. — Comp.  p.  991. 

(1444)  Dimethylisoprojpyl  Carbinol. — This  alcohol  boils  at  117',  Pawlow, 
Ann.  196,  123. 

(1448)  Tertiary  Keptylic  Alcohols. — Comp.  p.  562. 

(1454)  Table  of  Carhinols  of  Ethylic  Series,  pp.  458,  459,  460.— Alter 
b.  p.  of  methylic  alcohol  to  65°-2,  and  diff.  of  b.  p.  between  methylic  and  ethylic 
alcohols  to  I3°'2.  Also  b.  p.  of  dimethylisopropylcarbinol  to  117°,  and  diff. 
between  it  and  dimethyl-(3-butycarbinol  to  13°.  Insert  tertiary  alcohols 
described  on  p.  562. 

(1457)  Allyldimethyl  Carbinol. — Comp.  Ann.  185,  151.  Three  homo- 
logues  of  this  alcohol  are  now  known : — allyldiethylcarbiiiol  (b.  p.  155° — 
156°);  allyldipropylcarbinol  (b.  p.  192° — 193°)  ;  and  methylbutallylcarbinol, 
CH3.CH(OH).CH,.C3H^(b.  p.  i38°-.i39°)  {Ann.lQQ,  109,  113  ;  C.S  Trans. 
1878,  53). 

(1461)  Methyldiallyl  Carbinol. — Three  homologues  of  this  alcohol  also  have 
been  prepared : — diallylcarbinol  (b.  p.  151°)  ;  diallylpropylcarbinol  (b.  p.  195°) ; 
and  diallylisopropylcarbinol  (b.  p.  182'' — 185°)  {Ann.lSb,  129,  169;  193, 
362  ;  Ber.  12,  689,  2374). 

(1462)  Homologues  of  Phenol. — Several  of  the  phenols  noticed  in  the 
following  paragraphs  have  to  be  added  to  the  list  on  p.  469. 

(1463)  Preparation  of  Phenols. — Comp.  Degener,  Jour.  pr.  chem.  [2]  17, 
394;  20,   300;  Meyer,  Ber.  8,  1074. 

(1466)   Phenoquinone. — Comp.  note  to  1690. 

(1471)  Bromophenols. — Tribromophenol  is  converted  into  the  compound 
C^H.^Br3.0Br  by  the  action  of  bromine  water ;  on  warming  with  concentrated 
sulphuric  acid  until  it  melts,  this  body  forms  tetrabromophenol  CgHBr^.OH 
(Benedikt,  Ann.  199,  127). 

(1479)  Xylenols  or  Xenols. — Jacobsen  has  shown  [Ber.  11,  17)  that  the 
crystalline  xenol  described  on  p.  492  is  derived  from  paraxylene;  it  therefore  has 
the  constitution  [OH  :  CH3 :  CHg  =  1:2:5].  Paraxenol  melts  at  74°'5,  and  boils 
at  2ii°-5.  The  supposed  xenol  from  mesitylenesulphonic  acid  is  mesitol 
(1480).  Metaxylene  yields  two  isomeric  sulphonic  acids,  which  are  converted 
into  corresponding  metaxenols  by  fusion  with  potassic  hydrate ;  that  from  the 
sulpho-acid,  which  is  the  chief  product, has  the  constitution,[OH;CH3:CH3  =  1:2:4] 
and  is  liquid;  the  isoraeride,  [OH:CH3:CH3=  i:2:6,]  is  crystalline  and  has  the 
same  melting  and  boiling  point  as  paraxenol.  Ortlioxenol,  [OH:CHj:CHj  =  1:3:4] 
melts  at  61°  and  boils  at  225°. 
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(1480)  PropylpJienols.  Pseudocumenol. — Both  propyl-  and  isopropyl- 
benzene  yield  isomeric  sulphonic  acids,  which  are  converted  into  corresponding 
phenols  by  fusion  with  potassic  hydrate.  The  propylphenols  are  both  liquid  ; 
the  para-compound  boils  at  232°,  the  ortho-  at  226°.  The  isopropylphenol  which 
is  the  chief  product  melts  at  61°  and  boils  at  229°;  theisomeric  ortho-compound 
is  liquid,  and  boils  at  227°  (Paterno  and  Spica,  Gazz,  CJiim.  6,  535  ;  7,  216). 

Pseudocumenol,  €^112(0113)3. OH,  from  pseudocumenesulphonic  acid,  melts 
at  69°  and  boils  at  240°  (Renter,  Ber.  11,  29).     Mesitol  boils  at  220°. 

(1483)  Cholesterin.  —  Cholesterin  is  converted  into  a  dinitro-derivative 
by  the  action  of  concentrated  nitric  acid  {^Ber.  12,  224).  On  the  behaviour 
of  cholesterin  on  oxidation,  see  Ber.  10,  82,  232  ;  11,  1941. 

(1489)  Anthrols. — By  reducing  anthraquinonemonosulphonic  acid  with 
hydriodic  acid,  and  fusing  the  resulting  an thracenesul phonic  acid  with  potassic 
hydrate,  an  anthrol  CgH^:C2H2:CgH3(OH)  is  produced  different  from  either  of 
those  described  by  Linke,  whose  observations  Liebermann  has  been  unable  to 
verify  {Ber.  12,  592).  By  heating  anthraquinoue  with  hydriodic  acid  and 
phosphorus,  an  isomeric  phenol,  CgH^;C2H(0H);CgH^,  so-called  anthranol,  is 
obtained  (Liebermann  and  Topf,  9,  1201).  Chrysazin  (1/05),  when  treated  in 
like  manner,  yields  a  dihydric  alcohol  of  the  formula  CgH^:C2H(OH).CgH3(OH) 
{Ber.  10,  606;  11,  1610).  Two  isomerides  of  the  latter,  of  the  formula 
CgH3(OH)C2H2  CgHg(OH),  have  been  obtained  from  the  isomeric  disulphonic 
acids  prepared  from  anthracene  {Ber.  11,  161 5  ;  12,  185). 

(1496)  Glycol. — On  the  preparation  of  glycol,  see  Niederist,  Ann.  196, 
354.      Comp.  Eltekoff,  Ber.  11,  989;  Flavitzky,  Ber.  11,  1256,  1940. 

(1499)  Methyl  Glycol. — Comp.  note  to  1530. 

(1502)  JPropylmethyl  Glycol. — This  glycol  yields  acetic  and  normal  butyric 
acid  on  oxidation  as  required  by  the  formula  C3H^.CH(OH).CH(OH).CH3 
(Hecht,  Ber.  11,  11 54). 

(1505)  Orcinols. — It  would  probably  be  better  to  term  the  1:3  dihydric 
phenols  orcinols  rather  than  resorcinols  as  suggested  in  the  ft.  note,  p.  519. 

(1508)  Pentahromoresorcinol. — This  body  doubtless  has  the  formula 
CgHBr3(OBr)2  and  the  corresponding  chlorine  derivative  and  the  homologous  com- 
pounds from  orcinol  are  similarly  constituted  (comp.  Benedikt,  Ann.  196,  127). 

(15 1 7)  Constitution  of  Orcinol. — Supposing  orcinol  to  be  a  resorcinol 
derivative,  the  relative  position  of  the  methyl  and  hydroxyl  groups  may  be 
[OH:OH:CH^=  1:3:5  or  1:3:4]  or  [OHrCHg-.OH-  1:2:3].  The  tendency  which 
it  exhibits  to  form  tri-derivatives  ;  its  conversion  into  a  dinitroso-derivative 
(Stenhouse  and  Groves,  C.  S.  Journ.  31,  544) ;  and  the  formation  from  it  of 
two  dialdehydes  favour  the  assumption  that  it  has  the  constitution 
[OH:OH:CH.=  1:3:5]. 

(11525)  Hydrohenzoin. — The  conclusion  that  hydro-  and  isohydro-benzoin 
must  both  be  represented  by  the  formula  CgH^.CH(0H),CH(0H).C„H5  has 
been  entirely  confirmed  by  further  investigation  (Zincke  and  Breuer,  Ann. 
198,  115,  141 ;  comp.  1665,  1680,  1919  and  Ber.  11,65,  ^Z9^  '  13,641). 
Both  furnish  benzil,  CgH^.CO.CO.CgH^,  on  oxidation  with  nitric  acid.  When  sub- 
mitted to  the  action  of  PCI5,  hydrohenzoin  yields  two  chlorides  of  the  formula 
Cj^HjjClj,  one  of  which  melts  at  192°,  the  other  at  94° ;  and  the  former  of 
these  chlorides  only  is  obtained  from  isohydrobenzoin.  When  submitted  to  the 
action  of  twenty  per  cent,  sulphuric  acid,  they  each  furnish  diphenethaldehyde, 
(CgH5)2CH.COH,  together  with  a  crystalline  substance  of  the  empirical 
formula  C^J^^^O  j  the  products  of  this  formula  from  the  two  alcohols  are 
isomeric,  however,  but  apparently  the  isomerism  is  similar  in  character  to  that 
which  obtains  between  the  parent  alcohols. 

At  line  15  from  bottom,  p.  536,  insert  the  word  "much"  before  "  lower," 


CROSS   REFERENCES.  1007 

*na  at  line  13  insert  the  ^vds  "  a.elts  at  only  a  i+°  higher  "  temperature,  instead 

01  at  a  higher  temperature. 

(1527)   Ant/traquinol.—Comi^.  note  to  1489. 

(1530)  (?/:yW.-Sodium  glycerol  (p.  539)  yields  methylglycol,  among 
other  products,  on  dry  distillation  ;  it  suffices  to  distil  a  mixture  of  equal  mole- 
cular proportions  ol  glycerol  and  sodium  hydrate  (Ber.  12,  1872) 

According  to  Fitz  {Ber.ll,  42,  1892),  BanilU,^  suhtUis  feraients  glycerol 
with  Ic.rtnation  of  ethylic  alcohol,  100  grammes  of  glycerol  yielding  from  2i5--2o 
grammes  of  alcohol ;  an  allied  Bacillus,  somewhat  larger  in  size.liovvever  '  pro- 
duces  normal  butylic  alcohol  (p.  546).  It  may  also  be  fermented  to  normal 
propylic  alcohol  {Ber.  13,  36). 

(1534)  PyrogalloL—ThQ  formation  of  anthragallol  (1706,  p.  807)  with 
the  aid  of  pyrogallol  would  appear  to  indicate  that  in  this  latter  the  three  OH 
groups  are  relatively  in  the  positions  1:2:3  (comp.  p.  810),  but  the  occurrence 
of  isomeric  change  in  such  a  reaction  is  by  no  means  improbable. 

(1535)  Phlorogliicol.~TW\s  alcohol  is  formed  on  fusing  phenol  or  resorcinol 
with  sodic  hydrate,  the  latter  yielding  nearlv  70  per  cent,  of  its  wei^'ht ;  the 
former  only  about  20  per  cent.  (Barth  and  Schreder,  Ber.  12,  417,  503).' 

(1544)   Isodulcitol. — Comp.Behrend,  i^er.  11,  1353. 
(1554)    Cuprlc  reducing  power  of  Carbohydrates.— ^oyM^i,  in  a  recent 
paper  {Jour.   pr.   C//em.[2]  21,  227-289),  entirely  condemns  the  gravimetric 
process  for  the  estimation  of  dextrose.    He  finds  that  the  amount  of  cupric  salt 
reduced  by  this  and  most  other  carbohydrates  is  largely  influenced  by  the  con- 
centration of  the  solution  and  by  the  presence  of  an  excess  of  the  cupric  salt.   Thus, 
•5  grm.  dextrose  in  a  i  per  cent,  solution  reduces  105-2  cc.  of  Fehling's  solution 
of  ordinary  strength,  but  only  10 ri  cc.   of  the  same  solution  diluted  with  4 
vols,  of  water ;  its  reducing  power  is  greater  in  presence  of  an  excess  of  the 
oxidizing  agent.      The  same  is  true  of  invert  sugar  and   lactose ;  the  reducing 
power  of  milk  sugar  is  not  altered  by  this  amount  of  dilution,  and  is  less  affected 
by  an  excess  of  cupric  salt ;  the  reducing  power  of  amylon,  on  the  other  hand,  is 
not  affected  by  the  employment  of  an  excess  of  Fehling's  solution  of  ordinary- 
strength,  but  diluting  the  solution  has  the  effect  of  increasing  it.     From  these 
results  Soxhlet  argues  that  it  is  not  legitimate  to  suppose  that  the  carbohydrates 
are  capable  of  reducing  cupric  salts  in  a  definite  molecular  ratio  (comp.  p.  581). 
The  facts  he  adduces,  however,  scarcely  warrant  so  sweeping  a  conclusion;  the 
products  of  oxidation,  whatever  their  nature,  may  be  expected  under  all  circum- 
stances to  exert  a  certain  amount  of  action  on  the  cupric  salt,  and  it  does  not 
appear  probable  that,  if  it  were  not  the  case,  the  approach  to  a  definite  molecular 
proportion  would  be  so  constant,  or  so  near,  as   it  actually  is.     The  reducing 
power  of  dextrose  being  taken  as  100,  that  of  the  other  carbohydrates  in  i  per 
cent   solutions  for  Fehling's  (f),  Knapp's  (k),  and  Sachsse's  (s)  solutions  (comp. 
pp.  582,  607)  is  given  in  the  first   three   columns   of  the  following  table,  the 
number  of  cc.  of  Knapp's  (k)  and  Sachsse's  (s)  solutions  which  are  reduced  by  i 
gram  of  each  in  a  i  per  cent,  solution  being  shown  in  columns  4  and  5  : 


f. 

k. 

s. 

K. 

s. 

Cane  sugar 

lOO'O       .. 

lOO'O 

lOO'O 



— 

Invert  sugar    . 

962     .. 

,.     990   .. 

.    124-5    • 

••        502-5        . 

..    376-0 

Lsevulose    . 

92-4    .. 

.        I02-2        .. 

.    148-6   .. 

..        508-5        ., 

•     449'5 

Milk  sugar 

70-3   •• 

.           649        .. 

,.     709   . 

..       322-5       .. 

..     214-5 

Inverted  do.    . 

96*2 

90-0       .. 

..    85-5  . 

..        448-8        ., 

..     258-0 

Lactose 

gy2     .. 

.          83-0        .. 

.    748  .. 

..       413-0       .. 

..     226-0 

Amylon      .      . 

610     .. 

.          63-8        .. 

650     .. 

.       317-5        •• 

•     197*6 

I  gram  of  dextrose  reduces  497-5  cc.  of  Knapp's  and  302-5  cc.  of  Sachsse's  sola- 
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tion.     These  solutions  contain  almost  the  same    amounts  of  mercury^  but  very 
different  amounts  of  alkali. 

(1559)  Lactose. — According  to  Soxhlet,  the  app.  sp.  rot.  power  in  a  10  per 
cent,  solution  ofa-lactose  is  [a]D  =  8i°*5,  which  ia  a  considerably  lower  value 
than  that  given  by  Fudakowski.  Soxhlet's  observations  lend  support  to  the 
conclusion  that  ordinary  dextrose  is  one  of  the  products  of  the  hydrolysis  of 
milk  sugar. 

(1564)  Cane  Sugar. — On  the  app.  sp.  rot.  power  of  cane  sugar  in  aqueous 
solutions,  see  Tollens  and  Schmitz,  Ber.  10,  1403,  1414.  On  the  sp.gr.  of 
cane  sugar  and  maltose  in  solution,  see  Brown  and  Heron,  C.  S.  Trans.  1879, 
602,  618.  Cane  sugar  is  slowly  inverted  by  digestion  with  malt  extract 
(Brown  and  Heron,  op.  cit.  p.  609). 

(1565)  Milk  Sugar. — Omit  the  fig.  2  before  0^2^22^11?  ^^"®  ^  ^'^^^^  bottom, 
p.  6li.  On  some  properties  of  milk  sugar,  see  Mills  and  Hogarth,  H.  Soe, 
J*roc.  28,  273.      On  its  cupric  reducing  power  comp,  J3er.  11,  2076. 

(1566)  Amylon  or  Maltose. — On  the  cupric  reducing  power  and  app.  sp. 
rot.  power  of  this  carbohydrate,  comp.  Soxhlet,  Brown  and  Heron,  and  O'Sullivan, 
C.  S.  Trans.  1879,  770.  Omit  the  fig.  2  before  Cj2H220^^,  line  8  from  top,  p. 
613.      Diastase  solution  is  without  action  on  amylon  (Brown  and  Heron). 

(1570)  Synthesis  of  Carhohydrates. — According  to  Demole  {Ber.  12, 
1935),  the  octacetate  obtained  by  the  action  of  acetic  anhydride  on  dextrose 
(comp.  p.  580)  yields  on  treatment  with  alkali  a  carbohydrate  of  the  formula 
^12-^22^11'  ^^'^'^'"o  ^^  '^^  properties  of  that  prepared  by  Gautier  from  dextrose. 
By  ai-ting  on  the  mixture  of  glucoses  from  millc  sugar  with  acetic  anhydride,  an 
octacetate  of  the  formula  ^^^^f^j^^^^fi^^  is  produced,  which  has  all  the  pro- 
perties of  that  prepared  directly  from  milk  sugar  (Demole).  On  the  acetates 
prepared  from  various  carbohydrates,  see  Franchimont,  Ber.  12,  1938;  Herz- 
feld,  Ber.  13,  265.  Peligot  states  (C.jR.  89,  918)  that  among  the  products 
of  the  action  of  calcic  hydrate  on  dextrose  is  a  crystalline  body  of  the  formula 
CjjHjjOjj,  which  is  destitute  of  cupric  reducing  power,  unfermentable,  unaltered 
by  cold  concentrated  sulphuric  acid,  and  but  little  attacked  by  nitric  acid  ;  in 
crystalline  form  and  many  of  its  properties,  this  body  closely  resembles  mycon 
(1568;  comp.  Berthelot,  C.B.  89,  965). 

(157 1)  Starch. — On  the  solubility  of  starch  in  water  and  on  the  properties 
of  starch  paste,  see  Brown  and  Heron,  C  S.  Trans.  1879,  596.  The  experi- 
ments of  O'Sullivan  on  the  action  of  malt  extract  on  starch  have  been  extended 
by  Brown  and  Heron,  who  have  arrived  at  somewhat  different  conclusions. 
Assigning  the  app.  sp.  rot.  power  [a]j  =  150°  to  amylon  (maltose)  and 
[a]j  =  2x6  to  amylin  (dextrin),  and  a  cupric  reducing  power  of  61  to  amylon — 
values  calculated  on  the  assumption  that  the  solid  matter  in  solution  has  the  sp. 
gr.  "0386 — they  also  conclude  that  the  results  obtained  are  compatible  with  the 
hypothesis  that  amylon  and  amylin  alone  are  produced.  They  find,  however, 
that  even  cold  malt  extract  acts  rapidly  on  cold  starch  paste,  the  relative  amounts 
of  amylon  and  amylin  (deduced  from  the  observation  of  the  cupric  reducing 
power  and  app.  sp.  rot.  power)  produced  under  these  circumstances,  or  at  tempe- 
ratures not  above  60°,  being  in  accordance  with  the  equation(CgHjjjOj^)2o  +  8  OH^ 

=  8Cj2H220j^  +  (CgH^^OJ^.  If  the  malt  extract  be  heated  to  66°,  a  smaller 
proportion  of  amylon  is  produced — viz.,  Z^\^2'Pu'\^6^\f^^u'^  if  the  extract  be 
heated  to  75°,  or  if  malt  extract  heated  to  66°  and  rendered  alkaline  with  sodic 
carbonate,  be  employed,  the  proportions  are  2Cj2H220^^ :  (CgH^^^Oj^g.  And  if 
malt  extract  heated  to  66°,  and  made  very  slightly  alkaline  with  sodic  hydrate, 
be  used,  the  proportions  are  0^2^22^11  '•  (^6^io^6)i8-  ^^^^  extract  has  no  action 
on  amylon,  but  on  digestion  with  dilute  sulphuric  acid  this  carbohydrate  is 
entirely  converted  into  ordinary  dextrose.     These  results  may  be  explained  on 
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the  assumption  that,  as  pointed  out  on  p.  656,  starch  has  a  very  high  molecular 
weight— viz.,  C.^^IL^J)^^^  =  {CJi^A\,,  and  that  under  the  influence  of  the  malt 
extract  it  undergoes  gradual  simplification,  C^^"  groups  being  split  off  and  form- 
ing araylon,  the  residue  in  each  case  constituting  an  "  amylin."  On  this  hypothesis 
the  "  amylins"  formed  at  different  stages  differ  in  molecular  weight ;  the  difference 
in  their  behaviour  with  iodine  lends  some  support  to  this  view,  but  on  the  other 
hand  they  all  appear  to  have  the  same  sp.  rot.  power,  and  to  be  otherwise  identical. 
O'Sullivan,  in  a  recent  paper  ( C. /S.  Trans.  1879,  770),  in  which  he  upholds 
and  extends  his  former  observations,  adduces  additional  facts  in  opposition  to  this 
view  that  the  different  "  amylins"  are  different  terms  in  a  series  of  polymerides. 
It  is  highly  probable  that  amylon  and  "  amylin"  are  not  the  only  products  of 
the  action  of  malt  extract  on  starch,  but  that  bodies  intermediate  in  character  are 
also  formed  (comp.  Herzfeld,  Ber.  12,  2120  ;  Soxhlet,  Jour.  pr.  Chem.  [2] 
21,  2707);  their  production  is  readily  accounted  for  on  the  above  hypothesis 
if  it  be  supposed  that  the  elements  of  water  are  added  on  to  the  starch  molecule, 
and  that  a  change  takes  place  somewhat  similar  to  that  involved  in  the  conver- 
sion of  ethylenic  oxide  into  glycol.  The  whole  question  of  the  constitution 
of  starch  and  its  transformations  is,  however,  one  of  extreme  difficulty,  and 
one  which  no  doubt  will  not  be  set  at  rest  without  much  further  experimental 
investigation. 

According  to  Musculus  and  Mering  {Bull.  Soe.  Chem.,  31,  105),  saliva 
and  pancreatic  fluid  also  convert  starch  into  amylin  and  amylon,  and  also  gradu- 
ally transform  the  latter  into  dextrose.  Brown  and  Heron  (private  commu- 
nication) have  verified  these  observations  for  pancreatic  juice,  which  they  find 
is  capable  of  slowly  converting  amylon  into  dextrose,  although  it  is  unable  to 
induce  the  inversion  of  cane  sugar.  The  small  intestine,  especially  that  portion 
where  the  so-called  Peyer's  glands  are  situate,  furnishes  a  secretion  which, 
although  very  slow  in  its  action  on  starch,  very  rapidly  converts  amylon  into 
dextrose,  and  also  inverts  cane  sugar. 

S2/nanthrose. —D\eck  and  Tollens  (Ann.  198,  228)  have  shown  that  the 
so-called  synanthrose  of  Popp,  or,  as  they  terra  it,  Isevulin,  has  the  empirical 
composition  CgHj^Oj  (comp.  p.  641). 

(1575)  Gli/coffen.— According  to  Musculus  and  Mering  (loc.  cit),  glycogen 
resembles  starch  in  yielding  dextrin  and  amylon  on  treatment  with  saliva  or 
malt  extract.  Bernard's  conclusions  with  regard  to  the  amount  of  "  glucose  " 
in  blood  (p.  644)  from  various  parts  of  the  body  are  disputed  by  Pavy  {R.  Soc. 
Proc.  26,  314,  346). 

(1589)  Mhers  of  the  C^S:,„^i.O.C^E.,„.,  series.^On  the  action  of 
sulphuric  acid  on,  see  Eltekoff,  Ber.  10,  1902.  Vinylethylether,  C^H^.O-CaH,, 
see  Wislicenus,  Ann.  192,  106.  This  ether  boils  at  35°-5  ;  on  decomposition 
with  dilute  sulphuric  acid,  it  yields  ethaldehyde  and  ethylic  alcohol. 

(1594)  Anethol.—On  the  synthesis  of  this  compound  and  of  isomeric  and 
homologous  ethers,  see  Perldn,  C.  S.J.  32,  668;   C.  S.  Trans.,  1878,  211. 

(1596)  Propylenic  Oxide.— The  oxide  obtained  from  the  chlorhydrm 
CH.Cl.CH^.CH^OH)    boils    at  50°  (Reboul,   Ann.     Chem.    Thys.    [5]  14, 

453). 

(1605)  Pyrorya/ZoZ  e^7^er-«ZeoAoZ5— Comp.  note  to  1699. 

(1606)  G^/wco^icZe^.—f^/yr^^^^r^mw,  according  to  Habermann  (^ww.l97, 
105),  is  the  acid  ammonic  salt  of  a  nitrogenous  acid,  glycyrrhizic  acid,  and 
has  the  formula  C,,H.,N0^3(NH,).  „  ,        , 

Selicin.-^h\^  glucoside  may  be  prepared  by  the  action  of  so-called  aceto- 
chlorhydrose  (p.  -580)  on  the  potassium  derivative  of  sahcylic  aldehyde, 
an  (OK).COH,  Michael,  C.B.  89,  355.  ,^^  . 

knalhin,   acording  to  Will  and    Laubenheimer    (Ann.    199,     150), 
9.  3   T 
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analogous  in  constitution  to  potassic  myronate  (p.  697),  being  resolved  by  the 
action  of  myosin  into  sinalbin  thiocyanate  CyH.O.  NCS,  glucose  and  sinapine 
sulphate,  C^,H,3N0^,H,S0,. 

(1634)  Amidoethylic  Acohol. — On  the  various  products  of  the  action  of 
hydrocyanic  acid  on  this  compound,  see  Erlenmeyer,  Ann.  200,  120 ;  comp. 
1775,  1780. 

(1647)  Heptaldehyde. — On  the  preparation  of  from  castor  oil,  see  KrafFt, 
Ber.  10,  2034. 

(1658)  Protocatechnic  Aldehyde. — An  isomeric  aldehyde  is  obtained  by 
the  combined  action  of  chloroform  and  alkali  on  resorcinol,  and  a  homologue 
from  orcinol  {Ber.  10,  2210  ;  12,  9991). 

{1661)  Homologues  of  Benzaldehyde.— On  the  iovv[i2ii\oxi  of  cumic  aldehyde 
from  cymene,  see  note  to  1302.  The  production  of  an  acid  of  much  higher 
melting  point  than  cumic  acid  by  oxidation  of  propylisopropylbenzene  appears  to 
afford  confirmation  of  the  conclusion  that  cumic  aldehyde  is  an  isopropyl  deriva- 
tive. Phenethaldehyde,  CgHg.CH^.COH,  is  produced,  together  with  a  compound 
of  the  empirical  formula  C3H3O,  on  heating  phenylglycol,,C,H,.CH(OH).CH,(OH), 
with  20  per  cent,  sulphuric- acid.  This  glycol  is  prepared  from  the  correspond- 
ing bromide  from  cinnamene  ;  on  oxidation,  it  yields  mandelic  acid  and  small 
quantities  of  benzoylcarbinol,  CJA^.CO.CKJfilA),  and  benzoylformic  acid, 
C,Hg.C0.C00H,  {Ber.  10,  1004,  i486;  11,  1399;  1^,  635). 

(1662)  Furfur aldeliyde. — On  the  constitution  of,  see  1927. 

(1660)  Phthaldehyde. — The    supposed   aldehyde   from    phthalic  chloride 

appears  from  recent  researches  of  Heppert  to  have  the  formula  CgH^  j  ^^  ^  [  0  ; 

the  acid  formed  from  it  by  the  action  of  alkalis  has  the  corresponding  formula 
CgH^(CH2.0H).C00H.  Phthalid,  as  this  substance  is  more  appropriately  termed, 
does  not  combine  with  acid  sulphites.  Phthalic  chloride  probably  corresponds 
in  constitution  to  phthalid  {Ber.  11,  237). 

(1671)  Formation  of  Ketones. — According  to  Gustavson  {Ber.  11, 
21  51),  aluminic  chloride  unites  with  benzene,  toluene,  &c.,  forming  compounds 
such  as  6CgHg;Al„Clg,  and  these  apparently  play  an  important  part  in  the  re- 
actions realized  by  Friedel  and  Crafts  (p.  772). 

(1672)  Action  of  Nitric  Acid  on  Ketones. — The  supposed  nitro-derivatives  of 
acids  of  the  acetic  series  formed  on  treatment  of  ketones  of  the  CO{C^^.^+^., 
series  with  nitric  acid  are  apparently  "  dinitro-paraffins,"  Thus  the  supposed 
nitropropionic  acid  from  dipropylketone  (p.  776)  is  probably  identical  with  tl  e 
"  dinitropropane  "  of  ter  Meer  (Chancel,  C.E.  86,  1405).  On  nitroso-deiiva- 
tive  of  ketones,  see  p.  915. 

(1678)  Ketones  of  the  {0^11^,^+^).,  CO  series. — On  the  ketones  of  the  form 
C Hg. CO. CqH^h+j  containing  13,  15,  17  and  19  carbon  atoms,  see  Krafft,  i^er. 
12, 1664. 

(1687)  Camphor. — Comp.  pp.  976,  979. 

(1689)  Quinhydrone. — The  formula  C^^^^qO^  for  this  substance  has  been 
confirmed  by  Nietzki,  Ber.  12,  1779.  Resorcinol  also  combines  with  quinone, 
forming  an  isomeride  of  quinhydrone. 

(1690)  Phenog^uinone. — The  formula  of  this  compound,  according  to 
Nietzki,  is  C^gH^^O^  and  not  C^gHj^O^ ;  i.e.,  it  contains  the  elements  of  i  mol. 
of  quinone  and  2  mols.  of  phenol. 

(1699)  Cedriret. — The  substance  in  beech-tar  from  which  cedrirtt  is 
derived,  according  to  Hofmann,  has  the  formula  C^}l^fi^  =  C^}lJ^0C}i^^01L 
Beech  tar  also  contains  a  methylpyrogalloldiraethylin  and  the  compound 
Cj  HjgOj  referred  to  on  p.  800  is  apparently  a  propylpyrogalloldimethylin, 
C3H.  C,HX0CH3)^.0H.  The  diethylin  CgH3(0C.,H^).^.0H  yields  an  ethyl- 
cedri'ret  on  oxidation  {Ber.  11,  329,  798,  1455  ;  12,   137 1,   2216). 
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(1705)  Isomerides  of  Alizarin.— LhiQ  17  from  bottom  p.  804,  substitute 
2  -  3'  for  (?)  2'  —  3  or  2'  —  2, 

Chrysazin  may  readily  be  prepared  from  anthracene-a-disulphonic  acid,  either 
by  converting  this  into  the  corresponding  dihydroxyanthracene  which  is  then 
oxidized,  or  by  oxidizing  the  sulpho-acid  and  then  fusing  the  resulting  anthra- 
quinonedisulphonic  acid  with  potassic  hydrate  (Liebermann  and  Boeck,  Ber, 
11,1613;  12,   182,  1287). 

AnthraJlavone,2iCcov6\\\^  to  the  later  researches  of  Schunck  and  Iioemer(5er. 
11,  969),  is  a  mixture  of  three  isomerides,  the  product  from  100  pts.  metahy- 
droxybenzpic  acid  consisting  of  30  pts.  anthraflavic  acid,  4  —  ^5  pts.  metabenzbioxy- 
anthraquinone  and  2  pts.  anthrarufiu.  The  second  of  these,  already  partially 
described,  does  not  yield  colours  with  mordants ;  on  fusion  with  potassic  hydrate 
it  yields  isopurpurin,  being  much  more  readily  acted  upon  than  anthra-  or 
iso-anthraflavic  acid.  The  acetyl  derivative  melts  at  199°.  Anthrarufin  may  be 
much  more  readily  obtained  from  anthracene-/3-disulphonic  acid  in  the  same 
way  that  chrysazin  is  formed  from  the  a-oxiidi  {Ber.  11,  11 76,  1613  ;  12, 
182,  1287).  It  crystallizes  in  yellow  prisms,  melting  at  280°;  it  does  not  yield 
colours  with  mordants;  on  treatment  with  nitric  acid  it  forms  a  tetra-nitro- 
derivative ;  its  acetyl  derivative  melts  at  245°.  It  is  converted  into  the 
same  trihydroxyanthraquinone  as  chrysazin  when  fused  with  potassic  hydrate ; 
and  like  chrysazin,  if  heated  with  potassic  hydrate  at  a  temperature  somewhat 
below  that  at  which  the  trihydroxy-compound  is  formed,  it  furnishes  a  mixture 
of  salicylic  and  methydroxybenzoic  acid. 

Line  16  from  top,  p.  809,  the  reference  should  be,  Seuberlich.  Ber.  10,  38. 

(17 10)  Constitution  of  Anthraquinone  Derivatives. — Three  dihydroxy- 
anthraqui nones  may  theoretically  be  derived  from  metahydroxybenzoic  acid,  and 
not  two  as  stated  on  p.  810,  where  one  of  the  figures  (the  first)  is  incorrectly 
printed,  they  are  represented  by  the  following  symbols ; — 

OH  OH 

.C0_/^\  Hor      Vco— ^  \ 


-CO- 


V 


OH  iv      j-CO-l 


The  formation  of  salicylic  and  metahydroxybenzoic  acid  on  fusing  anthrarufin  with 
potassic  hydrate  can  only  be  explained  on  the  assumption  that  anthrarufin  is 
represented  by  the  first  of  these  figs.  (Liebermann  and  Dehnst,  Ber.  12, 
1293).  From  the  fact  that  anthraflavic  acid  is  the  chief  product,  and  on 
account  of  its  formation  from  anthraquinone,  it  can  hardly  be  doubted  that  its 
constitution  is  represented  by  the  second  fig.,  and  the  third  therefore  must  be  re- 
garded as  representative  of  metabenzbioxyanthraquinone.  Isoanthraflavic  acid 
not  improbably  has  the  constitution  indicated  by  fig.  i,  p.  810 ;  and  chrysazin 
either  corresponds  to  fig.  3,  p.  810,  or  contains  the  hydroxyl  groups  m  the 
positions  3'—!,  since  it  yields  the  same  acids  as  anthrarufin  on  fusion  with 
potassic  hydrate. 

(17 11)   Phenanthraquinone.—See  Japp,  Chem.  News,  41,  170. 

(1 7 1 5)    Constitution  o/Qt^mo/zA^.— Comp.  Japp,  C  S.  Trans.  1880,  86. 

(1723)  Formic  Acid.— Sod&-l\me  rapidly  absorbs  carbonic  oxide  at  a  tempe- 
rature of  200°— 220°,  forming  sodic  formate  (Merz  a.  Tibiri9a,  Ber.  13,  23  ; 
Geuther,  Ber.  13,  3237. 

(1729)  Biam,ylene. — Comp.  ft.  note  with  note  to  1232. 

(1732)  Sigker  Eomologuesof  Acetic  Acid.— It  has  long  been  remarkable 
that  scarcely  any  of  the  higher  terms  containing  an  uneven  number  of  carbon  atoms 
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were  known  ;  tlie  blank  has  recently  been  filled  up  by  the  preparation  of  the  acids 
containing  ii,  13,  and  15  carbon  atoms  by  oxidation  ol"  the  ketones  referred 
to  in  the  note  to  1678  (Krafil,  Ber. 12,  1664).  These  acids  melt  respectively 
at  28°'5,  4o'''5  and  51°;  and  boil  under  a  pressure  of  about  100  mm.  at  2I2°*5, 
2;^6°  and  257°.     Margaric  acid  boils  under  this  pressure  at  277°. 

(1744)  Ethereal  Salts. — The  phenomena  attending  the  formation  of 
ethereal  salts  have  been  further  studied  by  Menscbutkin,  who  has  extended  his 
o1)servations  to  many  other  alcohols  and  acids  besides  those  mentioned  in  this 
section  (comp.  Ann.  195,  334  ;  197,   193;  Ber.  12;  66j,  2168;  13,  162). 

(1840)  Malonic  acid. — The  ethylic  salt  of  this  acid,  like  ethylic  aceto- 
acetate,  readily  exchanges  one  of  its  atoms  of  hydrogen  for  sodium  when  sub- 
mitted to  the  action  either  of  sodium  or  of  sodic  ethylate.  The  resulting  mono-  * 
sodium  derivative  is  acted  upon  by  haloid  compounds,  such  as  the  moniodo- 
paraffins,  furnishing  derivatives  of  the  form  CHX(COOC2Hg)2,  which  also  are 
ciipable  of  exchanging  an  atom  of  hydrogen  for  sodium  ;  and  the  sodium  deri- 
vative thus  produced  may  then  be  converted  into  compounds  of  the  form 
CXy(COOC2H5)2  ^y  treatment  with  haloid  compounds.  The  ethereal  salts 
formed  in  this  manner  mostly  yield  corresponding  acids  on  saponification ;  these 
acids  decompose  when  heated,  evolving  carbonic  anhydride,  derivatives  of  acetic 
acid  of  the  forms  CH.X.COOHand  CHXY.COOH  being  produced. 

Ethylic  malonate  is  readily  acted  upon  by  chlorine,  and  converted  into  the 
chlorinated  derivative  CHCl(COOC2Hg)2 ;  this  is  converted  into  potassic 
tai-tronate,  CH(0H)(C00K)2,  on  treatment  with  potassic  hydrate.  The  deri- 
vatives of  ethylic  malonate  of  the  form  CHX(COOC2Hg)2  behave  similarly. 
Ethylic  chloromalonate  and  ethylic  sodiummalonate  react  to  form  the  compound 
(COOC2H5)2CH.CH(COOC2Hg)2.  Lastly,  ethylic  sodiummalonate  and  the 
sodium  derivatives  of  the  malonates  of  the  form  CHX(COOC2Hg)2  ^i^e  converted 
by  nitrous  acid  into  corresponding  nitroso-compounds,  so  that  the  analogy  between 
ethylic  malonate  and  acetoacetate  is  complete  (Conrad;  Conrad  and  Bischoff, 
Ber.  12,  249,1236;  13,  595). 

(1864)  Malic  acid. — Although  a  weak  solution  of  ordinary  malic  acid  is 
Isevorotatory,  a  concentrated  solution  is  dextrorotatory,  the  variation  in  rotatory 
power  being  expressed  by  the  equation  : 

[0^=5-891— •089592', 

where  q  is  the  weight  of  water  in  100  parts  of  solution,  5 "891  being  the  specific 
rot.  power  of  the  anhydrous  acid.  Sodium  malate  exhibits  a  similar  behaviour, 
its  rotatory  power  being  expressed  by  the  equation 

[a]D=i5'202 — -3322  + '0008184/  (Schneider,  Ber.  13,  620). 
In  this  respect,  malic  acid  manifests  considerable  analogy  with  dextrotartaric 
acid,  very  concentrated  alcoholic  solutions  of  which,  according  to  Arndtsen,  are 
Isevorotatory.  These  facts  meet  with  an  explanation  on  the  assumption  that 
the  acid  forms  a  compound  with  the  solvent,  and  that  the  acid  and  its  compound 
with  the  solvent  are  bodies  of  opposite  rotatory  power. 

(1876)  DiatereMc  acid. — This  acid  and  terebic  acid  would  appear  to  have 
the  following  formulae  (Bredt,  Ber.  13,  748). 

(CH3)^C(OH).CH2.CH(COOH),    (CH^X.C.CH^.CH.COOH 

O CO 

(1883)  Desoxalic  acid. — The  formula  of  this  acid  as  printed  is  incorrect; 
it  should  be  C,H  O,. 

a       fi      8 
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'Absinthol,  467 
Absolute  alcohol,  426 
Acenaphthene,  357 

,,  brom-,  358 

,,  hexabroinide,  358 

Aceuaphthalene,  365 
Acetal,  680 
•,,       dichlor-,  681 
„      monobrom-,  68  £ 
„       monochlor-,  68 1 
,,       trichlor-,  681 
Acetenylbenzene,  343 
Acetates,  826 
Acetic  bromide,  852 
„      chloride  (acetylic  chloride),  852 
,,  ,,        action  of,  86 

,,      cyanide,  8^3 
,,      disulphide,  856 
,,      iodide,  852 
,,      peroxide,  856 
Acetone,  778 

,,       action  of  hydrocyanic  acid  on,  779 
,,       chloiobromo-,  782 
,,       dichlor-,  781 
„  „      chloride,  159 

,,      diiodo-,  783 
,,       hexabrom-,  783 
„       hexachlor-,  782 
„       homologues  of,  783 
„       monochlor-,  205,  781 
,,       nitroso-,  915 
,,       pentabrom-,  782 
,,       pentachlor-,  782 
,,       tetrachlor-,  782 
AcetoDitrile,  dibromonitro-,  177 
,,  diiodonitro-,  177 

„  dinitro-,  177 

„  trinitro-,  177 

Acetonylurea,  780 
Acetophenone,  785 
Acetyl,  bromide,  852 
„       chloride,  852 
„       cyanide,  853 
„       iodide,  852 
Acetylene,  209,  1002^ 
,,        chlor-,  965 
„        dibromide,  213 
,,        dichloride,  212 
,,        diphenyl-  (tolaue),  381 
,,         dipota&sium-,  214 
„         disodium-,  214 
,,        ditolyl-,  382 
„        ethylpheuyl-,  369. 


Acetylene,  homologues  of,  2 1 5 

ft  „  constitutioa  of, 

216 
„        metallic    derivatives   of,    214, 

£0O2 

„         phenyl-,  343 

,,        series,  table  of  hydrocarbons  of. 
208 

„        sodium-,  214 

,,        tetrabromide,  212 
Acetylenenaphthalene,  365 
Acid,  abietie,  239 
,,     aceconitic,  980 
„    acetic,  824 

„         „     higher  homologues  of,  836,1012 
,,     acetoacetic,  906 
,,     acetofurmic  or  pyruvic,  904 
,,    ace  tonic,  S95 

„  /3-acetopropionic  (lasvulinic),  917 
,,     acetorthocoumaric,  762 
„     acetylene-dicarboxylic,  983 
„     aconic,  973 
,,     aconitic,  979 

,,  acryHc,  955 
„         „       brom-,  965 
„        „       chlor-,  965 

,,  adipic,  932,  977  note 
„        „       dibrom-,  935 
„         „       monobrom-,  935 

„  aescinic,  688 

„  aesculic,  702 

„  aliylacfctic,  961 

„  amides,  59 

„  amidoacetic  (glyeocine),  866 
,,         „       camphoric,  977 
,,        „       formic,  or  carbamic,  979 
,,        „       hydroxyacetic,  901 
„         „       malouic,  935 
„         „       propionic  (alanine)  738 
„         „       pyromeconic,  999 

„  amygdalic,  688 

„  anchoic  (lepargylie),  933 

„  angelic,  959 

,,  anhydrides,  60 

„  „  of  the  acetio  series,  853 

,,  anthraflavic,  804 
„  „  diacetyl-,  804       . 

„  „  tetrabromo-,  804 

,,  anthraquinoufr-carboxylic,  382 

„  aposorbic,  949 

,,  arachidic,  839 

„  aspartic,  or  asparaginic,  936 

,,  azelaic,  or  anchoic,  ^3 
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Acid,  behenic,  839 

„  behenolic,  982 

„  benzamidacetic,  or  hippnric,  867 

„  benzilic,  or  diphenylglycolic,  787 

,,  benzoleic,  or  hydrobenzoic,  982 

,,  benzylselenious,  714 

„  brassic,  964 

„  brassylic,  934 

,,  bromacrylic,  965 

„  broiiianilic,  797 

,,  bromides,  59 

,,  bromitaeonic,  972 

,,  bromocitraconic,  972 

„  bromocrotonic,  967 

„  bromofumaric,  971 

,,  bromomaleic,  971 

„  bromomethracrylic,  966 

,,  bromonaphthalic,  358 

,,  bromopyromeconic,  999 

„  butylolactic,  895 

„  butyric,  normal,  829 

,,  ,,       secondary,  830 

,,  caincic,  690 

,,  camphic,  977 

,,  campholic,  977 

,,  camphoric,  974 

,,  „         constitution  of,  979 

,,  camphoronic,  977 

,,  capric,  837 

,,  caproic,  or  hexylic  isoprimary,  834 

„  „                 „        normal,  8*34 

„  „                  „        secondary,  834 

„  „                 „        tertiary,  834 

„  „                 ,,       from     pyroterebic 

acid,  293 

„  caprylic,  or  octylic,  iso-secondary,  835 

„  „                „          normal,  835 

,,  carbacetoxylic,  906 

„  carbamic,  879 

„  carbonic,  876 

„  carbolic  (phenol),  475 

,,  carbuvic,  928 

„  carminic,  690 

„  cerotic,  144,  839 

„  chluracrylic,  965 

„  chloranilic,  796 

„  chlorides,  59 

,,  „          action  of,  86 

„  chloritaconic,  972 

,,  chloritamalic,  970 

„  chlorocitraconic,  972 

„  chlorocitrarualic,  970 

„  chlorocrotonic,  966 

„  chloromethacrylic,  966 

,,  chloromuconic,  951 

„  chlorotoluic,  319 

,,  chrysophanic,  808 

„  cimicic,  962 

„  cinnamenylacrylic,  768 

„  citraconic,  969 

„  ,,        bromo-,  972 

„  „        chloro-,  972 

„  citramalic,  949 

„  citratartaric,  949 

,,  citric,.  952 


Acid,  comenic,  998 

,,  convolvulic,  692 

,,  crotaconic,  971 

,,  crotonic  or  ^-methacrylic,  957 
„         „        bromo-,  977 
,,         „        chloro-,  966 

„  cuproycanic,  99 

„  cyanacetic,  861 

,,  cyanic,  116 

„         „         constitution  of,  122 

,,  cyanilie,  123 

„  cyanuric,  121 
,,  „         constitution  of,  122 

„  damaluric,  962 

„  decylic,  or  capric,  837 

,,  dehydracetic,  916 

,,  dehydrodihydroxybutyric,  906 

„  dehydroglycolic,  883 

„  dehydrolactic,  890 

„  dehydromucic,  997 

,,  dehydrosarcolactic,  892 

,,  desoxalic,  953,  1012 

„  dextrocamphoric,  975 

„  dextronic,  585,  625,  903 

,,  dextrotartaric,  941 

,,  diallylacetic,  981 

,,  diaterebic,  950,  1012 

,,  diaterpenylic,  950 

„  dibeuzyldiparasulphonic,  362 

„  dibromacetic,  860 

„  dibromacrylic,  966 

,,  dibromhydrosorbic,  981 

„  dibromobutyric,  864 

,,  dibroniochlorobutyric,  864 

,,  dibromomaleic,  995 

„  dibromopropionic,  466,  863 

„  dichloracetic,  551,  859 

,,  dichloracrylic,  965 

,,  dichloropropionic,  862 

„  dichloroxy butyric,  781 

„  diconic,  980 

„  dicyanic,  121 

,,  diethacetic,  or  secondary  hexylic,  834 

„  diethhydroxyacetic,    or      diethoxalic, 

897 

,,  dietbhydroxybutyric,  898 

„  diethoxalic,  897 

„  diethylmalonic,  933 

„  digitalic,  694 

„  diglycolamidic,  867 

,,  diglycolethylenic,  513 

„  digly colic,  513,  883 

,,  dihydracrylic,  885 

„  dihydroxyacetic,  or  glyoxylic  899 

„  dihydroxymalonic,  or  mesox&lic,  938 

„  dihydroxypropionio,  or  glyceric,  902 

„  dihydroxysuccinic,  or  tartaric,  941 

„  diiodacetic,  861 

„  diisoamylhydroxyacetic,  898 

,,  diisopropylhydroxyacetic,  898 

,,  dilactic,  890,  note 

,,  dimethacetic,  or  isobutyric,  830 

„  dimethacrylic,  958 

,,  dimethbromacetic,  864 

, ,  dimethethacetic  (ter  tiar j  hexylic),  8  34 
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Acid,  dimetbethoxyacetic,  896 

„  dimethhydroxyacetic,  895 

,,  dimethiodacetic,  864 

,,  dimethoxalic,  895 

„  dimethylmalonic,  931 

,,  tt-dimetliylsuccinic,  932 

,,  dimethyltartaric,  950 

,,  dinitroheptylic,  978 

,^  dinitroxy succinic,  945 

„  diphenylcarboxylic,  361 

,,  diphenyleneglycolic,  81 1 

„  diphenylglycolic  or  benzilic,  787 

,,  ditartaric,  943 

„  doeglic,  964 

„  elaidic,  963 

,,  erucic,  964 

,,  erythritic,  554 

,,  ethacetic,  or  butyric,  829 

„  etbane-/3-dicarboxylic,    or   isosuccinic, 

930 

,,  ethylenecarboxylic,  or  acrylic,  955 

,,  ethylenelactic,  or  bydracrylic,  884 

,,  ethylcrotonic,  961 

„  ethylbydroxybutyrie,  897 

,,  etbylidenelactic,  887 

,,  etbylic  or  acetic,  824 

,,  ethylmalonic,  931 

,,  etbylnitrolic,  167,  168 

,,  ethylsuccinic,  932 

,,  etbylsulpbonic,  708 

,,  formic,  821,  loii 

„  frangulic,  694,  805 

,,  fulminuric  (isocyanuric),  125,  177 

,,  fumai'ic,  967 
,,  ,,        bromo-,  971 

,,  furfuracrylic,  767,  996 

,,  furfurangelic,  996 

,,  furfuropropionic,  996 

,,  furonic,  996 

,,  gluconic,  582,  903 

,,  glucovanillic,  692 

„  glutaminic,  937 

,,  glutanic,  949 

,,  glutaric,  930 

,,  glyceric,  or  dihydroxypropionic,  902 

„  glycinecarboxylic,  935 

„  glycolic,  511,  585,  882 

„  glycyrrhizic,  1009 

,,  glyoxylic,  899 

„  halides,  853 

,,  beptylic,  or  cenanthylic,  834 

,,  heapertic,  696 

,,  hesperisic,  238 

,,  hexylbydroxyacetic,  898 

,,  hexylic  or  caproic  isoprimary,  834 
„         „  „  normal,  834 

„         „  „  secondary,  834 

„        „  „  tertiary,  834 

,,  hippuric,  or  benzamidacetic,  867 

,,  bomovanillic,  685 

„  hyaenic,  839 

,,  bydracylie,  884 

„  hydriodic,  action  of,  82 

,,  hydroauricyanic,  102 

„  hydrobenzoic,  982 


Acidjhydrobenzyluric,  982 

„  hydrobromic,  action  of,  82 

„  hydrochloric,  action  of,  82 

, ,  hydrocobalticyanic,  1 1 2 

,,  hydrocyanic,  90,  1000 
)>  ))  conversion    into    formic 

acid,  93 
n  „  detection  of,  94 

,,  ),  estimation  of,  95 

,,  hydroferricyanic,  107 

,,  hydroferrocyanic,  104 

,,  hydrofuronic,  996 

,,  hydromeconie,  998 

,,  hydromu conic,  973 

,,  hydronitroprussic,  in 

,,  hydro-osmiocyanic,  1 1 3 

,,  hydro-oxycamphoronic,  978 

,,  hydroplatinibromocyanic,  1 14 

,,  hydroplatinocyanic,  114 

,,  hydrosorbic,  96] 

,,  hydroxyacetic  or  glycolic,  882 

,,  hydroxyacetoformic,  906 

,,  hydroxy  butyric,  895 

,,  hydroxycitraconic,  972 

,,  hydroxy  citric,  953,  972 

,,  hydroxyformic,  or  carbonic,  876 

,,  hydroxyfumaric,  972 

„  hydroxyisobutyric,  576,895 

,,  hydroxyisosuccinic,  or  isomaJic,  Q4I 

,,  hydroxy itaconic,  972 

,,  hydroxymaleic,  972 

,,  hydroxymalonic  or  tartronic,    38 

,,  hydroxyparaconic,  973 

,,  hydroxypentylic,  896 

,,  a-hydroxypropionic,    or    bydracrylic 

884 

,,  ^-hydroxypropionic,    or    ethylidene- 
a  !tic,  887 
,,  inactive     (lactic), 

887 

,,  bydroxysuccinic  or  malic,  939 

„  hydroxy  valeric,  896 

,,  hypogseic,  962 

„  imides,  59 

,,  imidocaprylic,  8 1 1 

„  iodides^  59 

,,  iodobutyric,  864 

„  ipomaeic  (sebacic),  693,  934 

„  isoamyl,  897 

,,  isoamylbydroxyacetic,  897 

,,  isobutyric,  830 

,,  isocrotonic,  957   . 

,,  isocyanuric  (fulminuric),  125^ 

,,  isomalic,  or  hydroxyisosuccinic,  94 1 

,,  isophloretic,  699 

„  isopropacetic  (isoprimary  valeric),  447 

831 

,,  isoprophydroxyacetic,  896 

,,  isopropylacrylic  or  pyroterebic,  950, 

961 

,,  isopyromucic,  996 

„  isosuccinic,  or  methylmalonic,  930 
,,  ,,  monobromo-,  935 

„  isotrichloroglyceric,  903 

,,  itachloropyrotartaric,  935 
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ACI 


AcidjitacoQic,  969 
itamalic,  949 
itatartaric,  949 
jalapic,  697 
a-jalapic,  697 
jalapiuolic,  697 
lactic,  581,  736,  887 

„      etheric  acids  derived  from,  889 
laevocamphoric,  975 
laevo tartaric,  943 
Isevulinic,  603,  917 
lauric,  838 

lepargylic  or  anchoic,  933 
leucic,  896 


linoleic,  962 
inaleic,  968 
„      bromo-, 
,,      chloro-, 


971 

972 


malic  or  hydroxysucciuic,  939,  1012 
malonic,  925,  1012 

,,        di  bromo-,  934 
mandelic,  688,  757 
maauitic,  558,  903 
margaric,  838 
meconic,  998 
melissic,  840 

mesachloropyrotartaric,  935 
mesaconic,  969 
mesocamphoric,  975 
mesoxalic  or  dihydroxymalouic,  938 
mesotartaric,  948 
metacetonic  (propionic),  828 
metatartaric,  943 

methauedicarboxylic  or  malonic,  925 
metliacetic  (propionic),  828 
mei  hacetylenecarboxylicor  tetrolic,98o 
methacrylic,  958 

,,  bromo-,  966 

,,  chloro-,  966 

methethacetic  (secondary  valeric),  447, 

methethhydroxyacetic,  896 
methethhydroxybutyric,  898 
metbethoxalic,  896 
methhexacetic  (nonylic),  836 
methbydroxyphthalic,  675 
methydroxyacetic,  or  ethylidenelactic, 

887 
methbydroxybutyric,  896 
methylcrotonic,  or  tiglic,  958 
metbylethacrylic,  961 
methylic  (formic^,  821 
methylmalonic,  or  isosuccinic,  930 
methylpropane-a-dicarboxylic,  932 
methylsuccinic,  or  pyrotartaric,  931 
mouiodacetic,  861 
moniodopropionic,  861 
monobromacetic,  860 
a-mouobromopropionic,  861 
/3-monobromoi)ropionic,  862 
monochloracetic,  859 
monochlorobutyric,  863 
a-monochloropropiouic,  861 
/3-monochloropropionic,  861 
mononitroheptylic,  978 


Acid,  moringic,  962 

,,  mucic,  587,  61  r,  951 

,,  mucobromic,  995 

,,  mucochloric,  995 

,,  muconic,  973 

,,  muriatic,  238 

,,  myronic,   697 

„  naphthalic,  358 

,,  nitric,  action  of,  82 

,,  nitrococcusic,  690 

,,  nitropyromecouic,  999 

,,  j3-nitrosopropionic,  915 

„  nitrous,  action  of,  82 

,,  /3-nitroxy propionic,  889 

,,  nonylic,  or  pelargonic,  normal,  836 

„  „  „  isoprimary,  836 

,,  octylic,  or  caprylic,  normal,  835 

,,  „  „        isosecondary,  835 

,,  cenanthylic,  or  Leptylic,  834 

,,  oleic,  962 

,,  orsellinic,  528 

„  orthocarbonic,  877 

„  orthobenzoylbeuzoic,  386 

,,  orthoformic,  823 

,,  oxalic,  920 

,,  oxyacetic,  or  glycolic,  882 

,,  oxybutyric,  or  hydroxy  butyric,  895 

,,  oxycauiphoronic,  978 

,,  oxisobutyric,     or    hydroxyisobutyric, 
516,  895 

,,  oxypicric  (trinitroreaorciuol),  523 

,,  oxypyrumecazonic,  999 

,,  oxytetric,  981 

,,  oxy  valeric,  516 

,,  palmitic,  838 

,,  palmitolic,  981 

,,  paiabenzoyibenzoic,  385 

„  paracamphoric,  975 

„  paraconic,  973 

,,  paradipimalic,  885 

„  paraffinic,  144 

„  paralactic,  S91 

„  paramethcxyphenylacrylic,  764 

.    „  paraphenyl  benzoic,  385 

,,  pelargonic,  or  nonylic,  normal,  836 

,,  ,j  ,,  isoprimary,  836 

„  peutane-a-dicarboxylic,  933 

,,  pentic,  981 

,,  peniylic  (valeric),  830 

,,  phoronic,  978 

,,  persulphocj^anic,  120 

,,  phenoldisulphonic,  479 

,,  phenolmetasulphonic,  479 

,,  pheuolorthosulphonic,  478 

,,  phenolparasulphonic,  478 

„  phenolpropionic,  493 

,,  pbenoltrisulphonic,  479 

„  phloretic,  699. 

„  picramic  (amidodinitrophenol),  478 

,,  picric  (triuitrophenol),  476 

„  pimelic,  932,  933 

,,  pivalic,  783 

„  propacetic  (normal  valeric),  830 

„  propane-a-dicarboxylic,     or    glutaric, 
930 
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Acid.propanetricarboxylic,  or  tricarballylic 
952 
propionic,  828 

propylacrylic  (hydrosorbic),  961 
propylnitrolic,  i68 
prussic  (bydrocyanic),  go 
pyromeconic,  999 
pyromucic,  766,  993 

,,  tetrabromide,  994 

/3-pyromucic,  767,  996 
pjroracemic,  or  pyruvic,  904 
pyrotax-taric,  931 

,,  itacbloro-,  935 

,,  mesachloro-,  935 

pyroterebic,  950,  961 
pyruvic,  or  pyroracemic,  904 
quartenylic,  or  isocrotonic,  957 
quiuovatanuic,  699 
quinovic,  699 
racemic,  946 
ratanhia-tannic,   700 
ricinoleic,   917 
rocellic,  934 
rosolic,  763 
ruberytbric,  802,  note 
rul)iacic,  802,  note 
rufi  gallic,  807 
rutic,  or  capric,  837 
saccharic,  950 
salicylic,  930 

salicylous  (salicylic  aldehyde),  760 
sarculactic,  891 

„         optical  activity  of,  892 
scammonic,  697 
S<jheele's  (hydrocyanic),  93 
sebacic,  orsebic,  934 
sorbic,  981 
stearic,  839 
stearolic,  082 
stearoxylic,  982 

styphnic  (trinitroresorcinol),  523 
suberic,  933 
succinic,  925 

„         dibromo-,  934 

„         monobromo-,  934 

,,         tribromo-,  934 
sulphocamphoric,  975 
sulphocarbonic,  or  tbiocarbonic,  880 
sulphocyanic,  120 
tampicic,  703 
tampicolic,  703 
tannic  (tannin),  703 
tartaric,  941 
tartrelic,  943 
tartronic,  938 
teracrylic,  962 
terebic,  238,  950 
terpenylic,  238,  950 
tetrahydrobenzoic,  or  benzoleic,  982 
tetrahydroxytetranedicarboxylic   (sac- 
charic), 950 
tetramethylsuccinic,  933 
tetraneglycinecarboxylic  (glutaminic), 

937 
tetric,  981 


Acid,  tetrolic,  980 

„     tetrylacetic,  or  caproic  isoprimary,  834 

»  >>  „  normal,  833 

„     tetryhc  (butyric),  829 

,,    thiacetic,  85 1 

,,     tbiocarbonic,  880 

,,     thiodiglycolic,  884 

,,     thioglycolic,  884 

„     thujetic,  703 

„     tiglic,  958 

,,     tribromacetic,  860 

,,     tribromolactic,  893 

,,     tricarballylic,  952 

,,  trichloracetic,  513,  859 

,,  trichloracetonic,  782 

,,     trichlorhydroxy valeric,  896 

,,  trichlorobutyric,  516,  864 

,,  trichlorolactic,  744,  893 

,,  trigenic,  736 

„     triglycolamidic,  867 

,,     trihydrocyanic,  94 

„  trihydroxy butyric,  903 

,,     trimethacetic  (tertiary  valeric),  447, 
.  .783,832 

„  trinitrocresotic,  690 

,,  tarpethic,  704 

,,     turpetholic,  704 

,,     urochloralic,  514 

,,     valeric,  isoprimary,  831 

„         „        primary,  830 

,,         ,,        secondary,  831 

„         „        tertiary,  832 

„  vanillic,  684,  685 

,,  veratric,  682 

,,  xauthic,  880 

,,  xeronic,  974 
Acidhydrols,  823 
Acids,  acetic,  series  of,  820 
„         „         ,,       haloid  derivatives  of,  85  7 
„         „         „       hydroxyl  derivatives  of, 

871 

,,  acrylic,  series  of,  953 

,,  amido-,  864 

,,  bromacetic,  860 

,,  camphoric,  974 

,,  caproic,  833 

,,  carbo-,  56 

„  carboxylic,  56 

„  chloracetic,  858 

„  definition  of,  8j6 

„  ethanedicarboxylic,  925 

,,  etheric,  derived  from  lactic  acid,  889 

„  general  properties  of,  818 

„  glycolic,  or  lactic  series  of,  873 

„  haloid  derivatives  of,  60 

,,  hexanedicarboxylic,  933 

,,  hexylic,  or  caproic,  833 

„  hydroxyadipic,  949 

,,  hydroxy  butyric,  894 

,.  hydroxycapruic,  896 

,,  hydroxydodecylic,  898 

,,  hydroxyheptylic,  897 

,,  hydroxyoctylic,  898 

,,  hydroxypropane-a-dicarboxylic,  949 

,,  hydroxypyrotartaric,  949 
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Acids,hydroxyvaleric,  896 
,,     iodacetic,  861 
,,     ketonic,  904 
,,     lactic,  8S4 
,,     maleic,  series  of,  967 
,,     malic  (isomeric),  941 
,,     modes  of  formation,  817 
,,     nitrolic,  167 
,,     organic,  56 
,,     pentanecarboxylic,  9  32 
,,     phosphonic,  57 
,,     propanedicarboxylic,  930 
,,     pyrocitric,  969 
,,     succinic  series  of,  918 
,,     sulphuric,  57 
„     suipho-,  57 
,,     sulphonic,  57 
„     tetranedicarboxylic,  932 
,,     thiocarbonic,  880 
,,     valeric,  series  of,  830 
Acraldehyde,  or  acrolein,  545,  752 
Acrinyl  thiocyanate,  702 
Acrolein,  or  acraldehyde,  545,  752 
Acrothialdin,  754 
Acrylates,  956 
Action  of  halogens  on  carbon  compounds, 

78 
^^scigenin,  688 
-Ssorcein,  687 
-Slscorcin,  688 
-iEsculetin,  687 

„  par-,  687 

„  trianil-,  687 

,,  triacetyl-j  687 

-(3^sculin,  687 

,,         hexacetyl-,  687 
,,         trianil-,  687 
Agents,  dehydrating,  action  of,  83 
,,       oxydizing,  action  of,  71 
,,      reducing,  action  of,  75 
Ajowan,  oil  of,  242 
Alanine,  or  propane -glycine,  738,  868 
/8-alanine-a-carbonamide,  936 
Alban,  246 

ALohol  (ethylic  alcohol),  425,  1005 
,,       absolute,  426 
,,       allylic,  464 
,,       amidoethylic(aldehydeamnionia), 

737,  loio 
,,       amylic,  higher  homologues  of,  457 
,,  ,,     isoprimary,  445 

,,  ,,     normal  primary,  445 

,,  ,,     tertiary,  450 

,,       benzylic,  490 
,,       bromopropylic,  515 
,,       butylic,  normal  primary,  438 
,,  „       isoprimary,  438 

,,  ,,       secondary,  439 

„  ,,       tertiary,  439 

„       cerylic,  457 
„       cetylic,  457 
,,       a-chloropropylic,  514 
,,       cinnamic,  495 
,,       coniferylic,  691 
,,       cumic,  494 


Alcohol,  cuminylic,  494 

,,  cyanethylic,  736 
decylic,  457 

,,  diacetonic,  780 

,,  dichlorisopropylic,  54  T 

,,  dichloropropylic,  541 

,,  diglyceric,  546 

,,  ethylenic,  509 

,,  ethylic,  425,  1005 

,,  ,,      higher  homologues  of,  457 

,,  fluorene,  503 

,,  furfurylic,  766 

,,  heptylic,  normal  primary,  454 
„         isoprimary,  454 
„         secondary,  455 

„  „_        tertiary,  455 

„  hexylic,  normal  primary,  452 
„  isoprimary,  452 

„  „  secondary,  452 

„  „  tertiary,  452 

„  iodopropylic,  515 

„  isopropylic,  435 

„  melissic,  457 

„  menthylic,  467 

„  methylic,  422,  1005 

„  mononitrobenzylic,  490 

„  naphthalenic,  554 

„  octylic,  or  caprylic,  primary,  456 

„  paratolylic,  492 

„  paroxybenzylic,  763 

„  phenylethylic,  primary,  492 

„  „  secondary,  492 

„  phenylpropylic,  primary,  494 

,,  „  secondary,  494 

„  piperonylic,  765 

„  propargylic,  467 

„  propylic  chloro-,  191 

„  „        primary,  434 

„  „        secondary,  435 

„  sycocerylic,  495 

„  thioallylic,  662 

„  thioamylic,  662 

„  thiobenzylic,  662 

„  thiobutyric,  662 

„  thioethylic,  661 

„  thioisobutylic,  662 

,,  thioisopropylic,  661 

„  thiomethylic,  661 

„  thiopropylic,  661 

„  triglyceric,  546 

„  vanillylic,  765 

„  Tinylic,  213 
Alcohols,  53,  403 

„  allylic,  series  of,  464 
amylic,  444,  1005 

„  ,,        secondary,  449 

„  benzene  series  of,  469 

„  benzylic  series  of,  468,  471 

„  butylic,  438 

,,  dihydric,  504 

„  ether-,  682 

,,  ethylic  series  of,  404 

,,  „  „     classification  of,  405 

„  „  ,,     diagnoses     of,    415, 

1004 
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AlcoLoIs,  ethylic  series,  of  formation  of, 
407 
>»  M  »     haloid  derivatives  of, 

461 
j»  „  „     isomerism  of,  406 

}>  jj          jj     properties   of,    415- 

422 
„         general  characters  of,  403 
,>  „      review  of,  1^6^ 

„         heptylic,  454,  562,  1005 
„         hexylic,  452 
„         nonylic,  457 
,,         octylic,  456 
,,         pentylic,  /|/|/j 
.;         polyglyceric,  546 
„         primary,  405,  407,  416 

propylic,  434 
,,         secondary,  405,  410,  416 
„         tertiary,  405,  411,  417 
,,         thio-  (mercaptans),  659 
,,         tritylic  (propylic),  434 
Aldehyde,     acetic    or     ethylic,    727    (see 
Ethaldehyde) 

,,  acrylic  (acrolein),  545,  752 

„         ^^-^ammmonia,  737 

>,  ))  compounds  of,  737 

„  amylic,  750 

„  anisic,  763 

„  benzoic,  755  (see  Benzaldehyde) 

)>  ,,         homologues  of,  1010 

„  butyric,  748 

,,  caproic  (hexaldehyde),  751 

„  cetylic,  751 

,,  chlorobutyric,  754 

,,  cinnamic,  241,  767 

„  crotonic,  754 

,,  cumic  or  cuminic,  24 1,  766 

„  dipheneth-,  1006 

,,  ethylic     or    acetic,     727    (see 

Ethaldehyde) 

,,  formic,  723 

,,  isobutyric,  749 

,,  isovaleric,  750 

,,  methyleneprotocatechuic,  765 

,,  methylic,  723 

,,  methylprotocatechuic,  764 

,,  naphthoic,  768 

„  cenanthylic  (cenanthol  or  hept- 

aldehyde),  751,  1010 

„  oxalic  (glyoxal),  768 

,,  oxybutyric,  733,  748 

„  palmitic,  751 

„  parametadioxybenzoic,  764 

„          parametamethylenoxy  benzoic, 

„  paramethoxybenzoic   or  anisic, 

763  .        ^ 

„  paramethylbenzoic,   765 

,,  paratoluic,  765 

„  parethoxymetamethoxybenzoic, 

764  ^ 

,,  paroxy benzoic,  763 

,,  paroxymetamethoxy  benzoic, 

692,  764 
,,  pheneth-,  loio 


Aldehyde,  phenylacetic,  765 
„  phenylacrylic,  767 

,,          phthalic,  770,  1010 
„  piperonylic,  765 

„  propionic  or  propylic,  747 

,,         protocatechuic,  764,  loio 
„  a-pyromucic,  766,  1010 

.'»  iS-pyromucic,  767 

,,         -resin,  731 
„  salicylic,  760 

,,  succinic,  770 

„  terephthalic,  770 

,,         toluic,  765 
„  trichlorobutyric,  749 

,,  valeric,  750 

Aldehydes,  55,  7 H 

„  aromatic,  755 

„  formation  of,  715 

,,  general  properties  of,  716 

„  pent-,  750 

,.  table  of,  722,  755 

Aldehydm,  737 
Aldehydrols,  504 
Aldines,  721 
Aldol,  733,  748 

, ,      polymerides  of,  748 
Ale,  433 
Alizarin,  802 

J,        amido-,  804 
,,        brom-,  804 
„        constitution  of,  376 
,,        diacetyl-,  804 
,,        isomerides  of,  804,  loii 
,,        manufacture  of,  803 
,,        methyl-,  807 
,,        nitro-,  804 
Alkalis,  action  of,  85 
Allene,  218 
Allylacetone,  789 
Allylbenzene,  342 
AUyldimethylcarbinol,  466,  1005 
AUylene,  217 
,,         iso-,  218 
,,         moniod-,  468 
,,         monobrom-,  468 
,,         monochlor-,  468 
AUylenic  dibromide,  206 
,,         oxide,  218 
,,         tetrachloride,  159 
Ally  lie  acrylate,  957 

,,  bromide,  205,  206 
,,  brom-,  acetate,  206 
,,  ,,      nitrate,  206 

,,  ,,      thiocyanate,  206 

,,      chloride,  203 
,,      formate,  847 
,,      iodide,  207,  544 
,,      mercur-,  iodide,  207 
,,      sulphide,  71 1 
,,      tri  bromide,  160 
,,      tricyanide,  175 
,,      trioxide,  679 
Aloi'n,  808 
Aluxanthin,  808 
Aluminic  acetate,  827 
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Amarine,  757 

Amic  acids,  59 

Amides,  acid,  59 

Amidin  (starcb),  616 

Amidon  (starch),  616 

Amines,  61 

Ammonia  type  examples  of,  69 

Ammonic  acetate,  826 

,,         adipate,  932 

,,         carbamate,  879 

,,         cyanate,  118 

,,         malate,  940 

,,         sulpiiocyanate,  120 

,,         thiocarbonates,  881 
Amygdalin,  688 

,,  heptacetyl-,  688 

Amylaceous  group,  616 
Amylacetylene,  (seuanthylidene),  221 
Amylcarbinol,  455 
Amyldimetbylbenzene,  296 
Amylene,  193,448  (note),  825  (note),  looi. 

,,       dibrom-,  220 
Amy  lenic  chloride,  162 

„       hydrate,  450 

,,       oxide,  679 
Amylic  chloride,  162 
„      hydride,  139 
,,      iodide,  193 
Amylin,  or  dextrin,  627,  1009 
Amyimethyl,  139 
Amylmethylbenzene,  296 
Amylodextrin,  634 

Amylon,  or  starch  sugar,  612,  626,  1008 
Amylum  (starch),  616 
Analysis,  calculation  of,  35 

of  bodies  contaiuiug  nitrogen,  22 
of  carbon  compounds,  3 
of  gaseous  mixtures,  32 
of  liquids,  2 1 
proximate,  3 

ultimate,  4,  11,  13,  1000 
Anethol,  24I,  675,  1C09 
Angelates,  960 
Anhydride,  abietic,  239 

,,  acetic,  855 

,,  amidocamphoric,  977 

,,  bromocitraconic,  972 

„  camphoric,  976 

bromo-,  976 

,,  citraconic,  969,  note 

,,  chlorocitraconic,  972 

,,  diacetotartaric,  945 

,,  diacetoxysucciuic,  945 

,,  glutaric,  931 

,,  hydroxycamphoric,  976 

,,  maleic,  969 

,,  methylsucciuic,  931 

,,  pyrotartaric,  931 

„  succinic,  947 

, ,  s  u  1  phocyanic,    120 

,,  tartaric,  943 

,,  thiacetic,  856 

,,  trimethacetic,  856 

,,  xeronic,  974 

Anhydrides,  acid,  60 


Animal  oil,  Dippel's,  258 
Anise,  oil  of,  241 
Auisol,  674 
Anisylic  hydride,  763 
Anol,  496 
Anthracene,  370 

„  constitution  of,  374,  1004 

„  dibrom-,  374 

„  ,,         tetrabromide,  374 

„  dichloro-,  374 

„  dichloride,  373 

„  dih^dro-,  367,  373 

„  dioxy-,  536 

„  hftxahyaro-,  355,  373 

„  methyl-,  382 

„  monobrom-,  374 

„  moiiochlor-,  373 

„  tetrabrom-,  374 

„  tetrachlor-,  374 

„  tetroxy-,  803 

,,  tribrom-,  874 

Anthrachrysone,  807 
Anthraflavone,  805,  loii 
Anthragallol,  807 
Anthrahydroquinone,  or  anthraquinol,  536, 

1007 
Anthranol,  1006 
Anthraquinone,  801 

,,  constitution  of,  and  its  de- 

rivatives, 374, 809,  ion 
dibrom-,  801 
dichlor-,  801 
dimethyl-,  807 
dinitro-,  80  r 

dioxy-,  derivatives  of,  802 
et  seq.  {see  also  Alizarin) 
erythroxy-,  802 
hexoxy-,  807 
methyl-,  807 
monobrom-,  801 
monoxy-,  802 
sulphonic,  acids  of,  80 1 
tetroxy-,  807 

trioxy-,  derivatives  of,  805 
et  aeq. 
Anthrarufin,  ion 
Anthrols,  504,  1006 
Aphrodesciu,  688 
Apigenin,  6S8 
Apiin,  688 
Ai-abin,  589,  651 
Arabinose,  589,  654 
Arbutin,  689 
„        di-,  689 
„        tetrauitro-,  689 
Argentallylene,  218 
Argentic  acetate,  826 

acetoformate,  905 
aery  late,  956 
angelate,  96o 
butyrate,  830 
crotonate,  957 
cyanide,  99 
cyanurates,  122 
dimethacrylate,  960 
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Argentic  dimethethacetate,  83 

,,        formate,  823 

,,        fulminate,  123 

,,        furonate,  996 

„        heptylate,  835 

,,        hydracrylate,  or  a-hydroxypropio- 
nate,  886 

,,        isobutyrate,  830 

,,        iso valerate,  831 

,,       meconate,  998 

„        methethacetate,  832 

,,        nonylate,  836 

,,        potassic  fulminate,  124 

,,        propionate,  82 S 

,,        pyruvate,  or  acetoformate,  905 

„       trimethacetate,  833 
Argol,  942 
Arnicin,  690 
Arrack,  432 
Arrowroot,  6-22 

Arsenicum,   in  carbon  compounds,   deter- 
mination of,  26 
Artiads,  47 
Asparagine,  986 
Asphalt,  146 

Asymmetric  carbon  atom  hypothesis,  986 
Atom,  distinguished  from  molecule,  42 
Aurantin,  690 
Aurous  cyanide,  lOi 
Austracamphene,  235 
Austraterebenthene,  234 
Avogadro's  law,  38 

Balsam  of  Canada,  239 
Barbaloin,  808 
Baric  acetate,  826 

angelate,  960 

caprate  (rutate),  838 

caproate,  834 

cobalticyanide,  ir2 

dimethacrylate,  960 

dimethethacetate,  834 

diraethoxalate,  895 

heptylate,  835 

isoeaproate,  834 

iso  valerate,  831 
,,    methethacetate,  832 

nitroprusside,  1 1 1 

nonylate,  836 
, ,    octylate,  835 

oleate,  964 

pelargonate,  836 

propionate,  828 

pyromeconate,  999 

trimethacetate,  833 

valerate,  831 
Barley  sugar,  597 
Barras  (gdipot),  226 
Bay,  oil  of,  241 
Beer,  433 
Benylene,  222 
Benzaldehyde,  755 

,,  dichloro-,  760 

,,  haloid  derivatives  of,  759 

,,  homologues  of,  765 


1   Benzaldehyde,  metanitro-,  760 

nitro-derivatives  of,  760 
orthochloro-,  760 
orthomethoxy-,  761 
orthoxy-  (salicylol),  760 
parachloro-,  760 
thio-,  759 
trichloro-,  760 
Benzene,   258,  1003 

„  action  of  re-agents  on,  1004 

,,  allyl-,  342 

„  amyl-,  295 

,,  amyldimethyl-,  296 

,,  amylmethyl-,  296 

,,  benzyl,  (diphenylmethane),  360 

,,  bromiodo-,  311 

,,  bromo-,  300 

,,  broraonitramido-,  333 

,,  broraotri methyl-,  321 

^-bntyl-,  288 

,,  chloriodo-,  311 

„  chloro-,  305,  1004 

,,  chlorobromo-,  311 

,,  chloromethyl-,  3 1 3 

,,  chloromethylchloro-,  314 

,,  chloromethydichloro-,  315 

,,  chloromethylpentachloro-,  317 

,,  chloromethyltetrachloro-,  316 

,,  constitution   of,  261,   270,  338, 

8x7,  note 

,,  cyano-,  327 

,,  derivatives,  constitution  of,  264 

,,  diacetenyl-,  385 

„  dibenzyl-,  385 

,,  dibrorao-,  300 

,,  dichloro-,  307 

„  dichlororaethyl-,  314 

,,  dichioromethylchloro-,  315 

,,  dichloromethyldichloro-,  316 

,,  dichloromethylpentachloro-,  317 

„  dichloromethylietrachloro-,  317 

,,  dichloromethyltrichloro-,  316 

„  dichlorotetroxy-,  796 

„  diethyl  ,  293 

,,  diethylmethyl-,  296 

,,  diiodo-,  31  f 

„  dimethyl-,  285 

,,  dinitro-,  324 

,,  ethyl-,  284 

„  ethylbromo-,  321 

,,  et^yldimethyl-,  294 

,,  e^.hylmethyl-,  286 

„  ethylnitro-,  326 

,,  fluor-,  310 

,,  haloid  derivatives  of,  298 

„  hexabromide,  300 

,,  hexachloride,  305 

„  hexabromo-,  1004 

,,  hexachloro-,  309 

„  hexyl-,  296 

,,  homologues  of,  2  76,  T003 
,,  „         action  of  hydrogen  on, 

281 
,,  „        action  of  halogens  on^ 

281  • 
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Benzene,  homologues  of,  oxidation  of,  279 

,,  iodo-,  310,  1004 

,,  isocyano-,  328 

,,  isopropyl-,  286,  1003 

,,  raetabroraiodo-,  311 

,,  metadichloro-,  308 

,,  metadibromo-,  301 

,,  metadicyano-,  329 

,,  metadiiodo-,  3:1 

,,  metadimethylbromo-,  321 

,,  metadimethyldibromo-,  321 

,,  metadioxy-,  521 

,,  metanitrocyano-,  328 

,,  metatribromo-,  306 

,,  methyl-,  283  {see  Toluene) 

,,  methyl chloro-,  313 

,,  methyldichloro-,  3i4 

,,  metbyldipropyl-,  297 

j  ,,  methylpentachloro-,  316 

,,  methyltetrachloro-,  316 

,,  methyltrichloro-,  315 

nitro-,  323 

„  ,,     dihaloid     derivatives     of, 

331 

,,  ,,     monohaloid  derivatives  of, 

330 

,,  „     trihaloid    derivatives    of, 

331 

,,  nitrodichloramido-,  333 

,,  nitroparadimethyl-,  325 

„  orthochloriodo-,  31 1 

„  orthodibromo-,  302 

,,  orthodichloro-,  308 

„  orthodiethyl-,  293 

„  orthodiiodo-,  311 

„  orthodinitro-,  324 

,,  orthodioxy-,  524 

,,  oi-thotribromo-,  304 

,,  oxydimethyl-  (xenol),  492 

,,  oxyethyl-,  493 

,,  parabromiodo-,  311 

„  parachloriodo-,  311 

„  parachlorobromo-,  311 

,,  paradibromo-,  300 

,,  paradichloro-,  307 

„  paradicyano-,  329 

,,  paradiethyl-,  293 

,,  paradinitro-,  324 

,,  paradimethoxy-,  533 

„  paradimethylbromo-,  321 

„  paradioxy-,  525 

,,  paradiphenyl-,  385 

,,  parapropylmethyl-,  289 

,,  paratribromo-,  302 

„  paratrichloro-,  309 

,,  pentabromo-,  305 

,,  pentacbloro-,  309 

,,  properties  of,  259 

,,  propyl-,  286 

,,  propyldimethyl-,  296 

„  propylisopropyl-,  T003 

,,  propylm ethyl-,  289 

„  symbol,  Kekule's,  338 

,,  table  of  homologues  of,  278 

„  tetrabromo-,  305 


Benzene,  tetrachloro-,  309 

„         tetrachlorodioxy-,  796 
,,         tetramethyl-,  294 
,,         tribromo-,  302 
„  trichloro-,  309 

,,         trichloromethyl-,  315 
,,         trichloromethylchloro-,  316 
„         trichloromethyldichloro-,  316 
.,         trichlorometbyltetrachloro-,  317 
„         trichloromethyltrichloro-,  317 
,,         triethyl-,  296 
,,         triiodo-.  311 
,,         triraethyl-,  289 
,,         trinitro-,  1004 
„         triphenyl-,  390 
Benzhydrol,  503,  786 
Benzil  (dibenzoyl),   787 
Bonzimide,  758 
Benzohelicin,  695,  699 
Benzoin  (benzoylphenylcarbinol),  787 
Benzonitrile,  327 
Benzopinacone,  786 
Benzoyl  hydride,  755 
Benzoylphenylcarbinol  (benzoin),  787 
Benzylbenzene,  or  diphenylmethane,   360 
Benzylethylbenzene,  363 
Benzylic  or  benzoic  alcohol,  490 
,,       bromide,  319 
,,       chloride,  313 
,,       oxalate,  923 
,,       selenide,  713 
,,       sulphide,  712 
,,       sulphydrate,  662 
,,       telluride,  714 
Benzylinetaxylene,  363 
Benzylnaphthalene,  383 
Benzylparaxylene,  363 
Benzylphenyl,  503 
Benzyltoluene,  ortho-,  362 
,,  para-,  362 

,,  tetranitro-,  363 

Bergamot,  oil  of,  240 
Betaorcin,  533 

Benzoic  chloride,  action  of,  86 
Bitter  almond  oil,  755 
Bitumen,  146 
Bonds,  44 
Bone  oil,  258 

Bones,  destructive  distillation  of,  258 
Bornenee,  240 
Borneo  camphene,  233 
Borneo  camphor  or  borneol,  791 
Borneol,  791 
Bomesite,  562 
Brandy,  432 
British  gum,  623 
Bromacetic  bromides,  860 
Bromal,  747 
Bromalide,  894 
Bromallylic  acetate,  206 
,,  nitrate,  206 

,,  thiocyanate,  206 

Bromhydranil,  526 
Bromhydrins,  54,  463 
Bromine  acetate,  850 


BRO 


1023 


CAR 


Bromine,  determinatioa  of,  in  carbon  com- 
pounds, 28 
Bromobutylene  bromide,  162 
Bromoform,  153 

Bromopicrin,  or  tribromonitromethane,  1 70 
Bromoxaform  (pentabromacetone),  782 
Bryonin,  690 
Bryoretin,  690 

Bunsen's  method  for  combustions,  t8 
Butaldehyde,  747 
Butane,  haloid  derivatives  of,  161 

,,      dibromo-,  161 

„      iso-,   138 

,,      mouiodo-,  161 

,,      monobromo-,  161 

,,      monochloro-,  [61 

,,      norma],  138 

,,      tetrabromo-,  162,  219 

,,      tribromo-,  162 
Butanes,  138 
Butene,  191 
Butylcarbinol,  445 

,,  secondary,  445 

Butyldimethylcarbinol,  tertiary,  455 
Butylene,  or  tetrylene,  191 

,,         dichloro-,  754 

,,        normal,  191 

,,        a-pheuyl-,  342 

^-phenyl-,  343 

Butylenic  bromides,  161 

Butylethylene,  195,  196 

Butylic  aldehyde,  747 

,,      bromides,  161 

,,       chlorides,  161 

,,       hydride,  138 

,,       iodides,  i6i 
Butylmethyl,  139 
Butylmethylcarbinol,  primary,  452 

,,  secondary,  453 

Butyric  aldehyde,  74  7 

chloro-,  754 
,,      peroxide,  856 

Caikcigenin,  690 
Caincin,  690 
Cajeputol,  467 
Calamus,  oil  of,  297 
Calcic  acetate,  826 

,,     adipate,  932 

,,     angelate,  960 

,,     butyrate,  829 

,,     caproate,  833 

,,     carbamate,  879 

,,     citrate,  952 

,,     dihydroxyacetate,  or  gly oxalate,  90  f 

„     dimethaci-ylate,  960 

„     glycol  ate,  or  hydroxyacetate,  883 

,,     glyoxylate,  901 

,,     heptylate,  835 

,,     hydracrylate,    or    a-hydroxy propio- 
nate, 887 

,,     isobutyrate,  830 

,,     isocaproate,  834 

,,     lactate,  889 

,,     malate,  940 


Calcic  octylate,  835 
,,     pimelate,  933 
,,     propionate,  828 
„     succinate,  927 
,,     tartrate,  945 
„     trimethacetate,  833 
„     valerate,   831 
„     xeronate,  974 
Calculation  of  analyses,  35 
Camphenes,  232 

,,  Austra-,  235 

,,  Borneo-,  233 

,,  tere-,  232 

Campholene,  977 
Camphor,  790,  loio 
,,         Box-neo,  791 
„         constitution  of,  792 
,,         from  camphene,  237 
»  ,,     feverfew  oil,  790 

,,        laurel,  790 
„         monobroHao-,  792 
„         monochloro-,  792 
„         oil,  240 
,,         sodium-,  790 
Camphoric  peroxide^  237 
Canada  balsam,  239 

Cannelcoal,  destructive  distillation  of,  2k^ 
Cane  sugar  (saccharon),  593,  1008 
Caoutchin,  244 
Caoutchouc,  243 
Caprylidene,  221 
Caramel,  598 
Caraway,  oil  of,  241 
Carbamines,  properties  of,  1 74 

,,  table  of,  173 

Carbinols,  405 

,,         diagnosis  of,  1004 
,,         tertiary,  1004 
Carbo-acids,  56 
Carbohydrates,  567 

,,  constitution  of,  654 

,,  nomenclature  of,  659. 

,,  reducing  powerof,  568, 1007 

„  specific  rotatory  power  of, 

569 
„  synthesis  of,  roo8 

Carbon  dichloride,  201 
Carbonates,  876 
Carbonic  tetrabromide,  154 
,,      tetrachloride,  153 
,,      tetriodide,  154 
Carbonyl-dibiuret,  122 
Carbothialdine,  739 
Carboxylic  acids,  56 
Carburetted    hydrogen,    light    (methane), 

,,  ,,  heavy    (ethylene), 

183 
Carius's  method  for  determining  chlorine, 

bromine,  and  iodine,  28 
Carmine-red,  690 
Cavpene,  224 
Carvacrol,  494 
Carvene,  241 
Carvol,  241 
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Cassia,  oil  of,  24  t 
Catechol,  or  pyrocatechin,  524 
,,       dimethyl,  682 
,,       methyl-,  532 
,,       monetbylin-,  683 
Cedriret,  or  coerulignone,  800,  loio 
Cellulose,  645 

,,       estimation  of,  646 
,,       hydro-,  650 
,,       nitro-,  649 

,,       soluble  in  ammoniacal  oxide  of 
copper,  647 
Cerotene,  199 
Cetene,  or  cetylene,  199 
Cetenylene,  222 
Cetine,  222 
Cetylene,  or  cetene,  199 

,,         dibromide,  222 
Cetylic  bromide,  163 
,,       chloride,  163 
,,       iodide,  163 
Change  of  valency,  47 
Cbapeau  (of  must),  433 
Chemical  types,  67 
Chemistry,  inorganic,  i 
,,  organic,  1,  49 

,,  physiological,  2 

Chinese  yellow,  700 
Chinizarin,  804 

,,  constitution  of,  376 

Chloracetic  chlorides,  859 
Chloracetin,  676 
Chloral,  743 

,,       alcobolate,  683 
,,       ammonia,  745 
„       hydrate,  513,  744 
„       meta-,  743 
Chloralide,  744 

„         and  analogous  compounds,  893 
„         glycolic,  894 
,,         lactic,  894 
Chloranil,  or  tetrachlorquinone,  795 
Chlorethylic  acetate,  736 
Chlorhydrinimide,  542 
Chlorhydrins,  54,  463 
Chlorine  acetate,  849 

,,        iodine  and  bromine,    determina- 
tion of,  in  carbon  compounds,  28 
Chlorhydranil,  526 
Chloroform,  151 
Chloropicrin,  170 

Chloropropylenic  oxide  (epichlorhydrin),  5  42 
Cholesterin,  496,  1006 
Chrysazin,  805,  T006,  loii 

,,         oxy-,  807 
Chrysene,  386 

„         dibromo-,  387 
,,         dichloro-,  387 
,,         dinitro-,  387 
,,       .  mononitro-,  387 
,,         series  of  hydrocarbons,  386 
,,         tetranitro-,  387 
Chrysenehydroquinone  or  chrysoquinol,  537, 

812 
Chrysoquinone,  387,  812 


Chrysorhamnin,  700 
Cider,  433 
Cinnamene,  340 

,,  bromo-,  341 

„  chloro-,  341 

,,  dibromide,  341 

„  meta-,  342 

„  nitro-,  342 

,,  series   of    hydrocarbons,   34c 

1004 
Cinnamon,  oil  of,  241 
Cinnamol  (cinnamene),  340 
Ciunamic  chloride,  342 
„         cyanide,  342 
„         iodide,  342 
Citronellol,  467 

Classification  of  carbon  compounds,  49 
Cloves,  oil  of,  297 
Coal,  destructive  distillation  of,  247 
,,     cannel-,  destructive  distillation  of,  25 
,,     -gas,  manufacture  of,  248 
,,     -naphtha,  247,  252 
,,     -tar,  247 
,,        compounds  present  in,  25 t,  100 
,,        distillation  of,  252 
Cobalticyanides,  1 1 1 
Cobaltocyanides,  iii 
Coccinin,  691 
Cochineal,  690 
Coerulignone,  or  cedriret,  800 
Coke,  gas-,  247 
Collidine,  738 
Collodion,  647 
Colocynthein,  691 
Colocynthin,  691 
Colocynthitin,  691 
Colophene,  229,  232 
Colophony,  259 
Combination,  direct,  43 

,,  often  double  decomposition,  4 

Combustion,  Bunsen's  method,  18 
,,  Dumas's  method,  19 

,,  furnace,  13 

,,  tube,  15 

„  „     filling,  17 

,,  -with  plumbic  chromate,  20 

Common  frankincense,  226 
Compound  radicles,  theory  of,  64 
Compounds,  organo-metallic,  63 
,,  saturated,  50 

,,  unsaturated,  50 

Concretor,  Fryer's,  594 
Coniferin,  691 
Constitution  of  anthracene,  374,  1004 

,,  of  anthraquinone,    374,   8o( 

lOII 

,,  of  naphthalene,  346 

,,  of  phenol  derivatives,  485 

Convallarin,  692 

Convallamaretin,  692 

Convallamarin,  692 

Convolvulin,  692 

Convolvulinol,  692 

Coriander,  oil  of,  241 

Cork,  645 


cou 


1025 


DIB 


Coumarin,  762 
Creasote,  255 
Creosol,  684 
Cresol,  491 

,,      nitro-,  491 
Crocetin,  693 
Crocin,  693 
Crotonaldehyde,  754 
Crotonylene,  218 
Crystallization,  fractional,  6 
Cubebs,  oil  of,  297 

Cumene,  from  cumic  acid  (isopropylbenzene) 
286 
,,      pseudo-  (from  coal  tar),  288 
Cumin,  oil  of,   241 
Cuminol  (cumic  aldehyd),  766,  1003 
Cupric  acetates,  827 
„      cyanide,  99 
,,      formate,  823 

,,      glycolate  or  hydroxyacetate,  883 
Cuprosoacetylic  chloride,  214 

„  oxide,  214 

Cuproso- cupric  cyanide,  99 
Cuproso-vinylic  ether,  214 
Cuprous  acetylide,  214 
,,         cyanide,  99 
,,         sulphocyanate,  119 
Cuticular  substance,  645 
Cyamelide,  1x7,  122 
Cyanethine,  174 
Cyanic  bromide,  116 
,,      chloride,  115 
„       iodide,  116 
,,      sulphide,  120 
Cyanides,  96 

,,         detection  of,  94 
,,         double,  98 
Cyanmethine,  174 
Cyano-derivatives  of  benzene,  327 
,,  ,,  the      homologues     of 

benzene,  329 
,,  ,,  the  hydrocarbons,  52 

Cyanoform,  175,  100  [ 
Cyanogen  acetate,  850 
,,         bromides,  116 
,,         chlorides,  115 
,,         conversion  of  into  ammonic  oxa- 
late, 89 
,,         formation  of,  88 
,,         iodide,  1 16 
,,         liquefaction  of,  89 
,,         preparation  of,  88 
,,         solubility  in  water,  88 
,,         sulphide,  120 
Cyanuric  bromide,  it6 
,,        chloride,  116 
Cyapbenine,  328 
Cyciarain,  693 
Cyclamiretin,  693 
Cymeie,  289,  1003 

,,        dihydrides,  291   , 
,,        moDonitro-,  326 
Cymoquiuoue,  798 

,,  dioxy-,  799 

oxy-,  799 

3  3 


Dambonite,  562 
Dambose,  561 
Daphnetin,  693 
Daphnin,  693 
Datiscetin,  693 
Datiscin,  693 
Dead  oil  (from  tar),  252 
Decane,  dibromo-,  198 

,,      normal,  141 
Decanes,  141 
Decenylene,  221 
Decylene  or  decene,  197 
Dehydrating  agents,  action  of,  83 
Dehydrotriacetonamine,  780 
Deoxybenzoin,  787 
Desiccation  of  organic  compounds,  1 1 
Destructive  distillation  of  bones,  258 
'»  M  cannel       coal, 

254 
»>  ,,  coal,  247 

..  ,,  lignite,  254 

>.  „  menhaden    oil- 

soap,  257 
>»  M  peat,  257 

M         _  ,,  wood,  254 

Determination  of  carbon  and  hydrogen,  12, 
21 
,,         ,,  nitrogen,  22 

„         „  sulphur,   phosphorus  and 

arsenic,  26 
,,         ,,  haloids,  28 

,,         ,,  vapour  densities,  36 

Dextrin  or  araylin,  627 
Dextroglucose,  or  dextrose,  577 
,,  in  the  blood,  643 

Dextrose  (grape  sugar),  577,  601 
,,        acetates,  580 
,,        chloracetins  of,  580 
,,        from  diabetic  urine,  583 
,,  ,,     various  sources,  582 

,,        reducing  power  of,  581 
Diabetic  sugar,  583 
Diacetonalkamine,  780 
Diacetonamine,  780 
Diacetenylbenzene,  385 
Diallyl,  220,  1002 
,,        dibromo-,  275 
,,        tetrabromide,  220 
Diallylmethylcarbinol,  468,  1005 
Diamidohydrin,  542 
Diamyl,  141 
Diamylene,  197,  1011 

,,  bromide,  198 

Diarbutin,  689 
Diargentic  cyan  urate,  122 
Diatomic  molecule,  44 

,,        radicle,  44 
Dibenzoyl  (benzil),  787 
Dibenzoylbenzene  ortho-,  386 
para-,  385 
Dibenzyl,  361 

,,         dibromo-,  361  ^ 

,,         dnitro-,  362 

,,         monobromo-,  36 1 

„         trinitro-,  361 
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Dibenzylbenzene  para-,  385 
,,  ortho,  385 

Dibenzylmethane,  363 

Dibrornethaldehydrol,  514 

Dibromhydrin,  542 

Dibromobenzenes,  302 

Dibuty},  141 

Dichloracetone  cbloride,  159 

Dichlorhydrin,  541 

Dichlorethaldelhydrol,  514 

Dichloroglycid,  Keboul's,  205 

Dicinnamene,  369 

Diethyl,  138 

Diethylbenzenes,  293 

Diethylcarbinol,  450 

Diethylenic  dioxide,  678 

Diethylic  lactate,  889 

Diethylmethylbenzene,  296 

Diferrons  dipotassic  ferricyanide,  107,  1000 

Diformylethylenediamide,  746 

Digitalin,  693 

Digitaliretin,  694 

Dihydroantbracene,  367 

Di'jydroxyetbylenainine,  677 

Diiodbydrin,  543 

Diisoamyl,  141 

Diisobutol,  835 

Diisobutyl,  141 

Diisobutylene,  835,  note 

Diisopropylcarbinol,  455 

Dill,  oil  of,  241 

Dimethacrylates,  960 

Dimethyl  (ethane),  137 

Dimethylacetylene,  219 

Dimethylanthi-aquinone,  807 

Dimetbylallene,  220 

Dimethylamidobenzoic,  chloride,  786 

Dimethylbenzene  (xylene),  285 

Dimethylbenzophenone,  363 

Dimethylbutylmethane,  140 

Dimethyl carbinol,  435 

Dimethyldiethylmethane,  140 

Dimethylethylene  (butylene),  192 

Dimethylethylethylene  (hexylene),  196 

Dimethylisobutylcarbinol,  455 

Dimethylisopropylethylene,  197 

Dimethylmetatrioxybenzene,  552 

Dimethyltolane,  382 

Dimesitylm ethane,  363 

Dinaphthalene,  enneachloro-,  352 
Dinaphthols,  537 
Dinaphthyl,  388,   1004 
,,  dibromo-,  388 

,,  hexabromo-,  388 

iso-,  388 
,,  ,,     heptabrom-,  389 

„  ,,     tetrachlor-,  389 

,,  series  of  hydrocarbons,  388 

,,  tetranitro-,  388 

Dinaphthylethane,  389 
Dinaphthylethylene,  389,  1004 
Dinaphtbylmethane,  389 

,,  dibromo-,  389 

,,  tetranitro-,  389 

Dinaphthyltrichlorethane,   389 


Dioxyretistene,  382,  811 
Dip  (turpentine),  225 

,,  virgin,  226 
Diphenols,  534 
Diphenyl,  355 

,,         hexoxy-,  562 

,,         homologues  of,  358 

,,         methyl-,  369,  note 

„         series,  355,  1004 

,,         substitution  derivatives  of,  356 
Diphenylacetylene  (tolane),  381 
Diphenylbenzene,  iso-,  385 

para-,  385 
Diphenylcarbinol,  503,  786 
Diphenylchloromethanes,  361 
Diphenyldiacetylene,  345,  385 
Diphenyldichloromethane,  361 
Diphenyldimethylethane,  363 
Diphenylditolylmethane,  386 
Diphenylenecarbinol,  503 
Diphenylenera ethane,  or  fluorene,  365 
Diphenylenesulphone,  7  r  2 
Diphenylenic  disulphide,  711 
,,  oxide,  679 

,,  sulphide,  711 

Diphenylethane,  or  dibenzyl,  361,  742 
jS-Diphenyl  ethane,  362 

,,  haloid    derivatives    of, 

362 
a-Diphenylethylene,  or  stilbene,  366 
j8-Diphenylethylene,  or  isostilbene,  367 
Diphenylethylene,    haloid    derivatives   of, 

367 
Diphenylmethane,  360 

,,  nitro-derivatives  of,  360 

Dipper  s  oil,  258,   1003 
Dipropargyl,  275 

,,  octobromide,  276 

,,  tetrabromide,  275 

Dipropyl,  139 
Dipropylcarbinol,  455 
Direct  combination,  43 
Disacryl,  752 

,,         resin,  752 
Discrimination   of    the  gases,   general  re- 
marks on,  29 
Distillation,  fractional,  7,  1000 

,,  in  a  current  of  steam,  10 

Distilled  waters,  239 
Distyrolene,  369 
Diterebene,  229,  232 
a-Ditolyl,  361 
Ditolyl,  ortho-,  361 
Ditolylacetylene,  382 
a-Ditolylethane,  363 
/3-Ditolylethane,  363 
Ditolylketone,  369 
Ditolylmethane,  363 

,,  dibromo-,   363 

„  dichloro-,  363 

,,  dinitro-,363 

Dixyiyl,  363 
Dodecane,  normal,  141 
Double  cyanides,  98 
Drying  substances  for  analysis,  11 
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Dulcamaretin,  694 

Dulcamarin,  694 

Dulcitane,  683 

Dulcite,  or  diilcitol,  558,  888 

Dumas'  method  for  combustions,  19 

,,  ,,  determining  nitrogen,  25 

Duraasin,  788 
Duplothioacetone,  662,  779 
Durene  (tetrametbylbenzene),  294,  1003 
Dyads,  42,  44 
Dyslyte,  971 

Ebonite,  or  vulcanite,  244 
Elaidin,  964 
Elayl  (ethylene),  183 
Elseoptene,  223,  note 
Emodin,  808 
Empirical  formulae,  35 
Endeceuylene,  222 
Endecylene,  199 
English  turpentine  oil,  234 
Epibromhydrin,  543 
Epichlorhydrin,  542 
Epiiodhydrin,  543 
Eremacausis,  72 
Ericinoi,  694,  699 
Ericocin,  694 
Erythrin,  523 
Erythrol,  or  erythrite,  553 

,,       dibromhydrin  of,  554 
,,       dichlorhydrin  of,  553 
Erythromannite  (erythrol),  553 
Erythrozym,  802 
Essential  oil  of  ajowan,  242 

,,  aniseed,  241 

bay,  241 

,,  bergamot,  240 

,,  bitter  almonds,  223 

,,  calamus,  297 

,,  camphor,  240 

,,  caraway,  241 

,,  cassia,  241 

,,  cinnamon,  241 

,,  cloves,  297 

,,  coriander,  241 

,,  cubebs,  297 

,,  cumin,  241 

,,  dill,  241 

,,  eucalyptus,  242 

,,  fennel,  241 

,,  galbanum,  242 

,,  garden  cress,  223 

,,  juniper,  239 

,,  lavender,  242 

,,  lemons,  240 

,,  mace,  240 

,,  mustard,  223 

,,  neroli,  240 

,,  nutmeg,  2A0 

,,  orange  peel,  240 

,,  patchouli,  297 

,,  peppermint,  242 

,,  petit  grain,  2  40 

,,  rosemary,  242 

,,  rosewood,  297 


Essential  oil  of  sassafi-as,  241 
savine,  239 
spearmint,  242 
spoonwort,  223 
thyme,  242 
watercress,  223 
Essential  oils,  222 
Kthal,  457 
Ethaldehyde  (aldehyde),  727 

,,  action  of  acid  amides  on,  740 

j»  ,)  amines  on,  737 

j>  ,,  ammonia  on,  737 

M  j>  halogens  on,  733 

»>  »>  on      hydrocarbons, 

741 
,,  -ammonia,  737 

chlor-,  742 
, ,  compounds  withacid  sulphites, 

734 
,,  condensation  of,  732 

,,  dibrora-,  747 

,,  dichlor-,  743 

,,  haloid  derivatives  of,  742 

,,  higher  homologues  of,  747 

„  met-,  731 

par-,  731 
,,  parathio-,  742 

,,  polymerization  of,  731 

,,  preparation  of,  729 

,,  resin,  731 

,,  tribrom-  (bromal),  747 

,,  trichlor-  (chloral),  743 

Ethaldehydrol  chloracetin,  736 

,,  diacetin,  736 

Ethane,  137 

a-dibrom-,  156,  201 

j8-dibrom-,  156,  201 

dibromotrichlor-,  744 

a-dichlor-,  155,  200 

j3-dichlor-,  155,  200 

a-dichlorocyan-,  176 

dicyan-,  175 

a-diiod-,  158,  213 

|3-diiod.,  158,  213 

dinaphthyl-,  389 

^■diphenyl-,  362 

ditolyl-,  363 

ethyl-/3-diphenyl-,  363 

haloid  derivatives  of,  155,  jooi 

hexabrom-,  202 

hexachlor-,  156 

iodobrom-,  157 

iodochlor-,  157 

isocyan-,  172 

methyl-j8-diphenyl-,  363 

moniod-,  157 

monobrom-,  156 

monochlcr-,  155 

nitro-,  165 

pentabrom-,  202 

pentachlor-,  156 

table  of  chlorinated  derivatives  of, 
156 

tefcrabrom-,  202 

tetrachior-,  156 
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Ethane,  tetraphenyl-,  390 
,,      tribrom-,  201 
,,      trichlor-,  156 
,,      triehlorodibromonitro-,  170 
,,       trichlorotrinitro-,  170 
Ethene,  183   (see  Ethylene) 
Ethenedicymoquinone,  800 
Ether,  diehlor-,  672,  732 
,,      ethyl-allyl,  673 
,,       ethyl-benzyl,  675 
,,      ethylic,  668 

,,      chlorinated  derivatives  of,  671 
,,      glyceric,  679 
„      glycidic,  685 
,,       methyl. benzyl,  675 
,,      methyl-phenyl,  674 
,,       methylic,  667 
,,      monochlor-,  671 
,,      pentachlor-,  673 
,,      perchlorinated,  673 
,,      phenylic,  674 
,,      sulphuric,  668 
,,      tetraclilor-,  672 
,,      thioethylic,  706 
,,       trichlor-,  672 
,,       vinyl-ethyl,  1009 
Ether-alcohols,  6*82 

,         ,,        from  glycerol,  685 
,,         ,,        from  pyrogallol,  685,  1009 
Ethereal  salts,  59 

,,  ,,      of  acids  of  the  active  series, 

841,  1012 
Etherification,  theory  of,  841 
Ethers,  55,  663 
,,       benzyl,  675 
,,      double,  or  mixed,  664,  679 
,,      mixed,  664,  679 
,,      preparation  of,  663 
,,      simple,  664 
,,      thio-,  704 
Ethine,  209 
Ethionic  acid,  189 

,,        anhydride,  189 
Ethylacet.v  lene,  219 
Ethylbeuzene,   284 
Ethylbromobenzene,  321 
Ethylcarbaminic,  172 
Ethylcarbinol,  434 
Ethyldimethylbenzene,  294 
Ethyldimethylcarbinol,  194,  450 
Ethyl-j8-diphenylethane,  363 
Ethylene  (elayl,  olefiant  gas),  183 
,,         chlorobromo-,  202 
,,    ■     compounds  of,  with  chlorides,  1 89 
,,         dibrom-,  201,  213 
,,         diehlor-,  20T,  212 
,,         diethyl  ether,  680 
,,         diiod-,  202 
,,         dinaphthyl-,  389 
,,         dinitrosodibrom-,  177 
,,         a-diphenyl-  (stilbene),  366 
,,        /3-diphenyl-  (isostilbene),  367 
,,         ethylphenyl-,  342 
,,        haloid  derivatives  of,  1002 
,,        methylphenyl-,  342 


Ethylene,  mouiod-,  202,  213 
monobrom-,  201 
monochlor-,  200 
phenethyl-,  343 
phenyl-  (cinnamene),  340 
polymerization  of,  190 
preparation  of,  186 
tetrabrom-,  202 
tetrachlor-,  201 
tetraphenyl-,  391 
tribrom-,  202 
trichlor-,  201 
Ethylenic  bromide,  156 
chloride,  155 
ethylidenic  dioxide,  678 
iodide,  158 
oxide,  676 
sulphide,  712 
Ethylethylene  (butylene),  191 
Ethylic  acetate,  848 
,,       acetoacetate,  909 
,,  ,,  action  of  alkalis  on, 

913 

,,  ,,  ,,        nitrous  acid- 

on,  9  r  5 
,,  ,,  metallic     derivatives 

of,  911 
acetocupracetate,  911 
acetolactate,  889 
acetonitrosoacetate,  915 
acetosodacetate,  9 1 1 
acetoxysuccinate,  940 
aery  late,  957 

amidoformate  (urethane),  879 
bromide,  156 
caniphoronate,  978 
carbonate  (urethane),  879 

, ,         thio-derivatives,  of,  88 1 
carbonate,  877 
carbuvate,  928 
chloride,  155 
chlorocarbonate,  878 
chloroformate,  or  chlorocarbonate, 

878 
cyanide,  171 
cyanocarbonate,  878 
cyanoformate,  or  cyanocarbonate, 

878 
dehydromucate,  998 
desoxalate,  953 
diacetosuccinate,  928 
diacetoxysuccinate,  945 
diethacetate,  907 
diethacetonecarbonate,  907 
disulphide,  708 
ethacetate,  907 
ethacetonecarbonate,  907 
ethoxyacetoethoxyacetate,  9  r  7 
ethoxypropionate,  889 
formate,  847 

, ,        action  of  sodium  on,  9 1 5 
fumarate,  969 

glycolate,  or  hydroxyacetate,  883 
glyoxylate,    or   dihydroxy acetate, 

902 
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Ethylic  hydride,  137 

,,       iodide,  157 

,,       isosucciuate,  930 

,,       isovalerate,  action  of  sodium  on, 
916 

,,       lactate,  889 

,,       malate,  940 

,,       maleate,  969 

,,       malonate,  1012 

,,       mucate,  951 

,,       mucobroraate,  995 

, ,       ^-nitrosopropiouate,  9  r  5 

,,       orthoformate,  823  note 

,,       oxalate,  923 

,,       oxide,  or  ether,  668 

, ,       propionate,  action  of  sodium  on,  9 1 5 

,,       propiopropionate,  915 

,,       saccharate,  951 

,,       selenide,  yi^ 

,,       succinate,  927 

>>  ))         action  of  alkali  metals 

on,  928 

,,       succinopropionate,  929 

,,       succinosuccinate,  929 

,,       sulphide,  706 

,,       sulphydrate  (mercaptan),  661 

,,       tartrate,  945 

,,       telluride,  714 

,,       tetrasulphide,  708 

,,       trichlorolactate,  744 
Ethylidene  diethyl  ether  (acetal),  680 
,,         dimethyl  ether,  680 
„         methyl  ethyl  ether,  680 
Ethylidenedibenzamide,  740 
Ethylideneurea,  741 
Ethylidenic  bromide,  156 
,,  chloride,  155 

„  cyanide,  175 

,,  iodide,  158 

Ethylisoamyl,  140 
Ethylisobutyl,  140 
Ethylmethylbenzene,  286 
Ethylmethylcarbinol,  439 
Ethylmethylethylene,  450 
Ethylnaphthalene,  355 
Ethylphenol,  493 
Ethylphenyl,  284 
Ethylphenylacetylene,  369 
Ethyl phenylethylene,  342 
Ethylvinyl  bromide  (a-dibromotetrane),  1 6 1 
Eucalin,  or  eucalyptose,  590  ^ 
Eucalypton  (melitose),  615 
Eugenol,  241,  684 
Eulyte,  971 
Eupion,  139 
Everitt's  white  salt,  93,  107 

Fecula  (starch),  616 
Fennel,  oil  of,  241 
Ferrous  dipotassic  ferricyanide,  107 
,,  ,,         ferrocyanide,  107 

Ferric  cyanide,  102 

,,      formacetonitrate,  824 

,,      formonitrate,  824 

„     succinate,  927 


Ferricyanides,  102 

M  table  of,  106 

Ferrocyanides,  102 

,,  table  of,  104 

Filling  combustion  tube,  1 7 
Fixed  oils,  222 
Flavopurpurin,  806 

,,  diacetyl-,  807 

,,  triacetyl-,  807 

,,  tribromo-,  807 

Fluavil,  246 
Fluorene,  365 

,,         bromo-,  dibromide  of,  365 
Formal  (methylal),  680 
Formates,  823 
Formethylamide,  746 
Formionitrile  hydrochloride,  94 
Formonetin,  698 
Formulae,  empirical,  35 
,,         graphic,  44" 
,,         molecular,  36 
Fractional  crystallization,  6 
,,         distillation,  7,  1000 
,,         precipitation,  6 
,,         saturation,  7 
,,         solution,  6 
Frangulin,  694 
Frankincense,  common,  226 
Fraxetin,  695 
Fraxin  or  paviin,  694 
Fucusaldehyde  (fucusol),  767 
Fucusamide,  767 
Fucusine,  767 
Fucusol,  767 
Fulminates,  123 

,,  constitution  of,  176 

Fumaric  chloride,  968 
Furfuraldehyde  (furfurol),  766,  loio 
Furfuramide,  767 
Fuifurine,  767 

Furfurol  or  furfuraldehyde,  766 
Furfuryl  compounds,  constitutioa  of,  996 
Furnace,  combustion,  13 
Fusel  oil,  445 

Galactose,  585 

Galbanum,  oil  of,  242 

Galipot  (white  resin),  226 

Gallotannin,  703 

Gas -coke,  247 

Gas  combustion  furnace,  13 

Gaseous  mixtures,  analysis  of,  32 

Geissler's  potash  bulbs,  16 

Gin,  432 

Githagin  (saponin),  701 

Globularetin,  695 

Globularin,  695 

Glucose  (grape-sugar),  577 

,,      artificial,  590  ^ 

,,      in  the  blood,  643 

,,      optical  properties  of,  578 
Glucosides,  686,  1009 
Glycerin  (see  Glycerol), 
Glycerol,  or  glycerin,  537,  1007 

„       amylic,  547 
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Glycerol,  dibromhydrins  of,  542 
,,        dicblorhydrins  of,  541 
diethylinof,  682,  685 
,,       distillation  of,  538 
,,       fermentation  of,  545 
,,       iodhydrins  of,  543 
,,       moiiallylin  of,  685 
,,       monochlorhydrin  of,  541 
,,       monethylin  of,  682,  685 
,,       phosphate,  540 
,,       preparation  of,  538 
,,       produced  by  fermentation,  538 
„       sodium-,  539 
,,       sulphate,  540 
,,       ethlylin  of,  685 
,,       trinitrate,  54O 
Glycidamine,  542 
Glycide,  682 
Glycine  (glycocoll),  866 
Glycines  or  amido-acids,  864,  et  seq. 

,,        properties  of,  865 
Glycocine  (glycocoll),  866 
Glycocoll  or  glycine,  866 
Glycogen,  641,  1009 
Glycol,  509,  1006 

chloromethyl-,  541 
chloro-a-propylenic,  541 
diethylenic,  513 
dimethyl-,  516 
dimethyl-a-  butylenic,  5 1 7 
dimethyldibutyl-,  517 
dimethyldiisopropyl-,  517 
dimethyldipropyl-,  517 
ethyl-,  516 
ethylisopropyl-,  516 
isopropyl-,  516 
methyl-,  515,  1006 
methyl-a-propylenic,  515 
monethylin,  683 
octylenic,  517 
a-propylenic,  514 
iS-propylenic,  515 
propylmethyl-,  517,  1006 
tetramethyl-  (pinacone),  516 
tetraisopropyl-,  517 
tetraphenyl-,  786 
tetrapropyl-,  517 
triethyleuic,  513 
trimethyl-,  516 
xylene-,  533 
Glycolamide,  883 
Glycolic  bromhydrin,  512 
,,       chloracetin,  512 
,,       cjilorhydrin,  511 
,,       monacetin,  510 
Glycolide,  883 
Glycols,  504 

amylenic,  516 
aromatic,  519 
classification  of,  506 
methods  of  preparation,  505 
polyethylenic,  5 1  2 
properties  of,  507 
Glycyrretiu,  695 
GlycyrrhLzin,  695,  1009 


Glyoxal,  or  oxalic  aldehyde,  768 
Glyoxaline,  769 

,,  tribromo-,  769 

Gold  {see  Aureus) 
Grape  sugar  (glucose),  577 
Graphic  formulae,  44 
Gratioleretin,  695 
Gratioletin,  695 
Gratiolin,  695 
Gratiosoleretin,  695 
Gratiosoletin,  695 
Gratiosolin,  695 

Guaiacol  (methoxycatechol),  683 
Gum  arable,  652 

,,    British,  623 

,,    thus,  226 

,,    tragacanth,  654 
Gums,  651 
Gun  cotton,  649 
Gutta,  246 
Gutta  percha,  245 

Halogen  acids,  action  of,  on  carbon  com- 
pounds, 82 
Halogens,  action  of  on  carbon  compounds, 

78       .      .  ■        .  . 

Haloid  derivatives  of  acids  of  the  succinic 
series,  934 
,,  „  ,,  the   acetic 

series,  857 
,,  ,,         cyanoparaffias,  176 

,,  „         ethane,  155 

,,  ,,         ethylene,  200 

,,  ,,         hydrocarbons,  52 

„  ,,         methane,  151 

,,  ,,         nitroparaffios,  169 

„  „         paraffins,  147 

„  ,,         propane,  158 

„  „         propylene,  203 

„  ,,         tetranes,  j6i 

,,       ethers,  52 
,,       phosphorus  compounds,  action   of, 

on  carbon  compounds,  8r 
,,       salts,  58 
Helicin,  695,  1009 

„       benzo-,  695,  699 
,,       monobrom-,  695 
,,       monochlor-,  695 
,,       tetracetyl-,  695 
"       tetrabenzoyl-,  695 
HelicoJdin,  696 
Helleborein,  696 
Helleboresin,  696 
Helleboretin,  696 
Helleborin,  696 
Heptaldehyde  (oenanthol),  75  r 
Heptane,  haloid  derivatives  of,  163 
,,         dichlor-,  163 
,,         a-iso-,  140 
,,         monochlor-,  163 
,,         normal,  140,  rooo 
Heptanes,  140 
Heptene  (heptylene),  196 
Heptylene  (oeuanthylene),  196,  100 ^ 
Heptylcarbinol,  456 
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Heptylic  chloride,  163 
Hesperetin,  696 
Hesperidene,  240 
Hesperidin,  696 
Heterologous  series,  63 
Heveene,  244 
Hexabromhexylene,  300 
Hexadecane,  141 

,,  haloid  derivatives  of,  163 

,,  moniod-,  163 

,,  monobrom-,  163 

,,  monochlor-,  163 

Hexads,  42 

Hexahydroanthracene,  355 
Hexahydrometaxylene,  791 
Hexahydropyrene,  367 
Hexaldehyde,  isoprimay,  751 

,,  normal,  751 

Hexamethylenamine,  725 
Hexane,  dibrom-,  163 
,,       dichlor-,  517 
,,       hexachlor-,  163 
,,       a-iso-,  140 
,,       /3-iso-,  140 
riso-,  140 
,,       5- ISO-,  140 
,,       moniod-,  163 
,,       monochlor-,  162 
,,       normal,  139 
,,       tetrabrom-,  220 
„       tetriod-,  220 
Hexane  glycines  or  leucines,  870 
Hexanes,  139 

Hexdecaldehyde  (palmitic  aldehyde),  75 1 
Hexene  (hexylene),  195 
Hexoylene,  220,  1002 
Hexoxydiphenyl,  562 
/3-Hexylbenzene,  296 
/3-Hexylcarbinol,  454 
Hexylene  (caproylene),  195",  looi 
,,       hexabrom-,  300 
,,       hexachlor-,  305 
Hexylenic  oxide,  679 
Hexylic  chloride,  162 

,,       iodide,  163 
Hexylmethylcarbinol,  primary,  456 
Hofmann's  gas  furnace,  1 3 

,,         method    for   vapour    densities, 
36,  1000 
Homocatechol  monomethylin,  684 
Homologous  series,  50 
Homologues  of  benzene,  278 

,,  ,,         brorao  -  derivatives 

of,  322 
,,  ,,         chloro  -  derivatives 

of,  318  _ 
,,  ,,         iodo    -  derivatives 

of,  322 
Homopyrocatechin,  532 
Humus,  646 
Hydramides,  720 
Hydranisoin,  764 
Hydranzotin,  881 
Hydrazulmin,  89 
Hydric  argentic  fulminate,  1 24 


Hydric  auricyanide,  102 

„      cyanate,  116 

,,      cyanide,  90 

,,      platinocyanide,  114 
Hydrobenzamide,  756 
Hydrobenzoin,  535,  1006 

»»         .    iso-,  535 

Hydrobryoretin,  690 

Hydrocarbons,  49,  50 

„  acetenylbenzene  series,  343 

,,  acetylene  series,  208 

,,  anthracene  series,  370 

,,  benzene  series,  246 

„  benzyluapthalene  series,  383 

,,  cinnamene  series,  340 

,,  chrysene  series,  386 

,,  cyauo-derivatives  of  the,  52 

,,  dinaphthyl  series,  388 

,,  diphenyl  series,  355 

,,  general  review  of  the,  391, 

1004 
,,  haloid  derivatives  of  the,  52 

,,  idrialene  series,  390 

,,  isologous  series  of,  51 

, ,  naphthalene  series,  345 

,,  nitro-derivatives  of  tbe,  52 

,,  define  series,  177 

,,  paraffin  series,  126 

,,  pyrene  series,  383 

,,  stilbene  series,  364 

„  terpene  series,  222 

Hydrocellulose,  650 

Hydrochloric  acid  type,  69 

Hydrocinnamide,  768 

Hydrocoerulignone,  562,  800 

Hydrocyanaldin,  738 

Hydrogen,  estimation   of,   in  carbon  com- 
pounds, 12 
,,         nascent  action  of,  75 
,,         substitution  for,  78 
type,  68 

Hydrogratiosoleretin,  695 

Hydrohexaglyoxal,  769 

Hydronaphthaquinone,  534 

Hydroparoxybenzoin,  763 

Hydrophlorone,  533 

,,  dichloro-,  526 

Hydropiperoin,  765 

Hydroquinone,  or  quinol,  525 

,,  haloid  derivatives  of,  525 

,,  munochloro-,525 

,,  tetrabrom-,  526 

,,  tetrachlor-,  526 

,,  tribrora-,  526 

,,  trichlor-,  526 

Hydro vanilloin,  765 

Hydroxethylenamine,  677 

Idrialene,  390 

,,  series  of  hydrocarbons,  390 

,,  trinitro-,  390 

Idrialite,  390 
Idriaquinone,  390 
Imidocaprylonitrile,  871 
Imidocaprylimide,  871 
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Imides,  acid,  59 

India-rubber,  or  caoutchouc,  243 

,,  vulcanized,  244 

Indie  cyanide,  99 
IkosoI,  or  inosite,  560 
Intei'cellular  substance,  645 
Inulin,  637 

,,     action  of  acids  on,  640 
Inuloid,  641 
Inverted  sugar,  584 

Iodine,  determination   of,  in   carbon  com- 
pounds, 28 
„       triacetate,  850 
Iodoform,  154 
Iridicyanides,  115 
Iron  salts  {see  Ferric  and  Ferrous) 

,,    cyanides,  102 
Isoallylene,  218 
Isoamylmethyl,  140 
Isoamylic  aldehyde,  750 
„         hydride,  139 
,,        oxalate,  923 
Isobutane,  138 
Isobutylene,  138,   looi 
Isobutylcarbinol,  445 
Isobutylic  carbamate,  880 

,,        cyanoformate,  879 

,,        oxalate,  923 
Isobutylisoamyl,  141 
Isobutyl-/3-isoamyl,  14 1 
Isobutylmethyl,  139 
Isobutyiic  aldehyde,  749 
Isocholesterin,  497 
Isodiphenylbenzene,  385 
Isodulcite,  or  isodulcitol,  555,   1007 
a-Isoheptane,  140 
a-Isohexane,  140 
/S-Isohexane,  140 
7-isohexane,  140 
5-Isohexane,  140 
Isohydranisoi'n,  764 
Isohydrobenzoin,   535 
Isohydropiperoin,  765 
Isologous  series,  5 1 
Isomeric  compouuds,  41 
Isomerism,    insufficiency    of    the    present 
theory  of,  983 

, ,       Van  t' Hoff-Le  Bel  hypothesis,  983 
Iso-orcin,  532 
Isopentane,  139 
Isophloretin,  699 
Isophlorizin,  699 
Isophorone,  600 
Isoprene,  220 

,,       terpene  from,  234 
Isopropacetaldehyde,  750 
Isoprjpylaaetylene,  219 
I  sopropyl benzene,  286 
Isopropylcarbinol,  438 
Isopropyldimethylcarbinol,  454,  1005 
Isopropylethylene,  193,  450 
Isopropylethylmethylcarbinol,  562 
Isopropylic  bromide,  159 

„  chloride,  158 

„         iodide,  160 


Isopropylmethylcarbinol,  450 
Isopurpurin,  806 

„  dibrom-,  806 

Isostilbene,  367 
Isoterebenthene,  230 

,,  dihydrochloride,  230 

„  monohydrochloride,  230 

Isotetraldehyde,  749 
Isovaleric  aldehyde,  750 
,.         cyanide,  853 
„        peroxide,  856 

Jala  PIN,  6q6 
Jalapinol,  697 
Juniper,  oil  of,  239 

Kekule's  benzene  symbol,  338 
Ketone  dibenzyl-,  787 

,,  di-dimethylamidophenyl-,  786 

,,  dimethyl-  (acetone),  778 

„  dinaphth>l-,  788 

„  diphenyl-,  786 

„  diphenylene-,  789 

,,  ethylbenzyl-,  785 

,,  ethylphenyl-,  785 

„  ethylenediethyl-,  789 

,,  isopropylbenzyl-,  786 

„  isopropylphenyl-,  785 

„  methylbenzyl-,  785 

,,  methylcinnamyl-,  789 

,,  methylnitrosoethyl-,  915 

„  metbylnitrosopropyl-,  915 

,,  niethylnonyl-,  783 

„  methylphenyl-  (acetophenone),  785 

,,  methylphenethyl-,  785 

,,  niethyl-tertiary-butyl-,  783 

,,  nitrosodi  methyl,  915 

,,  paraditolyl-,  787 

,,  phenylbeuzyl-  (deoxybenzoi'n),  787 

,,  phenylcymyl-,  787 

,,  phenyliiaphthyl-,  787 

,,  pLiCnylenediethyl-,  789 

,,  propylphenyl-,  785 

,,  tolylphenyl-,  786 
Ketones,  60,  770 

„       action  of  nitric  acid  on,  loio 
,,       aromatic,  785,  786 
,,       of  the  acetic  series,  778,  783 
,,       formation  of,  771,  loio 
„        properties  of,  774 
Klumene  (acetylene),  209 

Lactamide,  891 
Lactates,  889 
Lactide,  890 
Lactin  (milk  sugar),  609 
Lactocaramel,  610 
Lacton  (milk  sugar),  609 

„      acetates,  585,  611 

,,       inversion  of,  610 

,,      metallic  derivatives  of,  610 

,,      octacetate,  6x0 

,,      reducing  powers  of,  611 
Lactose  (milk  sugar),  609,  1008 
Lactose  or  galactose,  585 
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a-Lactose,  586,  1008 
/3-Laetose,  586 
Lactylurea,  739 
Lsevoglucose,  584 
Lsevulosan,  585 
Lsevulose,  584 

,,         calcium,  compound  of,  584 
Laserol,  959  note 
Laserpitin,  909  note 
Laurene,  296 
Lavender,  oil  of,  242 
Lead  salts  {see  Plumbic) 

,,     sugar  of,  827 
Lecanorin,  528 
Lees,  942 

Lemons,  oil  of,  240 
Leucine,  870 
Leucogallol,  549 
Liebig's  potash  bulbs,  16 
Light  naphtha,  253 

,,  „         constituents  of,  253 

Ligneous  matter,  645 
Lignite,  destructive  distillation  ot,  254 
Ligustrin,  or  syringin,  702 
Linuemann's  apparatus,  9 
Lime  salts  {see  Calcic), 
Limited  oxidation,  72 
Lonicerin,  or  xylostein,  704 

Mace,  oil  of,  240 

Magnesic  platinocyanide,  1 1 3 

„         trimethacetate,  833 
Magnetic  iron  cyanide,  105 
Mairogallol,  549 
Malates,  940 
Malonates,  925 

Maltose  or  starch  sugar,  612,  1008 
Manna,  536 

„       trehala-,  613 
Mannite  or  manitol,  556,  585,  588,  655 

,,        dibromhydrin,  557 

,,        dichlorhydrin,  557 

,,        hexacetate,  557 

„        hexanitrate,  557 
Marignac's  oil,  1 70 
Marsh  gas  (methane),  1 33 

, ,  series  or  paraffins,  50 

,,  or  methane  type,  70 

Melampyrite  (dulcitol),  558 
Melene,  199 

Meleziton  or  melezitose,  614 
Melin  (rutin),  700 
Melitose  or  eucalyptose,  615 
Menhaden  oil  soap,  destructive  distillation 

of,  257 
Mentheue,  221 
Menthol,  242,  467 
Menyanthin,  697 
Menyanthol,  697 
Mercaptan,  or  thioalcohol,  661 
Mercaptans  or  thioalcohols,  54,  659 
Mercurailylic  iodide,  207 
Mercuric  cyanide,  100 

„        fulminate,  124 

,,       oxy cyanide,  loi 


Mercuric  sulpbocyanate,  120 
Mesitol,  494 
Mesityl  oxide,  788 
Mesitylene,  287 

„  bromo-,  321 

,,  dichloro-,  319 

,,  dinitro-,  326 

,,  monochloro-,  319 

,,  nitro-,  326 

oxy-,  494 
,,  tribromo-,  321 

,,  trichloro-  319 

,,  trinitro-,  326 

Mesitylenes,  chloro-,  319 
Meta-,  meaning  of  prefix,  303,  note 
Metacetone,  601,  788 
Metachloral,  743 
Metacresol,  491 
Metacrolein,  753 
Metaldehyde,  732 
Metallic  salts,  58 
„       type,  63 
Metameric  compounds,  41 
Metarabin,  651 
Metethaldehyde,  732 
Methaldehyde,  723 
Methaldehydrol,  509 
Methane,  bromotrinitro-,  170 
chloronitro-,  170 
dibenzyl-,  363 
di  bromo-,  153 
dichloro-,  151 
dichlorocyanonitro-,  r  70 
dichlorodinitro-,  170 
dichloronitro-,  170 
diiodo-,  154 
dimesityl,  363 
dinaphtbyl-,  389 
diphenylene-,  365 
diphenyltolyl-,  386 
ditolyl-,  363 

haloid  derivatives  of,  151 
moniodo-,  154 
monobromo-,  153 
monochloro-,  151 
naphthylphenyl-,  383 
nitro-,  164 

phenylenediphenyl-,  387 
series  (paraffins),  50 
tetrabromo-,  154 
tetrachloro,  153 
tetraiodo  ,  154 
tetranitro-,  1D9 
tetraphenyl-,  390 
tribromo-,  153 
tribromonitro-,  170 
trichloro-,  151,  1000 
trichloronitro-  (chloropicrin),  170 
tricyano,  175 
triiodo-,  154 
trinitro-,  169 
,,       triphenyl-,  385 
Methenylammonic  chloride,  94 
Methethacetaldehyde,  750 
Methylal,  680 
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Methylalizarin,  807 
Metliylanthracene,  382 

,,  dibromo-,  382 

Methylanthraquinone,  382,  807 
Methylated  spirit,  432 
Methylbenzene,  or  toluene,  283 
Methylcarbinol  (alcohol).  425 
Methylchloracetol,  158 
Methyldiethylcarbinol,  454 
Methyldiethylethylene,  197 
Methyldiphenyl,  369 
Methyl-|8-diphenylethane,  363 
Methyldipropylbenzene,  297 
Methylenedimethyl  ether,  or  methylal,  680 
Methylenic  bromide,  153 
,,  chloride,  151 

,,  iodide,  154 

Methylethyl,  or  propane,  138    ' 
Methylethylene,  190 
Methylethylethylene,  195 
Methylic  acetate,  847 

,,  aery  late,  957 

,,         alcohol,  422 

„         aldehyde,  723 

„         bromide,    153 

,,         chloride,  151 

,,         carbonate,  880 

,,         citrate,  953 

,,         cyanoformate,  879 

,,         fumarate,  969 

,,         hydrate,  42^ 

,,         hydride  or  methane,  133 

,,         iodide,  154 

,,         maleate,  969 

,,         oxalate,  923 

,,         oxide  or  ether,  667 

,,         selenide,  713 

,,         sulphide,  708 

,,         telluride,  714 
Methylhexylcarbinol,  456 
Methylnaphthalene,  354 
Methylnitrosoethylketone,  915 
Methylphenol  (cresol),  491 
Methylphenylcarbinol,  492 
Methylphenylethylene,  342 
Meyer's  method  for  vapour  densities,  1000 
Microscope,  use  of,  4 
Milk  sugar,  585,  1008 
Mineral  naphtha,  146 
Mixed  types,  71 
Molecular  formula,  36 

,,  ,,         distinguished  from  em- 

pirical formula, 39,  40 
,,  ,,        relations  of,   to  vapour 

density,  38 
,,       weight  defined,  38 
Molecule,  monatomic,  diatomic,  &c.,  44 
Molecules  distinguished  from  atoms.  42,44 
Monacetin,  676 
Monads,  42,  44 
Monatomic  molecule,  44 

„  radicle,  44 

Monodichloracetic  chloride,  859 
Monochlorhydrin,  541 
Mononitro-paraflBns,  164 


Mucilage,  654 
Murrayetin,  697 
Murrayin,  697 
My  con,  or  mycose,  613 
My  cose  (trehalose),  613 
Myristicol,  240,  467 
Myrosin,  697 

Naphtha,  coal-tar,  247,  252 

„        light-,  253 

,,        mineral-,  146 
NapJithaleue,  345 

,,  acetylene-,  364 

,,  benzyl-,  383 

,,  chlorides  of,  351,  et  seq^ 

,,  constitution  of,  346 

„  dibromo-,  353 

,,  dichloride,  351 

,,  dichloro-,  352,  498 

„  dicyano-,  354 

,,  dinitro-,  354,  502 

,,  dinitro- a-chloro-,  352 

,,  enneachlorodi-,  352 

,,  ethyl-,  353 

,,  homologues  of,  354 

,,  isomeric   substitution    deriva- 

tives of,  348 

„  methyl-,  344 

„  moniodo-,  353 

,,  monobromo-,  353 

,,  monochloro-,351,  352, 353/498 

,,  tetrachloride  of,  352 

,,  monocyano-,  354 

,,  mononitro-,  353 

,,  pentabromo-,  353 

,,  pentachloro-,  350 

,,  perchloro-,  352 

phenyl-,  383 

,,  phenylene-  (pyrene),  383 

,,  series  of  hydrocarbons,  345 

,,  tetrabromo-,  353 

,,  tetrachloride,  351,  562 

,,  tetrachloro-,  352 

„  tetrahydride,  343 

,,  tetranitro-,  354 

,,  tribromo-,  352 

,,  trichloro-,  354 

Naphthalenes,  bi-omo-,  353 

,,  chloro-,  351,  1004 

,,  cyano-,  354 

,,  nitro-,  353 

Naphthaquinol,  534 
Naphthaquinone,  799,  800 

,,  dichloro-,  800 

dioxy,  799 
,,  oxy-,  799 

Naphthazarin,  799 
Naphtherythrol  554, 

Naphthol  derivatives,  constitution  of,  501 
Naphthols,  497 

,,         amide-,  499 

,,         diamido-,  500 

,,         diimido-,  500 

,,         dinitro-,  500 

,,         nitro-,  499 
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Naphthols,  nitroso-,  499 

,,         oximido-,  500 
Naphthonitrile,  354 
Naphthylic  cyanide,  354 
Naphthylphenylmethaae,  383 
Naquet's  rule,  47 
Nascent  hydrogen,  action  of,  75 
Nataioin,  808 
Neroli,  oil  of,  240 
Nickelous  cyanide,  99 
Nitric  acid,  action  of,  82 
Nitriles,  properties  of,  173 

,,       table  of,  172 
Nitro-derivatives  of  the  hydrocarbons,  52 
Nitroform,  167 

Nitrogen,  analysis  of  carbon  compounds 
for,  22 
,,         Dumas' method  of  determining, 

^5 
,,         determination,      by      relative 
volumes,  26 
,,  „  method  of  Will 

and  Varentrapp,  23 
Nitrolic  acids,  167 
Nitroparaffins,  reactions  of,  165 
„  haloid-,  169 

,,  table  of,  164 

Nitroprussides,  no 
Nitrosodimethylketone,  915 
Nitrous  acid,  action  of,  82^ 
Nonanes,  141 
Nonene  (uonylene),  197 
Nonylacetylene,  222 
Nonylene,  197 
Nutmeg,  oil  of,  240 

Octane,  haloid  derivatives  of,  163 
,,        moniodo-,   163 
,,        monobrom-,  163 
„        monochlor-,  163 
„        normal,  140 
Octaneglycine,  870 
Octyleue,  1002  , 

Octylic  bromide,  163 
,,     chloride,  163 
,,     iodide,  163, 
ffinanthol,  751 
QBnanthylidene,  221 
Oil,  bone,  258 
,,  dead,  252 
,,  Dippel's,  258,  1003 
„  fusel,  445 
,,  -gas,  191 
,-,  Marignac's,  170 
,,  of  turpentine,  225 

English,  234 
,,  ,,  French,  226 

,,  rock,  146 
Oils,  drying  and  non-drying,  962 
,,    essential,  222  {see  Essential  Oils) 
,,    fixed,  222 
,,    volatile,  222 
Oleates,  963 

Olefiant  gas  (ethylene),  183 
Olefines,  177 


Olefines,  formation  of,  178 

,,        haloid  derivatives  of,  199 
,,        isomerism  of,  182 
,,        polymerization  of,  198 
,,        properties  of,  180,  1 001 
Oleins,  964 
Ononetin,  698 
Ononin,  698 
Ouospin,  698 

Optically   active  substances   sp.    rotatory 
power  of,  569 
,,         active    substances,    constitution 
of,  989 
Orange  peel,  oil  of,  240 
Orcin  or  orcinol,  527 

,,     constitution  of,  530,  1006 
,,     dibromonitro-,  532 
,,     haloid  derivatives  of,  531 
,,     isomerides  of,  532 
,,     moniod-,  531 
,,     monobrom-,  531 
,,     nitro-derivatives  of,  531 
,,     pentabrom-,  531 
,,     pentachlor-,  531 
,,     tribrom-,  531 
,,     trichlor-,  531 

,,     triiod-,  531  .       ■ 

,,  trinitro-,  532 
Orcinols,  519,  1006 
Oreosolin,  959  note 
Organic  analysis,  principle  of,  1 1 

,,         ,,         of  a  solid  not  containing 

nitrogen,  13 
,,     chemistry,  49 

,,  ,,         distinction  from   inor- 

ganic, 1 
,,     compounds,  nature  of,  i 
Organized  bodies,  2 
Organo -metal lie  compounds,  63 
Ortho-,  meaning  of  prefix,  303,  note 
Orthobenzyltoluene,  362 
Orthocresol,  491 
Orthodiethylbenzene,  293 
Orthodimethylbenzene,  492 
Orthodiphenylbeuzene,  585 
Oxalates,  922 
Oxaldines,  721 
Oxamide,  89 
Oxidation  limited,  72 
Oxidizing  agents,  72 

,,         ,,  action  of,  71,  72 

Oxybenzene  (phenol,)  475 
Oxychrysazin,  807 
Oxycymoquinones,  799 
Oxymetaxyloquinone,  798 
Oxypentadlin,  738 
Oxytetraldin,  738 
Oxytrialdiu,  737 


Palladiocyanides,  114 
Palladious  cyanide,  114 
Pamlitane,  14  r 

Para-,  meaning  of  prefix,  303,  note 
Parabenzyltoluene,  362 
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Paracresol.  491 

Paracyanogen,  89 

Paradibenzoylbenzene,  385 

Paradibenzylbenzenes,  385 

ParaJiethylbenzene,  293 

Paradiinethyldiphenyl  (paraditolyl),  361 

Paradipbenylbenzene,  385 

Paraditolyl,  361 

Pariesculetin,  687 

Paraffin,  141 

,,       beech  wood-,  143 

,,       decomposition  of,  by  heat,  144 

,,       manufacture,  141 

Paraffins,  50,  126 

,,         classification  of,  132 

, ,         constitution  of,  1 30 

,,         cyano-derivatives  of,   171,176 

,,  ,,  ,,  table  of,  172 

,,         haloid  derivatives  of,  147,  162 

,,  ,,      nitro -derivatives  of,  169 

,,         homologous,  table  of,  134 

,,         isocyano-,  table  of,  173 

,,         isomeric,  table  of,  134  . 

,,         isomerism  of,  132 

,,         modes  of  formation  of,  127 

,,         nitio-derivatives  of,  164,  looi 

,,         perchlorination  of,  1000 

Paraglobularetin,  695 

Paraldehyde,  731 

,,  constitution  of,  717 

Paramylon,  635 

Paranthracene,  377 

Parapropylmethyl benzene  (cymene),  289 

Pararabin,  651 

Parathioethaldehyde,  742 

Paratolylphenyl,  369 

Parethaldehyde,  731 

Paridiu,  698 

Paridol,  698 

Paristyphnin,  698 

Partial  saturation,  46,  47 

Patchouli,  oil  of,  297 

Paviin,  or  fraxin,  694 

Peat,  destructive  distillation  of,  257 

Pectinose,  589 

Pectous  substances,  654 

Pentads,  42 

Pentaldehyde,  normal,  750 
iso-,  750 

Pentane,  dibromo-,  193 
dichloro-,  162 
iso-,  139 
monochloro-,  162 
normal,  139 
tetrabromo-,  220 

Pentaneglycines,  869 

Pentanes,  139 

,,         haloid  derivatives  of,  162 

Pentene,  193 

Pentylene,  193 

Peppermint,  oil  of,  242 

Perissads,  47 

Perry,  433 

Persulphocyanogen,  120 

Petit  grain,  oil  of,  240 


Petroleum,  Rangoon,  146 
,,         Amei-ican,  146 
Peucedanin,  959  note 
Phaseomannite  (inosol),  560 
Phenaldols,  760 
Phenanthraquinol,  537,  811 
Phenanthraquinone,  378,  811,  loii 
Phenanthrene,  377 

constitution  of,  379,  1004 
di bromide,  379 
dibromo-,  379 
dinitro-,  379 
monobromo-,  379 
mononitro-,  379 
tetrahydro-,  361 
tribromo-,  379 
Phenanthrenehydroquinone,  537 
Phenanthrimidoquinone,  811 
Phenethaldehyde,  10 10 
Phenol  (carbolic  acid),  475 

,,       amidodinitro-  (picramic  acid),  478 
,,      amidDsulpho-,  derivatives  of,  483 
,,      benzyl-,  503 

,,      derivatives,  constitution  of,  485 
,,      diamido-,  478 
,,       diamidonitro-,  478 
,,      dichloro-,  480 
,,       diiodo-,  481 
,,       dinitro-,  476 
,,      dinitrometabromo-,  334 
,,      ethyl-,  493 

,,      haloid  nitro-derivatives  of,  482 
,,  ,,     sulpho-derivatives  of,  483 

,,      metabromo-,  481 
,,      metachloro-,  480 
,,      metanitro-,  476 
,,      metiodo-,  481 
,,       methyl-  (cresol),  491 
,,      nitro-derivatives  of,  476 
,,      nitroso-,  477 

,,      nitrosulpho-derivatives  of,  483 
,,       orthamido-,  478 
,,      orthiodo,  481 
,,       orthobromo-,  481 
,,      orthochloro-,  480 
,,       orthonitro-,  476 
„      paramido-,  477,  478 
,,      parabromo-,  481 
,,      parachloro-,  480 
„      paraethyl-,  493 
,,      paraiodo-,  481 
,,      paranitro-,  476,  478 
,,      paraphenyl,  502 
,,      pentachloro-,  480 
,,      tetrabromo-,  481,  1005 
,,      tribromo-,  481 
,,      triiodo-,  481 
,,      trinitro-  (picric  acid),  476 
Phenols,  468,  1005 
amido-,  478 
bromo-,  481,  1005 
chloro-,  480 
dihydric  (orcinols),  519 
iodo-,  481 
methods  of  preparing,  470,  1005 
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Phenols,  nitro-,  476 

,,       properties  of,  472 
propyl-,  1006 
Phenoquinone,  446,  797,  1005,  loio 
Phenose,  559 

Phenyl,  355  [see  Diphenyl) 
Phenylacetylene,  343 
Phenylbenzsne,  355  {see  Diphenyl) 
Phenylbutylene,  342,  343 
Phenylcarbaminei  328 
Phenylcarbinol,  490 
Phenyl chloropropylene,  342 
Phenylcyanopropylene,  342 
Phenylethylene,  340  {see  Cinnamene) 
Pheoylethylic  acetate,  492 
Phenylglycerol,  552 
Phenyliodopropylene,  342 
Phenylmercaptan,  662 
Phenylnaphthalene,  383 
Phenylpropylcarbinol,  494 
Phenylpropylene,  342 
Phenylenedipheny'lmethane,  387 
Pheuylenenaphthalene  or  pyrene,  383 
Phenylenic  sulphides,  712 
Phenylic  acetate,  847 
,,       bromide,  300 
,,       carbonate,  818 

chloride,  305 
,,       cyanide,  327 
,,       disulphide,  713 
,,       hydride  (see  Benzene), 
,,       iodide,  311 
,,       isocyanide,  328 
,,       succinate,  928 
,,       sulphide,   711 
,,       sulphydrate,  662 
Phillygenin,  698 
Phillyrin,  698 
Phloramine,  551 
Phlorein,  551 
Phloretin,  698 

,,         nitro-,  699 
,,         tetrabromo-,  699 
Phlorizin,  69S 

Phloroglucin  or  phloroglucol,  550,  1007 
, ,  constitution  of,  551 

,,  tribromo-,  551 

triuitro-,  551 
Phlorol,  493 

Phlorone  (xyloquinone),  798 
Phlorozein,  698 
Phorone,  789 
Phosphonic  acids,  57 
Phosphorus,  determination   of,  in   carbon 

compounds,  26 
Phthalaldehyde,  770,  loio 
Phycite  (erythrol),  553 
Phylomelin  (rutin),  700 
Physiological  Chemistry,  2 
Picoline,  754 
Picroerytbrin,  528 
"Pieces"  (sugar),  596 
Pinacolic  alcohol,  453 
Pinacolin,  783 
Pinacone,  517 
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Pinipicrin,  699 
Pinite,  555 
Piperonal,  765 
Pitch,  coal  tar-,  252 
Platinicyanides,  1*14 
Platinocyanides,  113 
Plumbic  acetate,  827 

,,       aery  late,  956 

,,       cyanide,  99 

,,       formates,  823,  824 

,,       glycolate  or  hydroxyacetate,  883 

,,       malate,  940 

,,       propionate,  828 

,,       sulphocyanate,  119 
Polariraeter,  Jellett-Gornu's,  572- 
Polaristrobometer,  Wild's,  572 
Polarizing  apparatus,  569 

M     .         „  Broch's,  587,  note 

Polyatomic  molecule,  44 
Polygalin  (saponin),  701 
Polymeric  compounds,  41 
Polymerization  of  ethylene,  190 
))  olefines,  198 

Populin,  699 
Porter,  433 
Potash  bulbs,  16 
Potassic  acetates,  826 

,,       angelate,  960 

,,       argentic  cyanide,  100 

,,       auricyanide,  ro2 

,,       aurocyanide,  10 1 

, ,       chlorodioxyquinonesulphonate,  796 

,,       chromicyanide,  ri2 

,,       cobalticyanide,  112 

,,       cobaltocyanide,  11 1 

,,       cyanate,  117 

,,       cyanide,  96 

,,       cyanurate,  122 

,,       dichloroquinoldlsulphonate,  796 

,,       diraethacrylate,  960 

,,       dioxyquinonedisulphonate,  786 

,,       /3-etlwxypropionate,  889 

,,       euthiochronate,  796 

,,       ferricyanide,  105 

,,       ferrocyanide,  102 

,,       ferrous  cyanide,  102 

,,       iridicyanide,  115 

,,       isocyanate,  118 

,,       isosulphocyanate,  119 

,,       manganicyanide,  112 

,,       manganocyanide,  112 

„       mercuric  cyanide,  101 

,,       orthoformate,  824 

,,       osmiocyanide,  113 

,,       platinichlorocyanide,  114 

,,       platinicyanide,  114 

,,       platini-iodocyanide,  114 

,,       platinocyanide,  113 

,,       pyromeconate,  999 

,,       quinoldisulphonate,  796 

,,       sulphocyanate,  118,  119 

,,       tartrates,  944 

,,       tetroxybenzenedisulphona'e,  796 

,,       thiocronate,  796 

,,       thiosuccinate,  928 
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Potassic  tricliloroquinolsulphonate,  796 

,,       trimethacetate,  833 
Precipitation,  fractional,  6 
Proof  spirit,  427 
Propaldehyde,  747 
Propane,  138 

,,         bromiodo-,  161 
,,         bromonitro-,  166 
,,  chloriodo-,  161 

,,         chlorobromiodo-,  161 
,,         chlorodibromo-,  160 
,j         chloromonobromo-  161 
,,         dibromo-,  159,  ao6,  looi 
,,         dibrornodichloro-,  204,  205 
„         dibromonitro-,  167 
,,         dichloriodo-,  161 
,,         dichloro-,  158 
,,         diacyano-,  175 
„         diiodo-,  161 
,,         dinitro-,  168,  169,  lOoi 
,,         hexachloro-,  159 
,,         iodochloro-,  204 
,,         moniodo-,  160 
,,         monobromo-,  159 
,,         monochloro-,  158 
„         pentachloro-,  159 
,,         tetrabrorao,  160,  218 
,,         tetrachloro-,  159 
„         tribromo-,  160,  206 
,,         trichloro-,  159,  205 
„         trieyano-,  175 
,,         trinitro-,  169 
Propargylene,  222 
Propargylic  bromide,  468 
,,  chloride,  468 

,,  iodide,  468 

Propene  (propylene),  190 
Propheterin,  699 
Prophetin,  699 
Propine  (allylene),  217 
Propionitrile,  172 
Propylacetylene,  219 
Propylbenzene,  286 
Propylcarbinol,  438 
Propyldiethylcarbinol,  457 
Propyldimethylbenzene,  296 
Propyldimethylcarbinol,  454 
Propylene,  190 

,,         chlorobromo-,  206,  1002 

,,         dibromo-,  206 

„         dibrornodichloro-,  206 

„         dichloro-,  204,  516,  753 

,,         diiodo-,  208 

,,         moniodo-,  207 

,,         monobromo-,  205 

,,         monochloro-,  203 

a-phenyl-,  342 
,,         /3-phenyl-  (aliylbenzene),  342 
„         phenylchloro-,  342 
„         phenylcyano-,  342 
„         phenyliodo-,  342 
,,         polymerization  of,  191 
,,         tetrabromodichloro-,  207 
,,         tribromodichloro-,  207 
triiodo-,  208 


Prop ylenic  bromide,  159 
,,  chloride,  158 
„  cyanide,  175 
,,  iodide,  161 

,,         oxide,  678,  1009 
Propylethylcarbinol,  453 
Propylethylene,  193 
Propylethylmethylcarbinol,  562 
Propylic  alcohol  (see  Alcohol,  propylic) 
„       bromide,  159 
„       carbamate,  880 
,,       chloride,  158 
,,       hydride,  or  propane,  138 
,,       iodide,  160 
,,       oxalate,  923 
Propylidenic  bi'omide,  1 59 
,,  chloride,  158 

Propylmethylbenzene,  289 
Propyl methylcarbinol,  449,  1005 
Propylmethylmetatrioxybenzene,  552 
Propylpseudonitrol,  168 
Proximate  analysis,  4 
Prussian  blue,  107 

,,         ,,     basic,  107 
„         ,,     commercial,  109 
,,         ,,     soluble,  108 
„  „     Turnbull's,  109,  1000 

,,       green  (magnetic  cyanide),  105 
Prussiate  of  potash,  red,  105 

,»  „  yellow,  102 

Pseudobutylic  hydride,  138 
Pseudocumene,  288 

,,  brorao-,  321 

,,  nitro-,  326 

,,  tribromo-,  321 

,,  trinitro-,  326 

Pseudocumenol,  1006 
Purpurin,  805 

,,         iso-,  806 
Purpuroxanthin,  804 

,,  diacetyl-,  804 

,,  dibromo-,  804 

,,  dinitro-,  804 

Pyrene,  383 

,,       constitution  of,  384 
,,       dibromo-,  dibromide  of,  384 
,,       dinitro-,  385 
,,       hexahydro-,  369 
,,        mononitro-,  384 
,,       tetranitro-,  385 
,,       tribromo-,  384 
Pyrenequinone,  384,  811 
Pyrocatechin,  or  catechol,  524 
Pyrogarllol  (pyrogallic  acid),  547,  1007 
,,         constitution  of,  552 
,,         ether-alcohols,  1009 
,,         tribromo-,  548 
Pyrogalloquinone,  797 
Pyroxylic  spirit  (methylic  alcohol),  422 
Pyroxylin,  or  gun  cotton,  649 

QUANTIVALENCE,  42 

Quercite,  or  quercitol,  554 
,,         constitution  of,  560 
,,         peutacetate,  555 
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Quinhydrone,  797,  roio 
Quinizarin,  or  chinizarin,  376,  804 
Quinol,  or  hydroquinone,  525 
,,        constitution  of,  812,   101 1 
,,        diacetyltetrachloro-,  796 
,,        dichlorodioxy-,  796 

dimethyl-,  533 
,,        dinitro-,  689 

methylpropyl-,   533 
,,        monomethylin,  684 
,,        naphtha-,  534 
Quinone,  or  benzoquinone,  794 
dichloro-,  795 
,,         dichlorodioxy-  (chloranilic  acid), 

796 
,,         haloid  derivatives  of,  795 
,,         methyl-  (toluquinone),  798 
,,         methylpropyl-    (thymoquinone), 

798 
,,         monochloro-,    795 
,,         oxydimethyl-,  1 78 
pheno-,  797 
pyrogallo-,  797 
,,         tetrabromo-,  796 
,,         tetrachloro-,  796 
,,         trichloro-,  796 
Quinones,  793 
Quinova  bitter,  699 
„         sugar,  699 
Quinovin,  699 

Radicle,  64,  65 
Radicles,  compound,  64 

,,         Gerhardt's  theory  of,  65 

,,         monad,  66 

,,         monatomic,  &c.,  44 
Raffinose,  603 
Reagents,  action  of,  on  carbon  compounds, 

7» 

Reducing  agents,  75 

,,  ,,        action  of,  75 

Resin  soap,  239 
Resins,  239 

Resorcinol,  or  resorcin,  521 
diazo-,  523 

,,         dinitroso-,  523 

,,         haloid  derivatives  of,  522 
iodo-,  523 

,,         monomethylin,  684 

,,         mononitro-,  523 

,,         pentabromo-,  523 

,,         pentachloro-,  523 

,,         tribromo-,  523 

,,         trichloro-,  523 

„         trinitro-,  523 
Resorquinoue,  798 
Retene,  382 
Retistene,  382 
Rhamnegin,  700 
Rhamnetin,  700 
Rhamnin,  700 
Rhamnogenin    700 
Rhinanthin,  700 
Rhodicyanides,  115 
Rhodonates  (thiocyanates),  118 


Robinin,  700 

„        sugar,  700 
Rochelle  salt,  944 
Rock  oil  (naphtha),  146 
Rosemary,  oil  of,  2.42 
Rosewood,  oil  of,  297 
Rosin,  226 
Rubian,  802 
Ruficoccin,  691 
Rum,  432 

Rutheniocyanides,  113 
Rutin  (melin),  700 
Rutylene,  221 

Saccharine  group,  or  Saccharons,  592 
Saccharon,  or  cane  sugai-,  593,  1008 
Saccharons,  592 

,,  artificial,  615 

Saccharose,  (cane  sugar),  593 
Safrol,  241 
Sago,  622 
Salicin,    701 

,,       benzoyl-,  or  populin,  699 

,,       bromo-,  701 

,,       chloro-,  701 

,,       dichloro-,  701 

,,       perchloro-,  701 

,,       sodium-,  701 

,,       tetracetyl-,  701 
Salicylic  aldehyde,  or  salicylol,  760 

,,       aceto-,  762 

,,       bromo-,  761 

„       chloro-,  761 

,,       methyl-,  76 1 
Saligenin,  or  saligenol,  527 
,,        bromo-,  701 
,,        dichloro-,  527 
,,        monochloro-,  527 
Saligenols,  519 
Salts,  ethereal,  59 
^,,      haloid,  58 
,,      metallic,  58 
Sapogenin,  70  r 
Saponin,  701 
Sarcolactide,  892 
Sassafras,  oil  of,  241 
Saturated  compounds,  50 

,,      molecule,  44,  67,  note 
Saturation,  fractional,  7 
Savine,  oil  of,  239 
Scammonium,  696 
Seignette  salt,  944 
Selenaldine,  739 
Senegin  (saponin),  701 
Separation  by  solvents,  4 
Series,  heterologous,  63 
„       homologous,  50 

„       isologous,  51 
Sesquiterpenes  (CjgHjJ.  297,1004 
Silver  acetylide,  214,  215 

,,     dicyanimide,  118 
,,     salts  {see  Argentic) 
Sinalbin,  702,  1009 
Sinapisine  sulphate,  702 
Soap,  Menhaden  oil,  257 
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Soap,  resin-,  239 
Socaloin,  808 
Sodic  acetates,  826 
,,     aerylate,  956 
,,     cobalticyanide,  112 
,,     bydracrylate,  or  hydroxypropionate, 

886 
,,     hydroxy butyrates,  895 
„     lactates,  889 
,,     mangauocyanide,  112 
,,     nitroprusside,  11  r 
,,     orthoformate,  824 
,,     tartrate,  944 
,,     zincic  cyanide,  99 
Sodium  nitroethane,  165 
Solanicine,  702 
Solanidine,  702 
Solanine,  702 
Solution,  fractional,  6 
Solvents,  use  of,  in  proximate  analysis,  4 
Sorbin,  or  sorbinose,  589 
Sorbite,  559 
Spearmint,  oil  of,  242 
Specific  rotatory  power,  572 
Spirit  of  wine  (ethylic  alcohol),  425 
,,  ,,       methylated,  432 

,,  „      proof-,  427 

Spirits,  432 
Starch,  616,  1008 
,,     acetates,  624 
,,     action  of  acids  on,  633 
,,         ,,  malt  extract  on,  625 

,,     gelatinized,  623 
,,     grains,  composition  of,  617 
,,  ,,    formation  of,  618 

,,     nitro-derivatives  of,  625 
,,     -paste,  623 
,,     potato-,  620 
,,     properties  of,  622 
,,     rice-,  621 
,,     soluble,  623 
,,     sugar  (amy Ion),  612 
,,     torrefied,  623 
,,     wheat-,  621 
Stearopten  of  oils,  223  note 
Stilbene,  (toluylene\  366 
„         bromo-,  367 
,,         dibromide,  361 
„         homologues  of,  368 
„         iso-,  367 
,,         tribromo-,  367 
Stockholm  tar,  255 
Stout,  433 
Strontic  acetate,  826 
Struthin  (saponin),   701 
Styrol  (cinnamene),  340 
Styrolene  (einnamene),  340 
Suberone,  933 
Substitution  compounds,  78,  79 

,,  in  the  phenol  series,  489 

Succinates,  927 
Succinic  chloride,  927 
Sucrodextrose  (glucose),  577 
Sucrolsevulose  (laevulose),  584 
Sucrose  (cane  sugar),  593 


Sugar,  action  of  acids  on,  600 
„  bases  on,  601 

heat  on,  597 
beetroot,  594 

cane,  or  saccharon,  593,  1008 
'crushed,'  596 
diabetic,  583 

effect  of,  on  polarized  light,  597 
estimation  of,  605 
fermentation  of,  604 
in  the  blood,  643 
,,      urine,  583 
inversion  of,  601 
-lime,  598 
manufacture  of,  593 
metallic  derivatives  of,  598 
milk-  or  lacton,  608,  1008 
of  lead,  827 
quinova-,  699 
reducing  power  of,  605 
refining,  595 
robinin-,  700 
rotatory  power  of,  597 
separation  of  potash  salts  from,  596 
starch-,  or  amylon,  612,  1008 
Sulphine,  dibutyl-,  814 
diethyl-,  814 
diisobutyl-,  814 
diisoamyl-,  814 
dimethyl-,  814 
ethylamyl-,  814 
methylethyl-,  814 
paratolydi-,  814 
phenyldi-,  814 
Sulphines,  706,  814 
Sulphinic  acids,  57 
Sulpho-acids,  57 
Sulphobenzid,  815 

„  oxy-,  S15 

Sulphocarbonates,  880 
Sulphocyanates,  118 
Sulphone,  dibutyl-,  815 

dichlorophenyl-,  815 
diethyl-,  815 
dimethyl-,  815 

diphenyl-  or  sulphobenzid,  815 
ditolyl-,  815 
naphthyl-,  815 
paradioxyphenyl-,  815 
phenylnaphthyl-,  815 
Sulphones,  706,  814 
Sul phonic  acids,  57 

Sulphur,  determination  of,  in  carbon  com- 
pounds, 26 
,,         diethmethiodide,  710 
,,         dimethyl,  compounds  of,  710 
,,         ethmethiodide,  710 
,,         ethylmethylethyl,  compounds  of, 

710 
,,         triethiodide,  710 
,,         trimethiodide,  709 
Synanthrose,  636,  1009 
Synthesis  of  carbon  compounds,   I 
Syringenin,   702 
Syringin  (ligustrin),  702 
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Table  of  acetylene  series,  208 

acid   anhydrides    of    the   acetic 

series,  855 
acids   of  the  acetic   series,    20, 
840,  10 1 2 
5  J         ,,         acrylic  series,  953 
,,         ,,        glycolic  or  lactic 

series,  873 
>j         ,,        maleic  series,  q6y 
>>         J.         succinic  series, 9 18 
alcohols  of  the  benzene  series,  469, 
1005 
V  5>     ethy lie  series,  405, 

458,  1005 
aldehydes  of  the  acetic  series,  722 
>>  ,,     benzene  series,! 

755 
amines,  01 

amylic  alcohols,  /|/|/| 
anthracene     series     of      hydro- 
carbons, 370 
bases  from  bone  oil,  258 
benzene  series  of  hydrocarbons, 
278,  1003 
,,  ,,    substitution  deri- 

vatives of,  337 
brominated   derivatives  of  pro- 
pane, 159 


"                          ;> 

tetrane. 

»»                      >> 

159 
toluene. 

bromophenols,  481 
brouiotoluenes,  320 
carbamines,  173 

320 

chlorethanes,  156 

chlorinated  derivatives 

of  ethane, 

156 

>>                    >> 

propane, 

158 
toluene. 

3i» 
chlorobromopropanes,  160 
chlorophenols,  480 
chloropropanes,  158 
chiorotoluenes,  318 
cinnamene  series  of  hydrocarbons, 

340 
coal  tar  products,  251,  1003 
cyanic  acid  polymerides,  126 
cyanoparaffius,  172 
dlhaloid  derivatives  of  benzene, 

337 
dinaphthyl  series  of  hydrocarbons, 

388 
diphenyl  derivatives,  355,  357 
double  cyanides,  115 
ethereal     salts  of   acids  of  the 

acetic  series,  846 
ethers,  667 
ferricyanides,  106 
ferrocyanides,  104 
haloid  glycols,  5 1 8 

,,      cyano-derivatives   of    the 
paraffins,  176 


Table  of  haloid  derivatives  of  the  paraffins, 
150 

"  i>  ,,  methane, 

>»  >,        nitro-derivatives   of  the 
paraffins,  169 

"  >>     ^            »)       phenol,  483 

,,  heptylic  alcohols,  454 

,,  hexylic  alcohols,  452 

,,  homologous  series,  64 

)>  ,,          paraffins,  134 

,,  homologues  of  benzene,  278 

,,  hydrocarbons  of  the  acetylene  se- 
ries, 208 

5>  5,           anthracene  series,  370 

»»  ,,           benzene  series,  278 

>>  ,,           cinnamene  series,  340 

)»  ,,           dinaphthyl  series,  388 

».  ),           diphenyl  series,  355 

)j  ,,           idrialene  series,  390 

,j  „           naphthalene      series, 

345 

5,  ,,           define  series,  184 

>»  ,,           paraffin  series,  134 

),  ,.           pyrene  series,  383 

,,  ,,           stilbene  serieR,  364 

,,  ,,           from      Menhaden     oil 

soap,  257 

,,  iodophenols,  482 

,,  isocyano-paraffins,  173 

,,  isologous  hydrocarbons,  5  r 

,,  ,,        paraffins,  134 

,,  ketones  of  the  acetic  series,  784 

,,  ,,        aromatic  series,  785,786 

,,  mercaptans,  or  thioalcohols,  659 

,,  metallocyanic  radicles,  115 

, ,  monhydroxy-derivatives  of  acids  of 
the  acetic  series,  873 

,,  mononitrotoluenes,  325 

,,  nitrites,  172 

,,  nitro-haloid   derivatives    of   ben- 
zene,  331,  332 

,,  nitroparaffins,  164 

,,  nitrophenols,  477 

,,  nitrotoluenes,  325 

,,  octylic  alcohols,  456 

,,  defines,  178,  184 

,,  organo-metallic  compounds,  63 

,,  paraffins,  134 

,,  pentylic  alcohols,  444 

,,  phenols,  469,  1005 

,,  polymerides  of  cyanic  acid,  126 

,,  pyrene    series    of    hydrocarbons, 

383 
, ,       reactions  of  sodium  nitr o-paraffins, 

165 
,,       stilbene   series   of   hydrocarbans 

364 
,,       substitution    derivatives   ot    ben- 
zene, 337 
,,       thioalcohols,  659 
,,       thioethers,  704 
Tampicin,  703 
Tannins,  703 
Tapioca,  622 
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Tar,  coal-,  247 
,,    compounds  present  in,  251,  1003 
,,    distillation  of,  252 
,,    Stockholm-,  255 
,,    wood-,  254 
Tartar,  942 

,,      emetic,  944 
Tartrates,  944 
Terebene,  231,  1C02 

,,         monohydrochloride,  232 
,,         polymerization  of,  232 
Terebenthene,  226 

,,  austra-,  234 

,,  compounds     with      haloid 

acids,  227 
,,  dihydrochloride,  228 

,,  hydrobromide,  229 

,,  hydrochloride,  229 

,,  hydriodide,  229 

,,  iso-,  230 

,,   -  ,,     dihydrochloride,  230 

, ,  , ,     monohydrochloride, 

230 
,,  polymerization  of,  229 

Terecamphine,  active,  232 

,,  inactive,  233 

Terpene  from  isoprene,  234 
,,       hydrochlorides,  1002 
,,       monohydrates,  1003 
Terpenes,  222 

,,         artificial,  224,  J002 

,,         compounds  of,  with  water,  236 

,,         constitution  of,  290 

,,         from  aurantiacese,  240 

,,  ,,     caoutchouc,  244 

,,  ,,     labiataa,  242 

,,  ,,     lauracese,  240 

,,  ,,     myristicese,  240 

,,  ,,     umbelliferse,  24 1 

,,         natural,  225,  238 

,,         nitroso-,  236,  1003 

,,         oxidation,  products  of,  237 

sesqui-,  {G,,R^^),  297 
,,  leLiachioro-,  236 

Terpentine  hydrate,  237 
Terpin,  236 
Terpinol,  228 
Tetrads,  42,  45 
Tetrahvdrometaxylene,  221 
Tetrahydropheuanthrene,  361 
Tetraldehyde  (butyraldehyde),  747 
normal,  747 
,,  trichloro-,  749 

Tetraldol  (oxybutyric  aldehyde),  748 
Tetramethylallene,  221 
Tetramethylbenzene,  294 
Tetraraethjlethane,  140 
Tetramethylmethane,  139 
Tetrane,  dibromo-,  161 

haloid  derivatives  of,  161 
mouiodo-,  161 
monobromo-,  161 
monochloro,  161 
normal,  138 
tetrabromo-,  162,  219 


Tertane,  tribromo-,  162 
Tetraneglycine,  869 
Tetraphenol,  993 
Tetraphenylethane,  390 
Tetraphenylethylene,  391 
Tetraphenylglycol,  786 
Tetraphenylmethane,  390,  1004 
Tetraterebenthene,  229 

„  dihydrochloride,  230 

„  monohydrochloride,  23c 

Tetroxydiphenoquinone,  800 
Tetrylene  (butylene)  191 
Theory  of  compound  radicles,  64 
Thialdines,  721,  739 
Thioalcohoi  or  mercaptan,  661 
Thioalcohols  (mercaptans),  54,  659 
Thiobenzaldehydes,  759 
Thiocarbamates,  881 
Thiocarbonates,  880 
Thiocarvacrol,  662 
Thiocresols,  662 
Thiocyanates,  118 
Thioethers,  55,  704 
Thiofurfurol,  767 
Thioglycerol,  663 
Thioglycol,  662 
Thiomethaldehyde,  725 
Thionaphthols,  662 
Thiophenol,  662 

,,  parabromo-,  662 

Thioquinol,  663 
Thioresorcinol,  663 
Thiothymol,  662 
Thiourea,  119 
Thus,  gum-,  226 
Thyme,  oil  of,  242 
Thymene,  242 

Thymolhydroquinone  or  thymoquinol,  553 
Thymoilol  (thymoquinol),  533 
Thymol,  242,  494 
,,         dibromo-,  494 
,,         dinitro-,  494 
,,  pentabromo-,  494 

,,         pentachloro- ,  494 
,,         trinitro-,  494 
Thymoquinone,  798 

oxy-,  799 
Thujetin,  703 
Thujigenin,  703 
Thujiu,  703 
Tolaue,  381 

,,         bromides,  382 
,,         dibromide,  381 
,,         dichloride,  382 
,,         dimethyl-,  382 
,,         tetrachloride,  382 
Toluene,   283 

,,         cbloro-,  derivatives  of  the  homo 

logues  of,  318 
,,         diortbodinitro-,  325 
,,         metabrorao-,  319 
,,         metanitro-,  324 
,,         monobromo-,  320 
' ,,         nitro-haloid,  derivativeii  of,  332 
1004 


TOL 

Toluene,   orthobrorao-,  320 

,,         orthochloro-,  313 

,,         orthonitro-,  324 

,,         oi-thoparadinitro-,  325 

,,         parabromo-,  320 

,,         parachloro-,  313 

,,         paranitro-,  324 
Toluenes,  bromo-,  319 

, ,         chloro-,  3 1 1 

,,  dibrorao-,  320 

, ,         dichloro-,  3 1 4 

,,         dinitro-,  324 

,,         heptachloro-,  317 

,,  hexachloro-,  317 

,,         monobromo-,  319 

,,         monochloro-,  313 

,,         nitro-,  324,  1004 

,,         pentachloro-,  316 

,,         tetrachloro-,  316 

,,         tribromo-,  320 

,,         trichloro-,  314 

,,  trinitro",  325 
Toluhydroquinone,  533 
Toluquinone,  798 

,,  teirachloro-,  798 

Toluylene,  ^66  {see  Stilbene) 
Toluyl  hydrate,  503 
TolyJcarbinol,  492 
Tolylphenyl,  para-,  369 
Tolylpheoylcarbinol,  503 
Treacle,  594,  596 
TreLala  manna,  613 
Trehalose  (mycose),  6:3 
Triacetonalkamine,  780 
Triacetonamine-,  780 

,,  nitroso-,   780 

Triads,  42,  45 
Triamylenic  dibromide,  222 
Triargentic  cyan  urate,  122 
Triatomic  molecule,  44 

,,         radicle,  44 
Tribroraethaldehydrol,  514 
Tribromhydrin,  160 
Tribromobenzenes,  302 
Tribromoresorquinone,  523 
Trichloracetic  chloride,  859 
Trichlorethaldehydrol    (chloral  hydrate) 

513 
Trichlorhydrin,  159 
Trichlorobutaldehydrol,  516,  747 
Trichlorobutyric  aldehyde,  749 
Trichlorotetradehydrol,  516,  749 
Triethylbenzene,  296 
Triethylcarbinol,  455 
Trietbylmethane,  140 
Triferrpus  ferricyanide,  109 
Trihydroxethylenaraine,  677 
Triisobutylene,  193 
Trimethylbenzene,  287 
Trimethylcarbinol,  439 
Trimethylethylene,  194 
Trimeihylethylmethane,  140 
Trimethylmethane,  138 
Trioxymetaxylene,  552 
Trioxynai»hthaleae,  552 
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Triphenylbenzene,  390 

,,  monobromo-,  390      * 

,,  trinitro-,  ^90 

Triphenylcarbinol,  385,  504* 
Triphenylchlorometbane,'385 
Triphenylmethane,  385,  1004 
Turpentine,  collection  of,  225 
,,  larch,  239 

M  oil  of,  iiugiish,  225,  234 

>,  ,,     French,  225,  226 

,,  Strasburg,  239 

,,  Venice,  239 

Turpethin,  704 
Type,  ammonia,  69 

,,    hydrochloric  acid,  69 
,,    hydrogen,  68 
,,    marsh  gas,  70 
,,    metallic,  68 
,,     water,  69 
Types,  chemical  theory  of,  67 

,,       mixed,  71 
Typical  hydrogen,  71 
Tyrosine,  869 

Ultimate  analysis,  4,  1 1 
Unsaturated  compounds,  50 
Urethane  (ethylic  carbamate),  879 

Valency,  change  of,  47 

Valeral  or  valeraldehyde,  750 

Valeiylenes,  219,  1002 

Valylene,  223 

,,       dibromo-,  224 

Vanillin,  685,  692,  764 

Vapour  density,   Hofuiann's  method  for, 
36,  1000 
.,  ,,         Meyer's  method,  1000 

Varrentrapp  and  Will's  method  for  deter- 
mining nitrogen   23 

Vegetable  mucilage,  654 
,,       parchment,  650 

Veratrol,  682 

Vinegar  making,  824 

Vinylic  alcohol,  213 
,,       bromide,  20  r 
,,        chloride,  200 
,,        iodide,  202 

Volatile  oils,  222 

Vulcanite  or  ebonite,  244 

Waifa  or  Chinese  yellow,  700 
Warren's  still,  8 
Water  oven,  1 1 

„      type,  69 
Waters,  distilled-,  239 
W^hisky,  432 
Wine,  spirit  of  (alcohol),  425 

,,     varieties  of,  432 
Wines,  432 

,,      strength  of,  434 
Wood,  destructive  distillation  of,  254 

,,      spirit  (methylic  alcohol),  422 

,,      tar,  254 

Xanthogallol,  548 
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Xanthorhamnin,  700 

Xenols  or  xylenols,  492,  1005 

Xyloidin,  625 

Xylene,  285 

Xylene,  benzylmeta-,  363 
benzyl  para-,  363 
bromometa-,  321 
dichloro-,  319 
dinitrouieta-,  325 
glycol,  533 
meta-,  285 
metatrioxy-,  798 
monochloro-,  319 
ortho-,  285 
para-,  285 
tetrabromo-,  321 
trichloro-,  3r9 
trinitrometa-,  326 
trinitropara-,  325 

Xylenes,  bromo-,  321 


Xylenes,  chloro-,  318 

,,        constitution  of,  321 

,,        nitre-,  325 

,,         separation  of,  1003 
Xylenols  or  xenols,  492,  1005 
Xyloquinone  (phlorone),  798 
Xylostein,  or  lonicerin,  704 

Yellow,  Chinese-,  700 

Zanaloin,  808 
Zineic  butyrate,  830 

„     cyanide,  99 

,,     dimethethacetate,  834 

,,     hydracrylate  or  hydroxypropionate, 
887 

„ '   hydroxy  butyrate,  895 

,,     isobutyrate,  830 

,,     lactate,  889 

,,     trimethacetate,  833 


END    OF    SECTION    I. 
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Critical    and    Historical 

Essays  contributed  to  the  Edin- 
burgh Review.  By  the  Right  Hon. 
Lord  Macaulay. 

Cheap  Edition,  crown  8vo.  3^.  6^. 
Student's  Edition,  crown  Svo.  6j. 
People's  Edition,  2  vols,  crown  Svo.  8j. 
Cabinet  Edition,  4  vols.  24J. 
Library  Edition,  3  vols.  Svo.  36^. 

Lord  Macaulay's  Works. 

Complete  and  uniform  Library  Edition. 
Edited  by  his  Sister,  Lady  Trevelyan. 
8  vols.  Svo.  with  Portrait   ;^5.  5^. 


The  History  of  England 

from  the  Fall  of  Wolsey  to  the  Defeat 
of  the  Spanish  Armada.  By  J.  A. 
Froude,  M.A. 

Cabinet  Edition,  12  vols.  cr.  Svo.  £-},.  i2j. 
Library  Edition,  12  vols.  Svo.  ;^8.  i8x. 

The  English  in  Ireland 

in  the  Eighteenth  Century.  By  J.  A. 
Froude,  M.A.     3  vols.  Svo.  £2.  8x. 

Journal  of  the  Reigns  of 

King  George  IV.  and  King  William 
IV.  By  the  late  C.  C.  F.  Greville, 
Esq.  Edited  by  H.  Reeve,  Esq. 
Fifth  Edition.     3  vols.  Svo.  price  36^. 

The  Life  of  Napoleon  IH. 

derived  from  State  Records  Unpub- 
lished Family  Correspondence,  and 
Personal  Testimony.  By  Blanchard 
Jerrold.  In  Four  Volumes,  Svo.  with 
numerous  Portraits  and  Facsimiles. 
Vols.  I.  to  III.  price  \%s.  each. 

The  Constitutional  His- 
tory of  England  since  the  Accession 
of  George  III.   1760-1870.     By  Sir 

Thomas  Erskine  May,  K.C.B.  D.C.L. 
Fifth  Edition.    3  vols,  crown  Svo.  iSj. 

Democracy  in   Europe; 

a  History.  By  Sir  Thomas  Erskine 
May,  K.C.B.  D.C.L.  2  vols.  Svo.  32J. 
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Introductory  Lectures  on 

Modern  History  delivered  in  1841 
and  1842.  By  the  late  Rev.  T.  Arnold, 
D.D.     8vo.  price  7^.  6d. 

On  Parliamentary  Go- 
vernment in  England ;  its  Origin, 
Development,  and  Practical  Operation. 
By  Alpheus  Todd.  2  vols.  8vo. 
price  ;^ I.  1 7 J. 

History  of  Civilisation  in 

England  and  France,  Spain  and 
Scotland.  By  Henry  Thomas 
Buckle.     3  vols,  crown  8vo.  24J. 

Lectures  on  the  History 

of  England  from  the  Earliest  Times 
to  the  Death  of  King  Edward  II. 
By  W.  Longman,  F.S.A.  Maps  and 
Illustrations.     8vo.  15^. 

History   of   the    Life  & 

Times  of  Edward  III.  By  W.  Long- 
man, F.S.A.  With  9  Maps,  8  Plates, 
and  16  Woodcuts.     2  vols.  8vo.  28^. 

History  of  the  Life  and 

Reign  of  Richard  III.  To  which  is 
added  the  Story  of  Perkin  Warbeck, 
from  Original  Documents.  By  James 
Gairdner.  With  Portrait  and  Map. 
Second  Edition.     Crown  8vo.  ioj-.  6d. 

Memoirs    of    the     Civil 

War  in  Wales  and  the  Marches, 
1642-1649.  By  John  Roland 
Phillips,  of  Lincoln's  Inn,  Barrister- 
at-Law.  Second  Edition,  in  One 
Volume.     8vo.  16s. 

The   Life   of   Simon   de 

Montfort,  Earl  of  Leicester,  with 
special  reference  to  the  Parliamentary 
History  of  his  time.  By  G.  W. 
Prothero.      Crown  8vo.  Maps,  gs. 

History  of  England  un- 
der the  Duke  of  Buckingham  and 
Charles   I.   1624-1628.      By   S.    R. 

Gardiner.     2  vols.  8vo.     Maps,  24?. 

The  Personal  Govern- 
ment of  Charles  I.  from  the  Death  of 
Buckingham  to  the  Declaration  in  favour 
of  Ship  INIoney,  1628-1637.  By  S.  R. 
Gardiner.     2  vols.  8vo.  24?. 


Popular     History    o: 

France,  from  the  Earliest  Times  t< 
the  Death  of  Louis  XIV.  By  Eliza 
BETH  M.  Sewell.  With  8  Mape 
Crown  8vo.  7^.  6d. 

The  Famine  Campaign  ir 

Southern  India,  (Madras,  Bombay 
and  Mysore,)  in  1876-78.  By  Wil 
LiAM  DiGBY,  Secretary  of  the  Madra 
Famine  Committee,  With  Maps  an( 
many  Illustrations.     2  vols.  8vo.  32^. 

A  Student's   Manual  o 

the  History  of  India  from  the  Earlies 
Period  to  the  Present.  By  Col 
Meadows  Taylor,  M.R,  A.  S.  Thir 
Thousand.     Crown  8vo.  Maps,  *js.  6d. 

Indian  Polity ;  a  View  o 

the  System  of  Administration  in  India 
By  Lieut. -Col.  G.  Chesney.  8vo.  2Ij 

Waterloo     Lectures  ;  £ 

Study  of  the  Campaign  of  1 815.     B 


Colonel     C. 
8vo.  loj.  6d. 


Chesney,     R.E 


The  Oxford  Reformers- 

iohn  Colet,  Erasmus,  and  Thoma 
^ore ;  a  History  of  their  Fellow- Work 
By  F.  Seebohm.     8vo.  14?. 

General  History  of  Rome 

from  B.C.  753  to  A.D.  476.  By  Deai 
Merivale,  D.D.  Crown  8vo.  Maps 
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The  Fall  of  the  Romar 
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Carthage  and  the  Cartha- 
ginians. By  R.  BoswoRTH  Smith 
M.A.  Second  Edition.  Maps,  Plans 
&c.     Crown  8vo.  los.  6d. 

History  of  the   Roman j 

under  the  Empire.  By  Dean  Meri 
VALE,  D.D.     8  vols,  post  8vo.  48J. 

The    History  of   Rome 

By  WiLHELM  Ihne.  Vols.  I.  to  III 
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The  Sixth  Oriental  Mo- 

narchy  ;  or,  the  Geography,  History, 
and  Antiquities  of  Parthia.  By  G. 
Rawlinson,  M.A.  With  Maps  and 
Illustrations.     8vo.  \6s. 

The  Seventh  Great  Ori- 
ental Monarchy  ;  or,  a  History  of 
the  Sassanians.  By  G.  Rawlinson, 
M.A.  With  Map  and  95  Illustrations. 
8vo.  28j-. 

The  History  of  European 

Morals  from  Augustus  to  Charle- 
magne. By  W.  E.  H.  Lecky,  M.A. 
2  vols,  crown  Svo.  i6j. 

History  of  the  Rise  and 

Influence  of  the  Spirit  of  Rational- 
ism in  Europe.  By  W.  E.  H.  Lecky, 
M.A.     2  vols,  crown  Svo.  i6j-. 

The    History   of   Philo- 

Sophy,  from  Thales  to  Comte.  By 
George  Henry  Lewes.  Fourth 
Edition,     2  vols.  Svo.  32J. 

Zeller's  Stoics,  Epicu- 
reans, and  Sceptics.  Translated  by  the 
Rev.  O.  J.  Reichel,  M.A.  Cr.  Svo.  14J. 

Zeller's  Socrates  &  the 

Socratic  Schools.  Translated  by  the 
Rev.  O.  J.  Reichel,  M.A.  Second 
Edition.     Crown  Svo.  10s.  6d. 

Zeller's  Plato  &  the  Older 

Academy.  Translated  by  S.  Frances 
Alleyne  and  Alfred  Goodwin, 
B.A.     Crown  Svo.  iSx. 

Epochs  of  Modern  His- 
tory.    Edited  by  C.  Colbeck,  M.A. 

Church's  Beginning  of  the  Middle 
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Cox's  Crusades,  2s.  6d. 

Creighton's  Age  of  Elizabeth,  2s.  6d. 

Gairdner's  Houses  of  Lancaster  and 
York,  2s.  6d. 

Gardiner's  Puritan  Revolution,  2s.  6d. 

Thirty  Years'  War,  2s.  6d. 

Hale's  Fall  of  the  Stuarts,  2s.  6d. 
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Ludlow's  War  of  American  Indepen- 
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Morris's  Age  of  Anne,  2s.  6d. 


Seebohm's      Protestant     Revolution, 
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Stubbs's  Early  Plantagenets,  2s.  6d. 
Warburton's  Edward  III.  2s.  6d. 

Epochs  of  Ancient  His- 
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Cox,  Bart.  M.A.  &  C.  San  key,  M.A. 
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Capes's  Age  of  the  Antonines,  2s.  6d. 

Early  Roman  Empire,  2s.  6d. 

Cox's  Athenian  Empire,  2s.  6d. 

Greeks  &  Persians,  2s.  6d. 

Curteis's  Macedonian  Empire,  2s.  6d. 

Ihne's  Rome  to  its  Capture  by  the 
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Epochs  of  English  His- 
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Creighton,  M.A.     Fcp.  Svo.  5^. 
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Cordery's  Struggle  against  Absolute 
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Creighton's  (Rev.  M.)  Tudors  and  the 
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Rowley's  Settlement  of  the  Constitu- 
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can &  European  Wars,  1778-1820,  gd. 

York-Powell's  Early  England  to  the 
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Modern  History ;  the  Rise  and  Pro- 
gress of  the  Principal  European  Nations. 
By  W.  CooKE  Taylor,  LL.D.  Cro\\Ti' 
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The  Student's  Manual  of 

Ancient  History;  the  Political  History, 
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Memorials  of  Charlotte 
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The  Life  and  Letters  of 
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The  Life  of  Sir   Martin 

Frobisher,  Knt.  containing  a  Narra- 
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Rev.  Frank  Jones,  B.A.  Portrait, 
Maps,  and  Facsimile.     Crown  8vo.  6,j-. 

Gotthold   Ephraim   Les- 

sing,  his  Life  and  Works.  By  Helen 
Zimmern.    Crown  8vo.  10s.  6d. 

The    Life,    Works,   and 

Opinions  of   Heinrich   Heine.      By 


William    Stigand. 
Portrait,  28j-. 


2    vols.     8vo. 


The     Life     of    Mozart. 

Translated  from  the  German  Work  of 
Dr.  LuDWiG  NoHL  by  Lady  Wallace. 
2  vols,  crown  8vo.  Portraits,  21s. 

Life  of  Robert  Frampton, 

D.  D.  Bishop  of  Gloucester,  deprived  as 
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The   Life   of  Simon   de 
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History  of  his  time.  By  G.  W. 
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Treasury  ;  a  Dictionary  of  Universal 
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Memoirs,  by  William  L.  R.  Gates 
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Felix  Mendelssohn'sLet 
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D.D.     New  Edition.     Crown  8vo.  6: 

Isaac    Casaubon,     1559 

1614.  By  Mark  Pattison,  Rect( 
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Grattan,  O'Connell.  By  W.  E.  I 
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Biography.  By  the  Right  Hon.  Sir 
Stephen,  LL.D.     Crown  8vo.  7j.  6* 
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Anthony  Froude,  M.A.  former] 
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lington.  By  the  Rev.  G.  R.  Glek 
M.A.     Crown  8vo.  Portrait,  6s. 
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Introductory  Principles.  Translated  by 
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Vol.   II.  The  Social  Statics,  or  the 

Abstract  Laws  of  Human  Order.     Trans- 
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Crown  8vo.  2s. 

On     Liberty.       By    John 
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Essays  on  some  Unset- 
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Utilitarianism.     By  John 

Stuart  Mill.    8vo.  5^. 

The  Subjection  of  Wo- 
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Dissertations  and  Dis- 
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Twiss,  D.C.L.     2  vols.  8vo.  £\.  13J. 
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8vo.  £^.  4J. 
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8vo.  los.  6d. 

Picture  Logic ;  an  Attempt 

to  Popularise  the  Science  of  Reasoning. 
By  A.  SwiNBOURNE,  B.A.  Post  8vo.  5^. 
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Crown  8vo.  ioj.  dd. 

An  Outline  of  the  Neces- 
sary Laws  of  Thought ;  a  Treatise 
on  Pure  and  Applied  Logic.  By  W. 
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Econ.  in  the  Queen's  University.  8vo. 
price  \os.  6d. 

Hume's       Philosophical 

Works.  Edited,  with  Notes,  &c.  by 
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W.  Hales,  M.A.  and  by  Charles  S. 
Jerram,  M.A.     Fcp.  8vo. 

Bacon's  Essays,  annotated  by  E.  A. 
Abbot,  D.D.  2  vols.  6s.  or  in  i  vol. 
without  Notes,  2s.  6d. 

Ben  Jonson's  Every  Man  in  His 
Humour,  by  H.  B.Wheatley,  F.S. A. 
Price  2s.  6d. 


Macaulay's  Clive,   by  H. 

M.A.     2s.  6d. 


C.     BOWEN, 


Marlowe's    Doctor  Faustus,    by     W. 

Wagner,  Ph.D.     2s. 
Milton's  Paradise  Regained,  by  C.  S. 

J  ERR  am,  M.A.      2S.  6d. 

Pope's  Select  Poems,  by  T.  Arnold, 
.   M.A.     2s.  6d. 

Miscellaneous  Writings 

of  J.  Conington,  M.A.  Edited  by 
J.  A.  Symonds,  M.A.  2  vols.  8vo.  28j-. 

Selected   Essays,  chiefly 

from  Contributions  to  the  Edinburgh 
and  Quarterly  Reviews.  By  A.  Hay- 
ward,  Q.C.     2  vols,  crown  8vo.  12s. 
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Literary  Studies.    By  the 

late  Walter  Bagehot,  M.A.  and 
Fellow  of  University  College,  London. 
With  a  Prefatory  Memoir.  Edited  by 
R.  H.  HuTTON.  2  vols.  8vo.  with 
Portrait,  28^. 

Short  Studies  on  Great 

Subjects.  By  J.  A.  Froude,  M,A. 
3  vols,  crown  8vo.  iSj. 

Manual  of  English  Lite- 
rature, Historical  and  Critical.  By 
T.  Arnold,  M.A.     Crown 8vo.  7^.  6d. 

Lord  Macaulay's  Miscel- 
laneous Writings  :— 
Library  Edition,  2  vols.  8vo.  21s. 
People's  Edition,  i  vol.  cr.  8vo.  4^.  6d. 

Lord  Macaulay's  Miscel- 
laneous Writings  and  Speeches. 

Student's  Edition.     Crown  8vo.  6s. 

Speeches   of  the  Right 

Hon.  Lord  Macaulay,  corrected  by 
Himself.     Crown  8vo.  2>^.  6d. 

Selections  from  the  Wri- 
tings of  Lord  Macaulay.  Edited, 
with  Notes,  by  G.  O.  Trevelyan, 
M.P.     Crown.  8vo.  6s. 

The  Wit  and  Wisdom  of 

the   Rev.    Sydney    Smith.      Crown 
8vo.  3^.  6d. 

Miscellaneous  and  Post- 
humous Works  of  the  late  Henry 
Thomas  Buckle.  Edited  by  Helen 
Taylor.     3  vols.  Svo.  52^.  6d. 

Miscellaneous  Works  of 

Thomas  Arnold,    D.D.    late    Head 
Master  of  Rugby  School.     8vo.  7^-.  6d. 

German    Home    Life ;  a 

Series  of  Essays  on  the  Domestic  Life 
of  Germany.     Crown  8vo.  6s. 

Realities  of    Irish  Life. 

By  W.   Steuart  Trench.      Crown 
Svo.  2s.  6d.  boards,  or  3-5-.  6d.  cloth. 


Max    Miiller    and    the 

Philosophy     of     Language.       By 

Ludwig  NoiRii.     8vo.  6s. 

Lectures  on  the  Science 

of  Language.  By  F.  Max  Muller, 
M.A.     2  vols,  crown  8vo.  i6s. 

Chips    from    a    German 

Workshop  ;  Essays  on  the  Science  of 
Religion,  and  on  Mythology,  Traditions 
&  Customs.  By  F.  Max  Muller, 
M.A.     4  vols.  8vo.  £2.  iZs, 

Language  &  Languages. 

A  Revised  Edition  of  Chapters  on  Lan- 
guage and  Families  of  Speech.  By 
F.  W.  Farrar,  D.D.  F.R.S.  Crown 
8vo.  6s. 

The  Essays  and  Contri- 
butions of  A.  K.  H.  B.  Uniform 
Cabinet  Editions  in  crown  8vo. 

Recreations  of  a  Country  Parson,  Three 
Series,  3^-.  6d.  each. 

Landscapes,  Churches,  and  Moralities, 

price  3i-.  6d. 

Seaside  Musings,  3^.  6d. 

Changed  Aspects  of  Unchanged 
Truths,  3^.  6d. 

Counsel  and  Comfort  from  a  City 
Pulpit,  zs.  6d. 

Lessons  of  Middle  Age,  3^.  6d. 

Leisure  Hours  in  Town,  3^.  6d. 

Autumn  Holidays  of  a  Country  Parson, 

price  3^.  6d. 
Sunday    Afternoons    at    the     Parish 

Church  of  a  University  City,  3^.  6d. 

The  Commonplace  Philosopher  in 
Town  and  Country,  3^.  6d. 

Present-Day  Thoughts,  zs.  6d. 

Critical  Essays  of  a  Country  Parson, 

price  y.  6d. 
The  Graver  Thoughts  of  a  Country 
Parson,  Three  Series,  31.  6d.  each. 


WORKS  published   by    LONGMANS    &-    CO, 


DICTIONARIES    and    OTHER    BOOKS    of 
REFERENCE. 


Dictionary  of  the  English 

Language.  By  R.  G.  Latham, 
M.A.  M.D.  Abridged  from  Dr. 
Latham's  Edition  of  Johnson's  English 
Dictionary.     Medium  8vo.  24^. 

A  Dictionary  of  the  Eng- 
lish Language.  By  R.  G.  Latham, 
M.A.  M.D.  Founded  on  Johnson's 
English  Dictionary' as  edited  by  the  Rev. 
H.  J.  Todd.     4  vols.  4to.  £7. 

Rogers     Thesaurus     of 

English  Words  and  Phrases,  classi- 
fied and  arranged  so  as  to  facilitate  the 
expression  of  Ideas,  and  assist  in 
Literary  Composition.  Revised  and 
enlarged  by  the  Author's  Son,  J.  L. 
RoGET.     Crown  8vo.  los.  dd. 

English  Synonymes.    By 

E.  J.  Whately.  Edited  by  R. 
Whately,  D.D.     Fcp.  8vo.  3^. 

Handbook  of  the  English 

Language.  By  R.  G.  Latham,  M.A. 
M.D.     Crown  8vo.  ds. 

Contanseau's     Practical 

Dictionary  of  the  French  and  English 
Languages.     Post  Svo.  price  7^-.  6^. 

Contanseau's   Pocket 

Dictionary,  French  and  English, 
abridged  from  the  Practical  Dictionary 
by  the  Author.     Square  iSmo.  3^-.  dd. 

A  New  Pocket  Diction- 
ary of  the  German  and  English 
Languages.  By  F.  W.  Longman, 
Ball.  Coll.  Oxford.      Square  iSmo.  ^s. 

A    Practical    Dictionary 

of  the  German  and  EngUsh  Lan- 
guages. By  Rev.  W.  L.  Black  ley, 
M.A.  &  Dr.  C.  M.  Friedlander. 
Post  Svo.  7j.  (id. 

A  Dictionary  of  Roman 

and  Greek  Antiquities.  With  2,000 
Woodcuts  illustrative  of  the  Arts  and 
Life  of  the  Greeks  and  Romans,  By 
A.  Rich,  B.A.     Crown  Svo.  7^.  dd. 

The  Critical  Lexicon  and 

Concordance  to  the  EngUsh  and 
Greek  New  Testament.  By  the  Rev. 
E.  W.  Bullinger.    Medium  Svo.  30^-. 


A  Greek-English  Lexi- 
con. By  H.  G.  LiDDELL,  D.D.  Dean 
of  Christchurch,  and  R.  ScOTT,  D.D. 
Dean  of  Rochester.     Crown  4to.  36J'. 

Liddell  &  Scott's  Lexi- 

con,  Greek  and  English,  abridged  for 
Schools.     Square  i2mo.  ']s.  6d. 

An  English-Greek  Lexi- 
con, containing  all  the  Greek  Words 
used  by  Writers  of  good  authority.  By 
C.  D.  YoNGE,  M.A.     4to.  2is. 

Mr.    Yonge's     Lexicon, 

English  and  Greek,  abridged  from  his 
larger  Lexicon.     Square  i2mo.  8j.  6d. 

A  Latin-English  Diction- 
ary. By  John  T.  White,  D.D. 
Oxon.  and  J.  E.  Riddle,  M.A.  Oxon. 
Sixth  Edition,  revised,    i  vol.  4to.  28s. 

White's   College    Latin- 

English    Dictionary,  for  the   use  of 

University  Students.  Medium  Svo.  15J. 

A  Latin-English  Diction- 
ary for  the  use  of  Middle-Class  Schools. 
By  John  T.  White,  D.D.  Oxon. 
Square  fcp.  Svo.  y. 

White's  Junior  Student's 

Latin-English    and    English-Latin 

Dictionary.     Square  i2mo. 
English-Latin  Dictionary,  <,s.6d. 
Latin-English  Dictionary,  7^.6^. 
Complete,  12s. 

Mcculloch's     Dictionary 

of  Commerce  and  Commercial  Navi- 
gation. Re-edited  by  Hugh  G.  Reid. 
With  1 1  Maps  and  30  Charts.    Svo.  63J. 

Keith  Johnston's  General 

Dictionary  of  Geography,  Descriptive, 
Physical,  Statistical,  and  Historical ; 
a  complete  Gazetteer  of  the  World, 
Medium  Svo.  42^. 

The  Public  Schools  Atlas 

of  Ancient  Geography,  in  2S  entirely 
new  Coloured  Maps.  Edited  by  the 
Rev.  G.  Butler,  M.A.  Imperial  Svo. 
or  imperial  4to.  7^.  6d. 

The  Public  Schools  Atlas 

of  Modern  Geography,  in  31  entirely 
new  Coloured  Maps.  Edited  by  the 
Rev.  G.  Butler,  M.A.     Uniform,  5^. 
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ASTRONOMY  and  METEOROLOGY. 


Outlines   of  Astronomy. 

By  Sir  J.  F.  W.  Herschel,  Bart.  M.A. 
Latest  Edition,  with  Plates  and  Dia- 
grams.    Square  crown  8vo.  I2s. 

Essays    on    Astronomy. 

A  Series  of  Papers  on  Planets  and 
Meteors,  the  Sun  and  Sun-surrounding 
Space,  Star  and  Star  Cloudlets.  By 
R.  A.  Proctor,  B.A.  With  lo  Plates 
and  24  Woodcuts.     8vo.  125, 

The   Moon  ;    her  Motions, 

Aspects,  Scenery,  and  Physical  Con- 
dition. By  R.  A.  Proctor,  B.A. 
With  Plates,  Charts,  Woodcuts,  and 
Lunar  Photographs.  Crown  8vo.  ios.6d. 

The  Sun ;  Ruler,  Light,  Fire, 

and  Life  of  the  Planetary  System.  By 
R.  A.  Proctor,  B.A.  With  Plates  & 
Woodcuts.     Crown  Svo.  14J. 

The    Orbs  Around    Us ; 

a  Series  of  Essays  on  the  Moon  & 
Planets,  Meteors  &  Comets,  the  Sun  & 
Coloured  Pairs  of  Suns.  By  R.  A. 
Proctor,  B.A.  With  Chart  and  Dia- 
grams.    Crown  Svo.  ^s.  6d. 

Other  Worlds  than  Ours ; 

The  Plurality  of  Worlds  Studied  under 
the  Light  of  Recent  Scientific  Re- 
searches. By  R.  A.  Proctor,  B.A. 
With  14  Illustrations.    Cr.  Svo.  loj.  6d. 

The  Universe  of  Stars ; 

Presenting  Researches  into  and  New 
Views  respecting  the  Constitution  of 
the  Heavens.  By  R.  A.  Proctor, 
B.A.  Second  Edition,  with  22  Charts 
(4  Coloured)  and  22  Diagrams.  Svo. 
price  los.  6d. 

The  Transits  of  Venus ; 

A  Popular  Account  of  Past  and  Commg 
Transits.  By  R.  A.  Proctor,  B.A. 
20  Plates  (12  Coloured)  and  27  Wood- 
cuts.    Crown  Svo.  Sj.  6d. 


Saturn  and  its  System. 

By  R.  A.  Proctor,  B.A.  Svo.  with 
14  Plates,  14J. 

The  Moon,  and  the  Con- 
dition and  Configurations  of  its  Surface. 
By  E.  Neison,  F.R.A.S.  With  26 
Maps  &  5  Plates.   Medium  Svo.  31J.  6d. 

A  New  Star  Atlas,  for  the 

Library,  the  School,  and  the  Obser- 
vatory, in  12  Circular  Maps  (with  2 
Index  Plates).  By  R.  A.  Proctor, 
B.  A.     Crown  Svo.  5^. 

Larger  Star  Atlas,  for  the 

Library,  in  Twelve  Circular  Maps, 
with  Introduction  and  2  Index  Plates. 
By  R.  A.  Proctor,  B.A.  Folio,  15^. 
or  Maps  only,  12s.  6d. 

A  Treatise  on  the  Cy- 
cloid, and  on  all  forms  of  Cycloidal 
Curves,  and  on  the  use  of  Cycloidal 
Curves  in  dealing  with  the  Motions  of 
Planets,  Comets,  &c.  and  of  Matter 
projected  from  the  Sun.  By  R.  A. 
Proctor,  B.A.  With  i6i  Diagrams. 
Crown  Svo.  los.  6d. 

Dove's  Law  of  Storms, 

considered  in  connexion  with  the 
Ordinary  Movements  of  the  Atmo- 
sphere. Translated  by  R.  H.  Scott, 
M.A.     Svo.  1 05.  6d. 

Air  and  Rain ;  the  Begin- 
nings of  a  Chemical  Climatology.  By 
R.  A.  SMITH,  F.R.S.     Svo.  2^. 

Schellen's    Spectrum 

Analysis,  in  its  Application  to  Terres- 
trial Substances  and  the  Physical 
Constitution  of  the  Heavenly  Bodies. 
Translated  by  Jane  and  C.  Lassell, 
with  Notes  by  W.  Huggins,  LL  D 
F.R.S.    Svo.  Plates  and  Woodcuts,  2'6s, 
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NATURAL    HISTORY    and    PHYSICAL 
SCIENCE. 


Professor    H  e  1  m  h  o  1 1  z  * 

Popular  Lectures  on  Scientific  Sub- 
jects. Translated  by  E.  Atkinson, 
F.  C.  S.  With  numerous  Wood  Engrav- 
ings.    8vo.  1 2 J.  6d. 

Professor  Helmholtz  on 

the  Sensations  of  Tone,  as  a  Physio- 
logical Basis  for  the  Theory  of  Music. 
Translated  by  A.  J.  Ellis,  F.R.S. 
8vo.  36j-. 

Ganot's  Natural  Philo- 
sophy for  General  Readers  and 
Young  Persons  ;  a  Course  of  Physics 
divested  of  Mathematical  Formulae  and 
expressed  in  the  language  of  daily  life. 
Translated  by  E.  Atkinson,  F.C.S. 
Third  Edition.  Plates  and  Woodcuts. 
Crown  8vo.  7^.  (id. 

Ganot's  Elementary 

Treatise  on  Physics,  Experimental 
and  Applied,  for  the  use  of  Colleges 
and  Schools.  Translated  and  edited 
by  E.  Atkinson,  F.C.S.  Eighth 
Edition.  Plates  and  Woodcuts.  Post 
8vo.  I5J-. 

Arnott's  Elements  of  Phy- 
sics or  Natural  Philosophy.  Seventh 
Edition,  edited  by  A.  Bain,  LL.D. 
and  A.  S.  Taylor,  M.D.  F.R.S. 
Crown  8vo.  Woodcuts,  \2s.  6d. 

The  Correlation  of  Phy- 
sical Forces.  By  the  Hon.  Sir  W. 
R.  Grove,  F.R.S.  &c.  Sixth  Edition, 
revised  and  augmented.     8vo.  i5j-. 

Weinhold's  Introduction 

to  Experimental  Physics ;  including 
Directions  for  Constructing  Physical 
Apparatus  and  for  Making  Experiments. 
Translated  by  B.  Loewy,  F.R.A.S. 
With  a  Preface  by  G.  C.  Foster,  F.R.S. 
8vo.  Plates  &  Woodcuts  31J.  6d. 

A  Treatise  on  Magnet- 
ism, General  and  Terrestrial.  By  H. 
Lloyd,  D.D.  D.C.L.     8vo.  los.  6d. 

Elementary  Treatise  on 

the  Wave-Theory  of  Light.  By 
H.  Lloyd,  D.  D.  D.  C. L.    8vo.  10*.  dd. 


Fragments    of   Science. 

By  John  Tyndall,  F.R.S.  Sixth 
Edition,  revised  and  augmented.  2  vols, 
crown  8vo.  i6j. 

Heat  a  Mode  of  Motion. 

By  John  Tyndall,  F.R.S.  Fifth 
Edition  in  preparation. 

Sound.    By  John  Tyndall, 

F.R.S.  Third  Edition,  including 
Recent  Researches  on  Fog- Signalling. 
Crown  8vo.  price  los.  6d. 

Researches  on  Diamag- 

netismand  Magne-CrystallicAction; 

including  Diamagnetic  Polarity.  By 
John  Tyndall,  F.R.S.  New  Edition 
in  preparation. 

Contributions  to  Mole- 
cular Physics  in  the  domain  of  Ra- 
diant Heat.  By  John  Tyndall, 
F.R.S.  Plates  and  Woodcuts.  8vo.  i6j. 

Six   Lectures  on  Light, 

delivered  in  America  in  1872  and  1873. 
By  John  Tyndall,  F.R.S.  Second 
Edition.  Portrait,  Plate,  and  Diagrams. 
Crown  8vo.  7j.  6d. 

Lessons  in  Electricity  at 

the  Royal  Institution,  1875-6.  By 
John  Tyndall,  F.R.S.  With  58 
Woodcuts.     Crown  8vo.  2s.  6d. 

Notes    of  a    Course    of 

Seven  Lectures  on  Electrical  Phe- 
nomena and  Theories,  delivered  at 
the  Royal  Institution.  By  John  Tyn- 
dall, F.R.S.  Crown  8vo.  is.  sewed, 
or  IS.  6d.  cloth. 

Notes  of  a  Course  of  Nine 

Lectures  on  Light,  delivered  at  the 
Royal  Institution.  By  John  Tyndall, 
F.R.S.  Crown  8vo.  is.  sewed,  or 
IS.  6d.  cloth. 

Principles  of  Animal  Me- 
chanics. By  the  Rev.  S.  Haughton 
F.R.S.     Second  Edition.     8vo.  2Ij. 
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Text-Books  of  Science, 

Mechanical  and  Physical,  adapted  for 
the  use  of  Artisans  and  of  Students  in 
Public  and  Science  Schools.  Small 
8vo.  with  Woodcuts,  &c. 

Abney's  Photography,  y.  6d. 

Anderson's  (Sir  John)  Strength  of  Ma- 
terials, 3J.  6d. 

Armstrong's  Organic  Chemistry,  3^.  6d. 

Barry's  Railway  Appliances,  3^.  6d. 

Bloxam's  Metals,  3^.  6d. 

Goodeve's  Mechanics,  3^.  6d. 

Mechanism,  y.  6d. 

Gore's  Electro- Metallurgy,  6s. 

Griffin's  Algebra  &  Trigonometry,  3/6. 

Jenkin's  Electricity  &  Magnetism,  3/6. 

Maxwell's  Theory  of  Heat,  3^.  6d. 

Merrifield's  Technical  Arithmetic,  3^.  6d. 

Miller's  Inorganic  Chemistry,  3^.  6d. 

Preece&  Sivewright's  Telegraphy,  3/6. 

Rutley's  Study  of  Rocks,  4^.  6d. 

Shelley's  Workshop  Appliances,  3^  6d. 

Thome's  Structural  and  Physiological 
Botany,  6s, 

Thorpe's  Quantitative  Analysis,  ^.  6d. 

Thorpe  &  Muir's  Qualitative  Analysis, 
price  3J".  6d. 

Tilden's  Systematic  Chemistry,  3^,  6d. 

Unwin's  Machine  Design,  3j-.  6d. 

Watson's  Plane  &  Solid  Geometry,  3/6. 

Light  Science  for  Leisure 

Hours ;  Familiar  Essays  on  Scientific 
Subjects,  Natural  Phenomena,  &c. 
By  R.  A.  Proctor,  B.A.  2  vols. 
crown  8vo.  7j.  6d.  each. 

An  Introduction  to  the 

Systematic  Zoology  and  Morpho- 
logy of  Vertebrate  Animals.     By  A. 

Macalister,  M.D.  Professor  of  Com- 
parative Anatomy  and  Zoology,  Univer- 
sity of  Dublin.  With  28  Diagrams. 
8vo.  los.  6d. 

The  Comparative  Ana- 
tomy and  Physiology  of  the  Verte- 
brate Animals.  By  Richard  Owen, 
F.R.S,  With  1,472  Woodcuts.  3 
vols.  8vo.  ;^3.  13J.  6d. 


Homes  without  Hands; 

a  Description  of  the   Habitations    of 
Animals,    classed    according    to   their 
Principle  of  Construction.     By  the  Rev 
J.  G.  Wood,  M.A.     With  about  140 
Vignettes  on  Wood.     8vo.  14J. 

Wood's  Strange  Dwell- 
ings ;  a  Description  of  the  Habitations 
of  Animals,  abridged  from  'Homes 
without  Hands.'  With  Frontispiece 
and  60  Woodcuts.     Crown  8vo.  yj.  6^. 

Wood's  Insects  at  Home; 

a  Popular  Account  of  British  Insects, 
their  Structure,  Habits,  and  Trans- 
formations. With  700  Woodcuts. 
8vo.  I4r. 

Wood's  Insects  Abroad ; 

a  Popular  Account  of  Foreign  Insects, 
their  Structure,  Habits,  and  Trans- 
formations. With  700  Woodcuts. 
8vo.  14  J. 

Wood's  Out  of  Doors  ;  a 

Selection  of  Original  Articles  on 
Practical  Natural  History.  With  6 
Illustrations.     Crown  8vo.  ^s.  6d. 

Wood's  Bible  Animals ;  a 

description  of  every  Living  Creature 
mentioned  in  the  Scriptures,  from  the 
Ape  to  the  Coral.  With  1 12  Vignettes. 
8vo.  14^. 

The  Sea  and  its  Living 

Wonders.  By  Dr.  G.  Hartwig. 
8vo.  with  numerous  Illustrations,  price 
loj.  6d. 

Hart  wig's    Tropical 

World.  With  about  200  Illustrations. 
8vo.  \os.  6d. 

Hart  wig's  Polar  World  ; 

a  Description  of  Man  and  Nature  in  the 
Arctic  and  Antarctic  Regions  of  the 
Globe.  Chromoxylographs,  Maps,  and 
Woodcuts.     8vo.  10s.  6d. 

Hartwig's  Subterranean 

World.  With  Maps  and  Woodcuts. 
8vo.  loj.  6d. 

Hartwig's  Aerial  World; 

a  Popular  Account  of  the  Phenomena 
and  Life  of  the  Atmosphere.  Map, 
Chromoxylographs,  Woodcuts.  8vo. 
price  los.  6d, 
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Kirby  and  Spence's  In- 
troduction to  Entomology,  or  Ele- 
ments of  the  Natural  History  of  Insects. 
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Memb.  Inst.  C.E.  Seventh  Edition. 
Plates  &  Woodcuts.     8vo.  price  i6j-. 

A  Treatise  on  the  Steam 

Engine,  in  its  various  applications  to 
Mines,  Mills,  Steam  Navigation,  Rail- 
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Communion  ;  the  Devotions  chiefly 
from  the  works  of  Jeremy  Taylor.  By 
Elizabeth  M.  Sewell.    32mo.  3^. 

Bishop  Jeremy  Taylor's 

Entire  Works ;  with  Life  by  Bishop 
Heber.  Revised  and  corrected  by  the 
Rev.  C.  P.  Eden.     10  vols.  2"5.  5 J". 

Hymns    of    Praise    and 

Prayer.  Corrected  and  edited  by 
Rev.  John  Martineau,  LL.D. 
Crown  8vo.  4?.  6d.     32mo.  is.  6d. 

Spiritual  Songs  for  the 

Sundays  and  Holidays  throughout 
the  Year.  By  J.  S.  B.  Monsell, 
LL.D.     Fcp.  8vo.  5j.  i8mo.  2s. 

Christ   the    Consoler;    a 

Book  of  Comfort  for  the  Sick,  By 
Ellice  Hopkins.  With  a  Preface  by 
the  Bishop  of  Carlisle.  Second  Edition. 
Fcp.  8vo.  2s.  6d. 


Lyra  Germanica;  Hymns 

translated  from  the  German  by  Miss  C. 
WiNKWORTH.     Fcp.  Svo.  5/ 

The   Temporal   Mission 

of  the  Holy  Ghost ;  or,  Reason  and 
Revelation.  By  Henry  Edward 
Manning,  D.D.      Crown  Svo.  8j.  6d. 

Hours    of    Thought    on 

Sacred  Things  ;  a  Volume  of  Ser- 
mons.  By  James  Martineau,  D.D. 
LL.D.     Crown  Svo.     Price  ^s.  6d. 

Endeavours     after     the 

Christian  Life  ;  Discourses.  By 
James  Martineau,  D.D.  LL.D. 
Fifth  Edition.     Crown  Svo.  'js.  6d. 

The  Pentateuch  &  Book 

of  Joshua  Critically  Examined. 
By  J.  W.  COLENSO,  D.D.  Bishop  of 
Natal.     Crown  Svo.  6s. 

Lectures  on  the  Penta- 
teuch and  the  Moabite  Stone  ;  with 
Appendices.  By  J.  W.  Colenso, 
D.D.     Bishop  of  Natal.     Svo.  12 j. 


TRAVELS,    VOYAGES, 

A  Voyage  in  the  'Sun- 
beam/ our  Home  on  the  Ocean  for 
Eleven  Months.  By  Mrs.  Brassey, 
Cheaper  Edition,  with  Map  and  65 
Wood  Engravings.     Crown  Svo,  'js.  6d. 


&e. 


A    Freak    of   Freedom ; 

or,  the  Republic  of  San  Marino.  By 
J.  Theodore  Bent,  Honorary  Citizen 
of  the  same.  With  a  Map  and  15 
Woodcuts.     Crown  Svo.  'js.  6d. 

One  Thousand  Miles  up 

the  Nile;  a  Journey  through  Egypt 
and  Nubia  to  the  Second  Cataract. 
By  Amelia  B.  Edwards.  With  Plans, 
Maps  &  Illustrations.  Imperial  Svo.  42J. 

The  Indian  Alps,  and  How 

we  Crossed  them ;  Two  Years' 
Residence  in  the  Eastern  Himalayas, 
and  Two  Months'  Tour  into  the  Interior. 
By  a  Lady  Pioneer.  With  Illustra- 
tions.    Imperial  Svo.  42^-, 


Discoveries  at  Ephesus, 

Including  the  Site  and  Remains  of  the 
Great  Temple  of  Diana.  By  J.  T. 
Wood,  F.S.  A.  With  27  Lithographic 
Plates  and  42  Wood  Engravings.  Me- 
dium Svo.  63J. 


Memorials  of  the  Dis- 
covery and  Early  Settlement  of  the 
Bermudas  or  Somers  Islands,  from 
1 61 5  to  1685.  By  Major-General  Sir 
J.  H.  Lefroy,  R.A.  With  Maps,  &c. 
2  vols.  Imp.  Svo.  60s. 

Eight  Years  in  Ceylon. 

By   Sir  Samuel    W.    Baker,    M.A. 
Crown  Svo.  Woodcuts,  ^s.  6d. 

The  Rifle  and  the  Hound 

in  Ceylon.  By  Sir  Samuel  W.  Baker, 
M.A.     Crown  Svo.  Woodcuts,  7^.  6d. 
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Guide  to  the   Pyrenees, 

for  the  use  of  Mountaineers.  By 
Charles  Packe.     Crown  8vo.  ys.  6d. 

The  Alpine  Club  Map  of 

Switzerland,  with  parts  of  the  Neigh- 
bouring Countries,  on  the  scale  of  Four 
Miles  to  an  Inch.  Edited  by  R.  C. 
Nichols,  F.  R.  G.  S.  4  Sheets  in  Port- 
folio, 42J.  coloured,  or  34J.  uncoloured. 

The    Alpine    Guide.     By 

John  Ball,  M.R.I. A.  PostSvo.  with 
Maps  and  other  Illustrations. 

The  Eastern  Alps,  los,  6d, 


Central  Alps,  including  all 

the  Oberland  District,  7j.  6</. 

Western   Alps,    including 

Mont  Blanc,  Monte  Rosa,  Zermatt,  &c. 
Price  ds.  6d. 

On  Alpine  Travelling  and 

the  Geology  of  the  Alps.  Price  is. 
Either  of  the  3  Volumes  or  Parts  of  the 
*  Alpine  Guide '  may  be  had  with  this 
Introduction  prefixed,  is.  extra. 

The   Fenland   Past  and 

Present.  By  S.  H.  Miller,  F.R.  A.S. 
F.M.S.;  and  S.  B.  J.  Skertchley, 
F.G.S.  of  H.M.  Geological  Survey. 
With  numerous  Illustrations  and  Maps. 
Royal  8vo.  31J.  6d.  Large  Paper,  fcp. 
folio,  50^-.  half-morocco. 


AA^ORKS    of    FICTION. 


Novels  and  Tales.  By  the 

Right  Hon.  the  Earl  of  Beacons- 
field,  K.G.  Cabinet  Editions,  complete 
in  Ten  Volumes,  crown  8vo.  6s.  each. 

Lothair,  6s.  Venetia,  6s. 

Coningsby,  6s.        Alroy,  Ixion,  &c.  6s. 

Sybil,  6s.  Young  Duke  &c.  6s. 

Tancred,  6s.  Vivian  Grey,  6s. 

Henrietta  Temple,  6s. 

Contarini  Fleming,  &c.  6s. 

Tales    from    Euripides ; 

Iphigenia,  Alcestis,  Hecuba,  Helen, 
Medea.  By  Vincent  K.  Cooper, 
M.A.  late  Scholar  of  Brasenose  College, 
Oxford.     Fcp.  8vo.  3^.  6d. 

Whispers  from  Fairy- 
land. By  the  Right  Hon.  E.  H. 
Knatchbull-Hugessen,  M.P.  With 
9  Illustrations.     Crown  8vo.  3J.  6d. 

Higgledy-piggledy;    or, 

Stories  for  Everybody  and  Every- 
body's Children.  By  the  Right  Hon. 
E.  H.  Knatchbull-Hugessen,  M.P. 
"With  9  Illustrations.     Cr.  8vo.  3^.  6d. 


Stories    and   Tales.     By 

Elizabeth  M.  Sewell.  Cabinet 
Edition,  in  Ten  Volumes,  each  contain- 
ing a  complete  Tale  or  Story  : — 

Amy  Herbert,  2s.  6d.  Gertrude,  2s.  6d. 
The  Earl's  Daughter,  2s.  6d.  The 
Experience  of  Life,  2s.  6d.  Cleve 
Hall,  2s.  6d.  Ivors,  2s.  6d.  Katharine 
Ashton,  2s.  6d.  Margaret  Percival, 
3^.  6d.  Laneton  Parsonage,  y.  6d. 
Ursula,  y.  6d. 

The   Modern    Novelist's 

Library.  Each  work  complete  in  itself, 
price  2s.  boards,  or  2s.  6d.  cloth. 

By  Lord  BeACONSFIELD. 
Lothair. 
Coningsby. 
Sybil. 
Tancred. 
Venetia. 

Henrietta  Temple. 
Contarini  Fleming. 
Alroy,  Ixion,  &c. 
The  Young  Duke,  &c. 
Vivian  Grey. 
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THE    MODERN 
By  Anthony  Trollope. 

Barchester  Towers. 

The  Warden. 
By  Major  Whyte-Melville. 

Digby  Grand. 

General  Bounce. 

Kate  Coventry. 

The  Gladiators. 

Good  for  Nothing. 

Holmby  House. 

The  Interpreter. 

The  Queen's  Maries. 

The  Novels  and  Tales 

the  Earl  of  Beaconsfield,    K.G. 

extra,  gilt  edges,  price  30J. 


NOVELIST'S    LIBRARY-..«/,n«.^. 

By  the  Author  of  *  The  Rose  Garden.' 
Unawares. 


By  the  Author  of  *  Mile.  Mori.' 
The  Atelier  du  Lys. 
Mademoiselle  Mori. 

By  Various  Writers. 
Atherstone  Priory. 
The  Burgomaster's  Family. 
Elsa  and  her  Vulture. 
The  Six  Sisters  of  the  Valleys. 

of  the  Right    Honourable 

Complete  in  Ten  Volumes,   crown    8vo.   cloth 


POETRY    and    THE    DRAMA. 


Lays  ot  Ancient  Rome; 

with  Ivry  and  the  Armada.  By  Lord 
Macaulay.  i6mo.  3^.  6d. 

Horatii   Opera.      Library 

Edition,  with  English  Notes,  Marginal 
References  &  various  Readings.  Edited 
by  Rev.  J.  E.  Yonge,  M.A.    8vo.  2\s. 

Poems  by  Jean  Ingelow. 

2  vols.  fcp.  8vo.  los. 
First  Series,  containing  'Divided,*  *The 
Star's  Monument,'  &c.     Fcp.  Svo.  5^-. 

Second  Series,    *A    Story  of  Doom,' 
*  Gladys  and  her  Island,'  &c.     5^. 

Poems  by  Jean  Ingelow. 

First  Series,  with  nearly  100  Woodcut 
Illustrations.     Fcp.  4to.  2IJ. 

Brian    Boru,    a    Tragedy. 

By  J.  T.  B.     Crown  Svo.  6j. 


Festus,    a    Poem.      By 

Philip  James  Bailey.  loth  Edition, 
enlarged  &  revised.  Crown  Svo.  12 j.  6<f. 

The  Iliad  of  Homer,  Ho- 

mometrically  translated  by  C.  R. 
Cayley,  Translator  of  Dante's  Comedy, 
&c.     Svo.  12^,  dd. 

The    ^neid    of    Virgil. 

Translated  into  English  Verse.  By  J. 
CONINGTON,  M.A.     Crown  Svo.  9^. 

Bowdler's  Family  Shak- 

speare.  Genuine  Edition,  in  i  vol. 
medium  Svo.  large  t5rpe,  with  36  Wood- 
cuts, 14-5-.  or  in  6  vols.  fcp.  Svo.  21s. 

Southey's     Poetical 

Works,  with  the  Author's  last  Cor- 
rections and  Additions.  Medium  Svo. 
with  Portrait,  14J. 


RURAL    SPORTS,    HORSE    and    CATTLE 
MANAGEMENT,    &c. 


Annals  of  the  Road ;  or, 

Notes  on  Mail  and  Stage-Coaching  in 
Great  Britain.  By  Captain  Malet. 
With  3  Woodcuts  and  10  Coloured 
Illustrations.     Medium  Svo.  2\s. 


Down  the  Road  ;  or,  Re- 
miniscences of  a  Gentleman  Coachman. 
By  C.  T.  S.  Birch  Reynardson. 
Second  Edition,  with  12  Coloured 
Illustrations.     Medium  Svo.  2\s. 
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Blaine's  Encyclopaedia  of 

Rural  Sports;  Complete  Accounts, 
Historical,  Practical,  and  Descriptive, 
of  Hunting,  Shooting,  Fishing,  Racing, 
&c.     With  600  Woodcuts.     8vo.  2IJ. 

A  Book  on  Angling  ;  or, 

Treatise  on  the  Art  of  Fishing  in  every 
branch  ;  including  full  Illustrated  Lists 
of  Salmon  Flies.  By  Francis  Francis. 
Post  8vo.  Portrait  and  Plates,  i^s. 

Wilcocks's  Sea- Fisher- 
man :  comprising  the  Chief  Methods 
of  Hook  and  Line  Fishing,  a  glance  at 
Nets,  and  remarks  on  Boats  and  Boat- 
ing.    Post  8vo.  Woodcuts,  12s.  6d. 

The  Fly-Fisher's  Ento- 
mology.     By    Alfred    Ronalds. 

With  20  Coloured  Plates.     8vo.  14^. 

Horses  and  Riding.     By 

George  Nevile,  M.  A.  With  31  Illus- 
trations.    Crown  8vo.  6s. 

Horses  and  Stables.     By 

Colonel  F.  Fitzwygram,  XV.  the 
King's  Hussars.  With  24  Plates  of 
Illustrations.     8vo.  lOi-.  6d. 

Youatt    on    the    Horse. 

Revised  and  enlarged  by  W.  Watson, 
M.R.C.V.S.     8vo.  Woodcuts,  12s.  6d. 


Youatt's    Work   on    the 

Dog.  Revised  and  enlarged.  Svo. 
Woodcuts,  6^. 

The  Dog  in  Health  and 

Disease.  By  Stonehenge.  With 
78  Wood  Engravings.  Square  crown 
8vo.  Ts.  6d. 

The    Greyhound.     By 

Stonehenge.  Revised  Edition,  with 
25  Portraits  of  Greyhounds,  &c. 
Square  crown  8vo.  i$s. 

Stables  and  Stable  Fit- 
tings. By  W.  Miles.  Imp.  8vo. 
with  13  Plates,  i5j-. 

The   Horse's  Foot,   and 

How  to    keep    it    Sound.    By  W. 

Miles.     Imp.  8vo.  Woodcuts,  12s.  6d. 

A  Plain  Treatise  on 

Horse-shoeing.  By  W.  Miles.  Post 
8vo.  Woodcuts,  2s.  6d. 

Remarks  on  Horses' 

Teeth,  addressed  to  Purchasers.  By 
W.  Miles.     Post  Svo.  is.  6d. 

The  Ox,  his  Diseases  and 

their  Treatment ;  with  an  Essay  on 
Parturition  in  the  Cow.  By  J.  R. 
Dobson,  M.R.C.V.S.  Crown  Svo. 
Illustrations,  Js.  6d. 


WORKS    of    UTILITY    and    GENERAL 
INFORMATION. 


Maunder's    Treasury   of 

Knowledge  and  Library  of  Refer- 
ence ;  comprising  an  English  Diction- 
ary and  Grammar,  Universal  Gazetteer, 
Classical  Dictionary,  Chronology,  Law 
Dictionary,  Synopsis  of  the  Peerage, 
Useful  Tables,  &c.     Fcp.  Svo.  6s. 

Maunder's   Biographical 

Treasury.  Latest  Edition,  recon- 
structed and  partly  re -written,  with 
above  1,600  additional  Memoirs,  by 
W.  L.  R.  Gates.     Fcp.  Svo.  6s. 

Maunder's    Treasury   of 

Natural  History ;  or.  Popular  Dic- 
tionary of  Zoology,  Revised  and 
corrected  Edition.  Fcp.  Svo.  with 
900  Woodcuts,  6s. 


Maunder's  Scientific  and 

Literary  Treasury;  a  Popular  En- 
cyclopaedia of  Science,  Literature,  and 
Art.  Latest  Edition,  partly  re-written, 
with  above  1,000  New  'Articles,  by  J. 
Y.  Johnson.     Fcp.  Svo.  6s. 

Maunder's    Treasury   of 

Geography,  Physical,  Historical, 
Descriptive,  and  Political.  Edited  by 
W.  Hughes,  F.  R.  G.  S.  With  7  Maps 
and  16  Plates.     Fcp.  Svo.  6s. 

Maunder's    Historical 

Treasury;  Introductory  Outlines  of 
Universal  History,  and  Separate  His- 
tories of  all  Nations.  Revised  by  the 
Rev.  Sir  G.  W.  Cox,  Bart.  M.A. 
Fcp.  Svo.  6s. 
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The  Treasury  of  Botany, 

or  Popular  Dictionary  of  the  Vegetable 
Kingdom ;  with  which  is  incorporated 
a  Glossary  of  Botanical  Terms.  Edited 
by  J.  LiNDLEY,  F.R.S.  and  T.  Moore, 
F.L.S.  With  274  Woodcuts  and  20 
Steel  Plates.     Two  Parts,  fcp.  8vo.  \2s. 

The    Treasury  of  Bible 

Knowledge  ;  being  a  Dictionary  of 
the  Books,  Persons,  Places,  Events, 
and  other  Matters  of  which  mention  is 
made  in  Holy  Scripture.  By  the  Rev. 
J.  Ayre,  M.A.  Maps,  Plates  &  Wood- 
cuts.    Fcp.  8vo.  es. 

A  Practical  Treatise  on 

Brewing  ;  with  Formulae  for  Public 
Brewers  &  Instructions  for  Private  Fam- 
ilies.    By  W.  Black.     8vo.  ioj.  6d. 

The  Theory  of  the  Mo- 
dem Scientific  Game  of  Whist. 
By  W.  Pole,  F.R.S.  Tenth  Edition. 
Fcp.  Svo.  2J.  dd. 

The    Correct    Card;   or, 

How  to  Play  at  Whist ;  a  Whist 
Catechism.  By  Captain  A.  Campbell- 
Walker,  F.R.G.S.  New  Edition. 
Fcp.  Svo.  2.S.  6d. 

The  Cabinet  Lawyer;  a 

Popular  Digest  of  the  Laws  of  England, 
Civil,  Criminal,  and  Constitutional. 
Twenty-Fifth  Edition,  corrected  and 
extended.     Fcp.  Svo.  gs. 

Chess  Openings.  ByF.W. 

Longman,  Balliol  College,  Oxford. 
Second  Edition.     Fcp.  Svo.  2s.  6d. 

Pewtner's  Compre- 
hensive Specifier;  a  Guide  to  the 
Practical  Specification  of  every  kind  of 
Building- Artificer's  Work.  Edited  by 
W.  Young.     Crown  Svo.  6s. 

The  English  Manual  of 

Banking.  By  Arthur  Crump. 
Second  Edition,  revised  and  enlarged. 
Svo.  15^. 

Modern  Cookery  for  Pri- 
vate Families,  reduced  to  a  System 
of  Easy  Practice  in  a  Series  of  carefully- 
tested  Receipts.  By  Eliza  Acton. 
With  S  Plates  and  150  Woodcuts.  Fcp. 
Svo.  6s. 


Fo  od  and  H  ome  Cookery. 

A  Course  of  Instruction  in  Practical 
Cookery  and  Cleaning,  for  Children  in 
Elementary  Schools,  as  followed  in  the 
Schools  of  the  Leeds  School  Board.  By 
Mrs.  BucKTON,  Member  of  the  Leeds 
School  Board.  With  11  Woodcuts. 
Crown  Svo.  2s. 

Hints  to  Mothers  on  the 

Management  of  their  Health  during 
the  Period  of  Pregnancy  and  in  the 
Lymg-m  Room.  By  Thomas  Bull. 
M.D.     Fcp.  Svo,  2s.  6d. 

The  Maternal  Manage- 
ment of  Children  in  Health  and 
Disease.  By  Thomas  Bull,  M.D. 
Fcp.  Svo.  2J-.  6d. 

The    Farm  Valuer.     By 

John  Scott,  Land  Valuer.  Crown 
Svo.  price  ^s. 

Economics  for  Beginners 

By  H.  D.  MACLEOD,  M.A.  Small 
crown  Svo.  2s.  6d. 

The  Elements  of  Bank- 
ing:. By  H.  D.  MACLEOD,  M.A. 
Fourth  Edition.     Crown  Svo.  5^. 

The  Theory  and  Practice 

of  Bankingf.  By  H.  D.  Macleod, 
M.  A.     2  vols.  Svo.  26s. 

The  Resources  of  Mod- 
em Countries ;  Essays  towards  an 
Estimate  of  the  Economic  Position  of 
Nations  and  British  Trade  Prospects. 
By  Alex.  Wilson.     2  vols.  Svo.  2\s. 

Willich's  Popular  Tables 

for  ascertaining,  according  to  the  Carlisle 
Table  of  Mortality,  the  value  of  Life- 
hold,  Leasehold,  and  Church  Property, 
Renewal  Fines,  Reversions,  &c.  Also 
Interest,  Legacy,  Succession  Duty,  and 
various  other  useful  tables.  Eighth 
Edition.     Post  Svo.  \os. 

The  Patentee's  Manual ; 

a  Treatise  on  the  Law  and  Practice  of 
Letters  Patent,  for  the  use  of  Patentees 
and  Inventors.  By  J.  Johnson,  Bar- 
rister-at-Law  ;  and  J.  H.  Johnson, 
Assoc.  Inst.  C.E.  Solicitor  and  Patent 
Agent,  Lincoln's  Inn  Fields  and  Glas- 
gow. Fourth  Edition,  enlarged.  Svo. 
loj.  6d. 
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Abbey  6*  Overtoil  s  English  Church  History 

—       's  Photography  

Acton's  Modem  Cookery 

Alpine  Club  Map  of  Switzerland  

Alpine  Guide  (The) 

Amos's  Jurisprudence  

Primer  of  the  Constitution 

Anderson's  Strength  of  Materials 

Armstrong's  Organic  Chemistry   

Arnolds  (Dr. )  Lectures  on  Modem  History 

Mi  scellaneous  Works    

■ Sermons  


(T.)  English  Literature 


Arnott's  Elements  of  Physics. 

Atelier  (The)  du  Lys    

Atherstone  Priory 

Autumn  Holidays  of  a  Country  Parson  .. 

Ayre's  Treasury  of  Bible  Knowledge  

Bacon' s 'Ej%'s,2Lys,  hj  Abbott  

by   Whaiely 


■  Life  and  Letters,  by  Spedding 
•Works 


Bagehot's  Literary  Studies 

Bailey's  Festus,  a  Poem 

Bain's  Mental  and  Moral  Science.. 

on  the  Senses  and  Intellect 

'  Emotions  and  Will 


Baker's  Two  Works  on  Ceylon 

^iz/Z'j  Alpine  Guides   

Barry  on  Railway  Appliances   

Beaconsfield' s  (Lord)  Novels  and  Tales   ... 

Beesly's  Gracchi,  Marius,  and  Sulla 

Bent's  Republic  of  San  Marino 

Black's  Treatise  on  Brewing  

Blackley's  German- EngHsh  Dictionary 

Blaifte's  Rural  Sports 

Bloxam's  Metals 

Bolland  and  Lang's  Aristotle's  Politics 

Boultbee  on  39  Articles 

's  History  of  the  English  Church... 

Bourne's  Works  on  the  Steam  Engine 

Bowdler's  Family  Shakespeare  

Bramley-Moore  s  Six  Sisters  of  the  Valleys  . 

Brande's  Dictionary  of  Science,  Literature, 
and  Art   

Brassey's  Voyage  of  the  Sunbeam   

Brian  Boru,  a  Tragedy  

Browne's  Exposition  of  the  39  Articles 

Brown  in^s  M  odern  England    

Buckle's  History  of  Civilisation 

Posthumous  Remains 

Buckton's  Food  and  Home  Cookery 

Health  in  the  House 

Town  and  Window  Gardening... 

Buirs  Hints  to  Mothers 

Maternal  Management  of  Children . 

Bullingers  Lexicon  to  the  Greek  Testa- 
ment     

Burgomaster's  Family  (The)  
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